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SICT 2023 / PlasmaTech 2023 / Tribology 2023 Joint Conferences Program 

26 - 28 April 2023 | Lisbon, Portugal 

26 April 2023 

08:30 - 12:00                                              Participants registration 

08:30 - 10:30                                   Welcoming Coffee - Mezzanine Area 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Plenary Session 

Conference Room Roma I 

Session’s Chairs: 
Prof. Luis L. Alves, Instituto Superior Técnico- Lisbon, Portugal 

Prof. Igor Adamovich, Ohio State University, USA 
Prof. Michael R. Wertheimer, Polytechnique Montréal, Canada 

10:30 - 11:00 
Functional Plasma Polymer Films – Optimization, Implementation 
and Application 
D. Hegemann 

Dr. Dirk Hegemann, Empa - 
Swiss Federal Lab for 
Materials Science and 
Technology, Switzerland 

11:00 - 11:30 
Thermodynamic quasi-equilibria in high power magnetron 
discharges: A generalized Poisson-Boltzmann relation 
K. Köhn, D. Krüger, D. Eremin, L. Xu, R.P. Brinkmann 

Prof. Ralf Peter Brinkmann, 
Ruhr-University Bochum, 
Germany 

11:30 - 12:00 

Development of a Portable Surface Modification Technology to 
Control the Tribological Properties of Al7075-T6 Alloy for 
Aerospace Applications 
A. Amanov and J-H. Kim 

Prof. Auezhan Amanov, 
Sun Moon University, Rep. 
of Korea 

12:00 - 14:00 Lunch Break - Restaurante Rio de Janeiro 

SICT 2023 Session I. A: 
Surface treatments and coatings deposition and functionalization / Characterization / Properties 

Multifunctional composite and hybrid coatings 

Conference Room Roma I 

Session’s Chairs: 
Prof. Vasily Efremenko, Pryazovskyi State Technical University, Ukraine 

Dr. Mohamed Belhaj, ONERA-DPHY- Toulouse, France 
Dr. Madhan K. Arumugam, King Fahd University of Petroleum and Minerals, Saudi Arabia 

14:00 - 14:30 
Development of Nanolayered Thin Films for Joining Applications 
S. Simões, M.Silva, F.Viana, A.S. Ramos and M.T. Vieira  

Dr. Sónia Simões, 
University of Porto, Portugal 

14:30 - 14:45 
Clay mineral nanosheets suspended in water give bright and noniri-
descent structural colors 
P.H. Michels-Brito, V. Dudko, J. Breu and J. Otto Fossum 

Prof. Jon Otto Fossum, 
Norwegian University of 
Science and Technology, 
Norway 

14:45 - 15:00 
Molecular Layer Deposition – Versatile Tool for High Performance 
CNT-Polymer Composites 
R. Yerushalmi 

Prof. Roie Yerushalmi, The 
Hebrew University of 
Jerusalem, Israel 

15:00 - 15:15 
Controling porosity of adsorbed polymeric overlayers: Monte Carlo 
simulations of the Ullmann coupling of halogenated PAHs 
P. Szabelski and J. Lisiecki 

Prof. Paweł Szabelski, 
Maria Curie-Skłodowska 
University, Poland 

15:15 - 15:30 
Revealing atomic-scale phase transition in epitaxial VO2 thin films 
M. Ahmadi, Atul, M. Ahamdi, S. de Graaf and B. Kooi 

Mr. Masoud Ahmadi, 
University of Groningen, the 
Netherlands 

15:30 - 15:45 
Eco-efficient flame retardant bio-based self-stratifying coatings 
M. Jimenez, C. Lemesle, S. Bellayer, S. Duquesne, M. Casetta, A-
S. Schuller and J. Molina 

Prof. Maude Jimenez, 
University of Lille, France 

15:45- 16:00 
Aerosol Deposition of CuFeO2 photo-cathode coatings 
A. Bruera, A. Elsenberg, G. Bolelli, F. Gärtner, M. Schieda, T. 
Klassen and L. Lusvarghi 

Ms. Alessia Bruera, 
University of Modena and 
Reggio Emilia, Modena, Italy 

16:00 - 16:30 Coffee Break / Posters Session - Mezzanine Area 
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16:30  - 16:45 

Superhydrophobic candle soot-coated PDMS surfaces replicated 
from leek leaves  
S.M. Mirmohammadi, H. Daghigh Shirazi, S. Franssila, J. 
Vapaavuori and V. Jokinen 

Mr. Seyed M. 
Mirmohammadi, Aalto 
University, Finland 

16:45 - 17:00 

The influence of low temperature plasma oxidizing process on the 
bioactivity of NiTi shape memory alloy in terms of medical 
applications 
J. Witkowska, T.Borowski, A. Sowińska, E. Choińska, D. 
Moszczyńska, J. Morgiel, J. Sobiecki and T.Wierzchoń 

Mrs. Justyna Witkowska, 
Warsaw University of 
Technology, Poland 
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26 April 2023 

Plasma Tech Session I. B: Plasma fundamentals / Modelling / Atomic and Molecular Processes 

Conference Room Roma II 

Session’s Chairs: 
Prof. Ralf Peter Brinkmann, Ruhr-University Bochum, Germany 

Dr. Dirk Hegemann, Empa - Swiss Federal Laboratories for Materials Science and Technology, Switzerland 
Prof. Holger Kersten, University Kiel, Germany 

14:00 - 14:30 
Isolating and Quantifying the Reactions of Vibrationally Excited  
Molecules in Nonequilibrium Plasmas 
I. Adamovich 

Prof. Igor Adamovich, Ohio 
State University, USA 

14:30 - 15:00 
How relevant is charged-particle transport in global models? 
L.L. Alves and A. Tejero-del-Caz 

Prof. Luis L. Alves, Instituto 
Superior Técnico, Lisbon, 
Portugal 

15:00 - 15:30 
Calculation of Equilibrium Plasma Thermodynamics 
G. Colonna, A. D’Angola and A. Laricchiuta 

Dr. Gianpiero Colonna, 
CNR-ISTP-Bari, Italy 

15:30 - 16:00 
A Database of Transport Cross Sections for Planetary Atmospheres 
A. Laricchiuta, A. D’Angola, F. Pirani , M. Capitelli and G. Colonna 

Dr. Annarita Laricchiuta, 
National Research Council 
Bari, Italy 

16:00 - 16:30 Coffee Break / Posters Session - Mezzanine Area 

Session’s Chairs: 
Prof. Holger Kersten, University Kiel, Germany 

Dr. Annarita Laricchiuta, National Research Council Bari, Italy 
Dr. Gianpiero Colonna, CNR-ISTP-Bari, Italy 

16:30  - 17:00 
Development Process, Structure and Performance Parameters of 
a Shielded 433 MHz Plasma Jet with 600W 
H. Heuermann and St. Terbrack 

Prof. Holger Heuermann, 
FH Aachen University of 
Applied Sciences, Germany 

17:00  - 17:15 
Energetics of Reactions in a Dielectric Barrier Discharge with Argon 
Carrier Gas with Admixed Hydrofluoromethanes 
S. Watson, B. Nisol and M.R. Wertheimer 

Prof. Michael R. 
Wertheimer, Polytechnique 
Montréal, Canada 

17:15  - 17:30 
Electron emission yield of metals: in-situ cleaned and exposed to 
ambient atmosphere surfaces 
M. Belhaj and S. Dadouch 

Dr. Mohamed Belhaj, 
ONERA-DPHY, Toulouse, 
France 

17:30 - 17:45 
Modelling of electrostatic discharge inception conditions in 
presence of multipactor effect in HF spatial components 
Q. Peysson, P. Sarrailh, M. Belhaj, N. Fil and D. Payan 

Mr. Quentin Peysson, 
ONERA-DPHY- Toulouse, 
France 

17:45 - 18:00 
Thermal & Dielectric Breakdown Criterium for Low Voltage 
Switching Devices 
T. Merciris, M. Masquere, Y. Cressault and P. Petit 

Mr. Thomas Merciris, 
Schneider Electric, France 
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26 April 2023 

SICT 2023 / Tribology 2023 Joint Session I. C: Surface Engineering, Coatings and Tribology 

Conference Room Milão I + II 

Session’s Chairs: 
Prof. Auezhan Amanov, Sun Moon University, Rep. of Korea 

Prof. Ardian Morina, University of Leeds, UK 

14:00 - 14:30 
Importance of contact temperatures for tribology of polymer 
contacts 
M. Kalin 

Prof. Mitjan Kalin, 
University of Ljubljana, 
Slovenia 

14:30 - 14:45 

Metallurgical features and functional properties of NiW coatings 
deposited onto low alloyed steel  
D. Figuet, A. Billard, C. Savall, J. Creus and J-L. Grosseau-
Poussard 

Prof Jean-Luc Grosseau-
Poussard, La Rochelle 
University, France 

14:45 - 15:00 
Experimental investigations on wear performance of PVD hard 
coatings using Micro scratch testing method 
Maryam A. Zolbin and R. Aghababaei 

Ms. Maryam A. Zolbin, 
University, Aarhus, Denmark 

15:00 - 15:15 
Hard anodizing of diecast AlSi10MnMg alloys 
G. Scampone, A. Russo, R. Muzzani, A. Carminati and G. Timelli 

Ms. Giulia Scampone, 
University of Padova, Italy 

15:15 - 15:30 

Tribological Characteristics of Hybrid Thermally Sprayed Coatings 
using Graphene Family Nanomaterials 
D. Skaltsas, G.N. Rossopoulos, D. Giasafaki, P. Ioannou, D. 
Andreouli, C.I. Papadopoulos, C.I. Sarafoglou and I. 
Georgiopoulos 

Mr. Dimitrios Skaltsas, 
National Technical University 
of Athens, Greece 

15:30 - 15:45 
Tribological Behaviour of TiAlN and AlCrN coatings deposited over 
martensitic stainless steel 
E. L. Dalibon, A. J. Maskavizan and S.P. Brühl 

Dr. Eugenia L. Dalibon, 
UTN- FRCU, Argentina 

15:45 - 16:00 
Atomic-scale understanding of the amorphous/crystalline interface 
evolution in DLC/WC coatings via different quenching rates 
L. Ma, N. Nemati and R. Aghababaei 

Mr. Li Ma, Aarhus University, 
Denmark 

16:00 - 16:30 Coffee Break / Posters Session - Mezzanine Area 

Session’s Chairs: 
Prof. Mitjan Kalin, University of Ljubljana, Slovenia 

Prof Jean-Luc Grosseau-Poussard, La Rochelle University, France 
Prof. Ardian Morina, University of Leeds, UK 

16:30  - 16:45 
Fatigue behaviour of diamond-like carbon coatings with various 
adhesion layers 
J. Vetter, M. Günther, P. Hofmann, S. Grosse and S. Schmauder 

Mr. Joshua Vetter, Robert 
Bosch GmbH/ University of 
Stuttgart, Germany 

16:45  - 17:00 
Study of the application of DLC coating on cold stamping tools 
E. Barba 

Mr. Eneko Barba, Public 
University of Navarre, 
Pamplona, Spain 

17:00  - 17:15 

Wear reduction by application of silver coatings at 1850 m/s high 
speed electric sliding contacts  
C. Biethan, F. Alouahabi, F. Moitrier and M. Schneider 
 

Dr. Markus Schneider, 
French-German Research 
Institute of Saint-Louis, 
France 

17:15  - 17:30 

Investigate the microstructure and wear resistance of Fe3Al coating 
on GCI prepared by direct energy deposition 
H. Rajaei, S. Amirabdollahian, C. Menapace, G. Straffelini and S. 
Gialanella 

Mr. Hossein Rajaei, 
University of Trento, Italy 

17:30 - 17:45 

A Hybrid Graphene-Reinforced Copper-Matrix/Multilayer 
Composite Coating for High-Load and Environment-Resistant Solid 
Lubrication on Steel 
N. Savjani, S. Zhao, L. Fabbri, G. Paterakis, E. X. Johansson, G. 
Bartolini, V.O. Mercadillo, E. Piciollo, G. Anagnostopoulos, F. 
Bertocchi, A.M. Andersson, M.A. Bissett and I.A. Kinloch 

Dr. Nicky Savjani, the 
University of Manchester, UK 

17:45 - 18:00 
Characterization of mechanical and lubrication properties of Double 
network ion gels synthesized by a one-pot process 
H. Arafune, Y. Watarai, T. Kamijo, S. Honma and T. Sato 

Dr. Hiroyuki Arafune, 
National institute of 
technology, Tsuruoka 
College, Japan 
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18:00 - 18:15 

Micro-arc oxidation of hydrostatically extruded titanium in 
phosphate-based electrolytes 
L. Maj, F. Muhaffel, A. Jarzebska, A. Trelka, K. Trembecka, M. 
Kulczyk, A. Sulyok, H. Cimenoglu and M. Bieda 

Dr. Lukasz Maj, Institute of 
Metallurgy and Materials 
Science , Poland 

18:15 - 18:30 

Emission behavior and brake performance at mild and severe 
sliding conditions of a conventional cast iron disc and a cermet-
coated disc 
S. Candeo, F. Varriale, A.P. Nogueira, S. Gialanella and G. 
Straffelini 

Mr. Stefano Candeo, 
University of Trento, Italy 

18:30 - 18:45 
Tribological performance of doped-DLC coatings in the presence of 
functionalized copolymer 
T. Omiya, T Vuchkov, 3, A. Cavaleiro, J.F.J. Coelho and F. Ferreira  

Mr. Takeru Omiya, 
University of Coimbra, 
Portugal 
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27 April 2023 

SICT 2023 Session II. A: 
Surface and coatings Characterization / Properties 

Multifunctional composite and hybrid coatings 

Conference Room Roma I 

Session’s Chairs: 
Prof. Maude Jimenez, University of Lille, France 

Prof. Jon Otto Fossum, Norwegian University of Science and Technology, Norway 

09:00 - 09:30 
Nucleation and growth of intragranular acicular ferrite from the 
interface between NaCl-type particles and steels  
W. Mu 

Dr. Wangzhong Mu, KTH 
Royal Institute of Technology, 
Sweden 

09:30 - 09:45 

In situ study of the interlayer intercalation of 2-
mercaptobenzothiazole in layered double hydroxides directly 
grown on AA2024 alloy  
C. Neves, I. Sousa, A. Salak and J. Tedim 

Dr. Cristina Neves, 
University of Aveiro, Portugal 

09:45 - 10:00 
Evaluation of surface functionalization for improved adhesion be-
tween nitinol and thermoplastic polyurethane 
T. Schneiders and T. Gries 

Mr. Thomas Schneiders, 
RWTH Aachen University, 
Germany 

10:00 - 10:15 
Wetting and phase electrowetting as a probe for surface chemistry 
of hydrophobic materials. 
M.A. F. Figueroa, B. Manchon and M. Maillard 

Dr. Mathieu Maillard, Univ 
Lyon, France. 

10:15 - 10:30 

Study of the wettability texturing hydrophobic surfaces prepared 
with cross-linked hybrid solutions under UV 
I. Caldeira, B. Toury, C. Brylinski, V. Gâté, D. Turover and M. 
Maillard 

Mrs. Izabel Caldeira, Univ 
Lyon, France 

10:30 - 11:00 Coffee Break / Posters Session - Mezzanine Area 

Session’s Chairs: 
Prof. Maude Jimenez, University of Lille, France 

Dr. Wangzhong Mu, KTH Royal Institute of Technology, Sweden 
Prof. Jon Otto Fossum, Norwegian University of Science and Technology, Norway 

11:00 - 11:15 
Substrate controlled hydrophobicity of Y2O3 thin films  
J. Borowiec 

Dr. Joanna Borowiec, 
University College London, 
UK 

11:15 - 11:30 
Spreading Dynamics of Metal on Metal-on-Glass 
H. Taitelbaum 

Prof. Haim Taitelbaum, Bar-
Ilan University, Ramat-Gan, 
Israel 

11:30 – 11:45 
Elemental and chemical depth profiling of organic-coated steel 
strips 
D. Leidlmair, J. Duchoslav, G. Mayr, B. Strauß and D. Stifter 

Mr. Daniel Leidlmair, 
Johannes Kepler University- 
Linz, Austria 

11:45 - 12:00 
Analysis of Coatings by Glow Discharge Emission Spectroscopy: 
Light Elements 
Z. Weiss 

Dr. Zdenek Weiss, Institute of 
Physics of the Czech 
Academy of Sciences, Czech 
Republic 

12:00 - 12:15 

Ex situ Raman spectroelectrochemistry of IrO2 and Ir metal 
nanoparticles in as-deposited and electrochemically activated 
states 
A.K. Surca, L. Moriau, M. Bele, M.A. Nazrulla, A. Lončar, N. 
Hodnik 

Dr. Angelja K. Surca, 
National Institute of 
Chemistry, Ljubljana, 
Slovenia 

12:00 - 14:00 Lunch Break - Restaurante Rio de Janeiro 

Group Photo at 13:45 
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SICT 2023 / PlasmaTech 2023 Joint session II. B: 
Bio-interfaces, Biomedical / Bioactive surfaces and coatings  
Plasma applications for biology, medicine, and agriculture 

Session’s Chairs: 
Prof. Liutauras Marcinauskas, Lithuanian Energy Institute/ Kaunas University of Tech, Lithuania 

Dr. Ana Megía-Macías, Comillas Pontifical University, Spain 

14:00 - 14:30 
Design of new antimicrobial osseointegrated dental implants 
S. Carvalho 

Prof. Sandra Carvalho, 
University of Coimbra, 
Portugal 

14:30 - 15:00 
Drug Eluting Coatings to Enhance the Functionality of Implants  
M. Zilberman 

Prof. Meital Zilberman, Tel-
Aviv University, Israel 

15:00 - 15:30 
Fluid interfaces as platforms for understanding the interaction of 
pollutants with lipid barriers 
E. Guzmán 

Prof. Eduardo Guzman 
Solis, Complutense 
University of Madrid, Spain 

15:30 - 15:45 

Room vs. body temperature to evaluate electrical interface 
parameters of state-of-the-art PEDOT-PSS electrode for neural 
stimulation 
K. Cysewska  

Dr. Karolina Cysewska, 
Gdansk University of 
Technology, Poland 

15:45 - 16:00 

Plasma-deposited hydrophobic organosilicon coatings for 
sustainable leather in footwear applications 
C. Ruzafa-Silvestre, V.M. Serrano-Martínez and E. Orgilés-
Calpena. 

Mr. Carlos Ruzafa 
Silvestre, Footwear 
Technology Centre 
(INESCOP), Spain 

16:00 - 16:30 Coffee Break / Posters Session - Mezzanine Area 

Session’s Chairs: 
Prof. Eduardo Guzman Solis, Complutense University of Madrid, Spain 

Prof. Meital Zilberman, Tel-Aviv University, Israel 

16:30 - 17:00 

Plasma applications for smart and sustainable agriculture (PlAgri) 
with the emphasis on biotechnologies 
N. Puač, O. Jovanović, S. Živković, M. Milutinović, S. Jevremović, 
G. Malović and N. Škoro 

Dr. Nevena Puac, University 
of Belgrade, Serbia 

17:00  - 17:15 

Multifuncional transparent oxide thin films for photocatalytic and 
antimicrobial applications 
J.G. Cuadra, S. Molina-Prados, G. Mínguez-Vega, A.C. Estrada, 
T. Trindade, C. Oliveira, M.P. Seabra, J. Labrincha, S. Porcar, R. 
Cadena, D. Fraga and J.B. Carda 

Mr. Jaime González 
Cuadra, University Jaume I, 
Spain 

17:15  - 17:30 

In vitro Analysis of Plasma Activated Water: A Step Toward 
Effective Plasma Medicine 
A. Megía-Macías, O.D. Cortázar, , S. Moreno, A. Brun, Y.  
Ballesteros and E. Gómez-Casado 

Dr. Ana Megía-Macías, 
Comillas Pontifical 
University, Spain 

17:30  - 17:45 
A Step Forward in Ulcer Management: The Clinical Findings of Cold 
Plasma Therapy for Torpid Ulcers in Legs 
A. Megía-Macías, O.D. Cortázar and B. Hontanilla 

Dr. Daniel Cortázar, 
MEDICAL PLASMAS S.L, 
Spain 

17:45 - 18:00 

Treatment of microalgae by gliding arc plasma and pulsed electric 
field  
L. Marcinauskas, K. Jonynaitė, R. Uscila, A. Stirkė, Ž. 
Kavaliauskas, M. Aikas, S. Keršulis and V. Stankevič 

Prof. Liutauras 
Marcinauskas, Lithuanian 
Energy Institute/ Kaunas 
University of Tech, Lithuania 

18:00 - 18:15 
Cold Atmospheric Plasma treatment of in-vivo B16/F10 Melanoma 
cancer cells and the immunological responce 
A.S. Mashayekh ,S. Yin,  Z. Liu and K. Yan 

Mr. Amir Shahriar 
Mashayekh, Zhejiang 
University, China 

18:15 - 18:30 
Plasma Polymerized Nano particles: Synthesis, Diagnostics, and 
Bio-functionalization 
L. L. Haidar, M. M. M. Bilek and B. Akhavan 

Mrs. Laura Haidar, The 
University of Sydney, 
Australia 
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27 April 2023 

SICT 2023 / Plasma Tech 2023 Joint Session II. C: 
Plasma fundamentals / Modelling / Atomic and Molecular Processes 

Plasma Processing / Materials Interactions / Coatings 

Conference Room Roma II 

Session’s Chairs: 
Prof. Ralf Peter Brinkmann, Ruhr-University Bochum, Germany 

Dr. Dirk Hegemann, Empa - Swiss Federal Lab for Materials Science and Technology, Switzerland 
Dr. Tiago Silva, Instituto Superior Técnico- Lisbon, Portugal 

09:00 - 09:30 

Particle fluxes towards surfaces in plasma processing:                                   
Are probe diagnostcs still in vogue? 
H. Kersten, T. Trottenberg, L. Hansen, M. Klette, F. Schlichting, V. 
Schneider, A. Spethmann 

Prof. Holger Kersten, 
University Kiel, Germany 

09:30 - 09:45 
Studies in the sheath of an asymmetric CCP with an optically 
trapped microparticle 
V. Schneider, J. Schleitzer and H. Kersten 

Dr. Viktor Schneider, 
Christian-Albrechts Univ Kiel, 
Germany 

09:45 - 10:00 
Langmuir probe measurements in a dual-frequency capacitively 
coupled rf discharge 
J. Schleitzer, V. Schneider and H. Kersten 

Ms. Jessica Schleitzer, 
Christian-Albrechts 
University Kiel, Germany 

10:00 - 10:15 
Simulation of facility effects on magnetic nozzle expansions 
D. García-Lahuerta, M. Merino and E. Ahedo  

Mr. Diego García-Lahuerta, 
University Carlos III de 
Madrid, Spain 

10:15 - 10:30 
First Characterisation of a Dual ECR Thruster 
C. Boyé, J. Navarro and M. Merino 

Mr. Célian Boyé, University 
Carlos III de Madrid, Spain 

10:30 - 11:00 Coffee Break / Posters Session - Mezzanine Area 

Session’s Chairs: 
Prof. Ralf Peter Brinkmann, Ruhr-University Bochum, Germany 

Prof. Holger Kersten, University Kiel, Germany 
Dr. Tiago Silva, Instituto Superior Técnico- Lisbon, Portugal 

11:00 - 11:15 
Complex plasma with active Janus particles 
V. Nosenko 

Dr. Volodymyr Nosenko, 
German Aerospace Center 
DLR, Germany 

11:15 - 11:30 
Characterization and Modelling of Surface Plasma Devices 
S. Marín-Meana, G. Regodon-Harkness, A. Palmero, J. Cotrino, A. 
R. González-Elipe, A. Gómez-Ramírez and M. Oliva-Ramírez 

Mr. Servando Marin-Meana, 
Seville University, Spain. 

11:30 - 11:45 

Modeling and experimental characterization of the extraction of a 
focused broad ion beam from an inductively coupled plasma 
source. 
K.M. Rettig, T. Dunger, E. Loos, M. Nestler and J. Schuster 

Mr. Kevin M. Rettig, scia 
Systems GmbH, Germany 

11:45 - 12:00 
Modelling of an electric arc during contact separation. 
O. Ojeda Mena, Y. Cressault, P. Teulet and J. P. Gonnet 

Mr. Oswaldo El. Ojeda 
Mena, Paul Sabatier 
University-Toulouse, France. 

12:00 - 12:15 

Synthesis of High-entropy Alloy Nanoparticles by an Induction 
Thermal Plasma Jet 
K.S. Kim, M; Couillard, Z; Tang, H. Shin, D. Poitras, C. Cheng, O. 
Naboka, D. Ruth, M. Plunkett, L. Chen, M. Nganbe and Y. Zou 

Dr. Keun Su Kim, National 
Research Council Canada, 
Canada 

12:15 - 12:30 
Atmospheric-Pressure Nanosecond-Pulsed Plasma-Induced Free-
Radical Polymerization of HEMA Liquid Layers 
I. A. Goncalves, N. D. Boscher, D. Abessolo Ondo and R. Quintana 

Ms. Ingrid A. Gonçalves, 
Luxembourg Institute of 
Science and Technology, 
Luxembourg 

12:00 - 14:00 Lunch Break - Restaurante Rio de Janeiro 

Group Photo at 13:45 
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Session’s Chairs: 
Prof. Luís L. Alves, Instituto Superior Técnico- Lisbon, Portugal 

Dr. Gianpiero Colonna, CNR-ISTP-Bari, Italy 
Prof. Holger Heuermann, FH Aachen University of Applied Sciences, Germany 

14:00 - 14:15 

Large RF plasma data set for training plasma processing machine 
learning models 
A. Fierro, T. Hardin, A. Lietz, M. Hopkins, A. Belianinov and B. 
Bentz 

Prof. Andrew Fierro, 
University of New Mexico, 
USA 

14:15 - 14:30 

Preparation of ceramic composite coatings by combining cold-
spray deposition and plasma electrolytic oxidation  
J. Martin, A. Maizeray, C. Da Silva Tousch, G. Marcos, M.P. 
Planche, H. Liao, T. Czerwiec and G. Henrion 

Dr. Julien Martin, University 
of Lorraine- Nancy, France 

14:30 - 14:45 

New insights into the plasma electrolytic oxidation of aluminium with 
incorporation of carbon nanoparticles. 
C. Da Silva Tousch, L. Magniez, C. Czerwiec, J. Martin, G. 
Marcos, S. Fontana, C. Herold and G. Henrion 

Mr. Corentin Da Silva 
Tousch, University of 
Lorraine- Nancy, France 

14:45 - 15:00 
Development of a water repellent/anti-icing transparent plasma 
polymerized HMDSO coating 
R. Jafari, E. Eslami and G. Momen 

Mr. Reza Jafari, University of 
Quebec in Chicoutimi, 
Canada 

15:00 - 15:15 
Superhydrophobic bio-inspired stainless steel surfaces by coupling 
additive manufacturing and atmospheric pressure plasma coatings 
K. Dourgaparsad, D. Balloy, I-C. Gruescu and M. Jimenez 

Mr. Kevin Dourgaparsad, 
University of Lille, France 

15:15 - 15:30 

Multi-physics multi-scale modelling of SiO2 deposition by HC-
PECVD with O2/TMDSO mixture used as gaseous precursors 
J. Müller, P. Moskovkin, D. Cornil, K. Tomanková, A. Obrusník and 
S. Lucas 

Dr. Jérôme Müller, 
University of Namur, 
Belgium 

15:30 - 15:45 
Low pressure cold plasma treatment and coating of expanded 
polypropylene beads. 
M. Dilger, S. Bellayer, S. Duquesne and M. Jimenez 

Mr. Melvin Dilger, University 
of Lille, France 

15:45 - 16:00 
Reactive DCMS vs. Reactive HiTUS of TiNbVTaZrHf-Nx Coatings 
F. Lofaj, L. Kvetková, P. Hviščová, M. Kabátová, T. Roch and V. 
Girman 

Dr. Frantisek Lofaj, Institute 
of Materials Research of 
SAS, Slovakia 

16:00 - 16:30 Coffee Break / Posters Session - Mezzanine Area 

16:30 - 16:45 
Hard transparent oxides by High Power Impulse Magnetron 
Sputtering 
A.W. Oniszczuk ,W. Gajewski and P. Różański 

Dr. Anna Wiktoria 
Oniszczuk, TRUMPF 
Huettinger Sp. z o.o., Poland 

16:45 - 17:00 

Hot active plasma treatment of ZnMgAl corrosion protection 
coatings  
J. Duchoslav, D. Leidlmair, G. Säckl, M.Kehrer, T.Stehrer, 
C.K.Riener, M.Arndt and D. Stifter 

Dr. Jiri Duchoslav, 
Johannes Kepler University 
Linz, Austria 

17:00 - 17:15 
Plasma Etching of SiO2 Using Fluorinated Ethers with Low Global 
Warming Potential 
S. You and C. -K. Kim 

Prof. Chang-Koo Kim, Ajou 
University, Rep. of Korea 

17:15 - 17:30 

Role of low pressure plasma composition in ZnxMnyOz 
stoichiometry and electrochemical performances as Zinc-Ion 
Batteries cathode  
L. Bekkar, A. Lemarchand, C. Bazin, H. Perrot and M. Nikravech 

Mr. Lounis Hakim Bekkar, 
University Sorbonne Paris 
Nord, France 

17:30 - 17:45 

The effect of electrolytic-plasma hardening on the microstructure, 
mechanical and tribological properties of medium carbon steel 
B.K. Rakhadilov, D.R. Baizhan, L.G. Zhurerova, N.M. Magazov and 
N.E. Berdimuratov 

Mr. Nurtoleu Magazov, 
Sarsen Amanzholov East 
Kazakhstan University, 
Kazakhstan 
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27 April 2023 

Tribology 2023 Session II. D: 
Coatings and Surfaces Corrosion / Tribological Properties /  

Physics or Chemistry of Tribo-Surfaces/ Nanotribology 

Conference Room Milão I + II 

Session’s Chairs: 
Prof. Auezhan Amanov, Sun Moon University, Rep. of Korea 

Dr. Madhan K. Arumugam, King Fahd University of Petroleum and Minerals, Saudi Arabia 

09:00 - 09:30 

The application of a new Raman-based optical profilometry for 
understanding the governing factors of the tribofilm growth on a a-
C:H coating 
N. Xu and A. Morina 

Prof. Ardian Morina, 
University of Leeds, UK 

09:30 - 10:00 
Advancing solid interfaces and lubricants by first principles 
materials design 
M. Clelia Righi 

Prof. Maria Clelia Righi, 
University of Bologna, Italy 

10:00 - 10:30 
Surface Effect : a Key to Understand and Reduce Friction in 
Lubricated Contacts 
J. Cayer-Barrioz 

Prof. Juliette Cayer-Barrioz , 
Ecole centrale de Lyon-
CNRS, France 

10:30 - 11:00 Coffee Break / Posters Session - Mezzanine Area 

Session’s Chairs: 
Prof. Auezhan Amanov, Sun Moon University, Rep. of Korea 

11:00 - 11:30 
Modeling inelastic deformation in contact problems 
L. Nicola 

Prof. Lucia Nicola, University 
of Padova, Italy 

11:30 - 11:45 
Enhanced tribological properties of Ti-6Al-4V ELI alloy through 
combination of slide burnishing and low-temperature gas nitriding 
D. Toboła, J. Morgiel, Ł. Maj, A. Polkowska and A. Łętocha 

Dr. Daniel Tobola, 
Łukasiewicz Research 
Network/ Krakow Institute of 
Technology, Poland 

11:45 - 12:00 
Improving wear and corrosion resistance of a ta-C film by sealing 
surface with ALD TiO2 for biomedical applications 
G. Wu, J. Wu, A. Morina, N. Xu and L. Yang 

Dr. Guizhi Wu, University of 
Leeds, UK 

12:00 - 12:15 
Development of Corrosion and UV Resistant Fusion Bonded 
Epoxy Coatings on Steel components for offshore applications 
M. K. Arumugam 

Dr. Madhan K. Arumugam, 
King Fahd University of 
Petroleum and Minerals, 
Saudi Arabia 

12!15 - 12:30 
Use of the parallel and normal SVET vibration modes and data 
recollection for the direct investigation of corrosion processes 
J. Izquierdo, A. Abreu-García and R.M. Souto 

Dr. Javier Izquierdo Pérez, 
University of  Laguna, Spain  

12:00 - 14:00 Lunch Break - Restaurante Rio de Janeiro 

Group Photo at 13:45 

Session’s Chairs: 
Prof. Maria Clelia Righi, University of Bologna, Italy 

Prof. Juliette Cayer-Barrioz, Ecole centrale de Lyon-CNRS, France 

14:00 - 14:30 
Graphene derivatives as solid lubricant in polymer-tribology, 
Challenges and opportunities 
N. Emami and J. Somberg 

Prof. Nazanin Emami, Luleå 
University of Technology, 
Sweden 

14:30 - 14:45 

Investigation of Modification with GLYMO and Carbodiimide on 
Thermomechanical Properties of Two-Component Castor Oil 
Based Polyurethane Adhesives 
A. Yıldırım, N.K. Mermer and M.A. Özkan 

Ms. Arzu Yildirim, Kalekim 
Construction Chemicals Co, 
Turkey 

14:45 - 15:00 
Why Teflon is so slippery while other polymers are not 
H. Terwisscha-Dekker, B. Weber and D. Bonn 

Mr. Hans Terwisscha-
Dekker,  Uni. of Amsterdam, 
The Netherlands 

15:00 - 15:15 
Influence of different deterministic surface texturing processes on 
friction and tool life for load collectives in sheet metal forming 
P. Schumann, R. Lindner and P. Groche 

Mr. Philipp Schumann, TU 
Darmstadt, Germany 
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15:15 - 15:30 
Dedicated Hybrid Turbo GDI Engine with Low Friction Loss 
Q. Zhou 

Dr. Quanbao Zhou, 
Changan UK R&D Centre, 
UK 

15:30 - 15:45 
Nanoscale study of the growth of ZDDP tribofilm based on 
compression/shear stress 
K. Sato and S. Sasaki 

Mr. Kaisei Sato, Tokyo 
University of Science, Japan 

15:45 - 16:00 
Research on Pitting Fatigue Properties of Diamond-like Carbon 
Films under Pure Rolling Contacts 
K. Nakayama, S. Watanabe, A. Harada, K. Sato and S. Sasaki 

Mr. Kenya Nakayama, 
Tokyo University of Science, 
Japan 

16:00 - 16:30 Coffee Break / Posters Session - Mezzanine Area 

Session’s Chairs: 
Prof. Lucia Nicola, University of Padova, Italy 

Prof. Maria Clelia Righi, University of Bologna, Italy 

16:30  - 17:00 
LUBGEAR – Increased Lifetime of Gears under Loss of Lubrication 
L. Braumann 

Mr. Lorenz Braumann, 
Research, Advanced 
Drivetrain Technologies, 
Austria 

17:00 - 17:15 

Experimental approach to evaluate the fatigue life of DLC coating 
based on friction and continuous wear data 
M. Zellhofer, M. Jech, E. Badisch, F. Ditrói, A. Kübler and P. H. 
Mayrhofer 

Mr. Manuel Zellhofer, AC2T 
research GmbH, Austria 

17:15 - 17:30 
Measuring Rolling Friction of Microparticles using Lateral Force 
Microscopy 
S. Scherrer, S. N. Ramakrishna and L. Isa 

Mr. Simon Scherrer, ETH 
Zürich, Switzerland 

17:30 - 17:45 

Smart Lubrication Management of Rolling Bearings using a State-
Estimation-Based Control Strategy 
B. Mrak, B. Peremans, Y. Perremans, D. Fauconnier, Z. Tao and 
S. Schlimpert 

Dr Branimir Mrak, Flanders 
Make, Belgium 

17:45 - 18:00 
A mapping approach for the influence of the operating conditions 
on wheel-rail damage 
N. Zani, C. Petrogalli and A. Mazzù 

Dr. Nicola Zani, University of 
Brescia, Italy 

18:00 - 18:15 
Capabilities of multiphysics simulations for thrust bearings 
S. Cupillard 

Dr. Samuel Cupillard, 
Hydro-Québec research 
Institute, Canada 

18:15 - 18:30 
A Generalized Oval Equation for the Film Thickness Calculation of 
Journal Bearings Operating under Heavy EHL Regime 
G. N. Rossopoulos, I. Pervelis and C. I. Papadopoulos 

Mr. Georgios-Nikitas 
Rossopoulos, National 
Technical University of 
Athens, Greece 
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28 April 2023 

Tribology 2023 Session III. A: 
Lubricants and hydrodynamic lubrication / Biotribology 

Conference Room Roma I 

Session’s Chairs: 
Prof. Moises Garcia-Morales, University of Huelva, Spain 

Dr. Shouhei Kawada, Kansai University, Japan 
Mr. Lorenz Braumann, Advanced Drivetrain Technologies, Austria 

09:00 - 09:30 
Predicting total hip replacement wear: recent in-silico developmenst 
combining synovial lubrication and multibody dynamics. 
A. Ruggiero 

Prof. Alessandro Ruggiero, 
University of Salerno, Italy 

09:30 - 09:45 
In Situ Formation of Lubricious Phases in HIPIMS Deposited Mo-
W Doped Carbon Coatings in Boundary Lubrication Conditions  
P.E. Hovsepian and A.P. Ehiasarian 

Prof. Papken Hovsepian, 
Sheffield Hallam University, 
UK 

09:45 - 10:00 
Influence of Ionic Liquids Admixture on Electrorheological and 
Tribological Properties of PAO6 and GP1 Lubricating Oils 
T.J. Kaldonski, J. Juda, P. Wychowański and T. Kaldonski 

Dr.Tomasz J. Kaldonski,  
Military Univ. of Technology, 
Warsaw, Poland 

10: 00 - 10:30 Coffee Break / Posters Session - Mezzanine Area 

10:30  - 10:45 
Effects of Lubricant Viscosity on Rolling Contact Fatigue Damage 
of Bearing Steel 
R. Ohashi, A. Harada, Y. Yuhara, K. Sato and S. Sasaki 

Mr. Ryotaro Ohashi, Tokyo 
University of Science, Japan 

10:45 - 11:00 
Active Control of Friction Coefficient under Ionic Liquids Lubrication 
Using Surface Potential 
S. Kawada, S. Tanji, M. Miyatake and S. Sasaki 

Dr. Shouhei Kawada, 
Kansai University, Japan 

11:00 - 11:15 
Sustainable biolubricants based on recycled oils 
D. Márquez and L. Batlle 

Mr. Daniel Marquez, Leitat 
Technological Center, Spain 

11:15  - 11:30 

The influence of heuristic and ad-hoc choices on the determination 
of lubricant viscosities from equilibrium molecular dynamics 
simulations 
G. Toraman, T. Verstraelen and D. Fauconnier 

Ms. Gözdenur Toraman, 
Ghent University, Belgium 

11:30  - 11:45 
High-Fidelity Fluid-Structure Interaction Simulation of Elastohydro-
dynamically Lubricated Line Contact 
N. Delaissé, P. Havaej, D. Fauconnier and J . Degroote 

Mr. Nicolas Delaissé, Ghent 
University, Belgium 
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28 April 2023 

SICT 2023 Session III. B: 
Coatings for Energy and Environmental Applications 

Conference Room Roma II 

Session’s Chairs: 
Dr. Mikhail Gromov, Ghent University, Belgium 

Dr. Zdenek Weiss, Institute of Physics of the Czech Academy of Sciences, Czech Rep. 

08:30 - 09:00 
Plasma Etching of High Aspect Ratio Semiconductor Features: 
Challenges and Remedies 
F. Krüger, E. Litch, T. Piskin and M.J. Kushner 

Prof. Mark J. Kushner, 
University of Michigan, USA 

09:00 - 09:30 
Validation of non-equilibrium kinetics in CO2-N2 plasmas 
T. Silva, C. Fromentin, T. C. Dias, E. Baratte2=, O. Guaitella and 
V. Guerra 

Dr. Tiago Silva, Instituto 
Superior Técnico- Lisbon, 
Portugal 

09:30 - 09:45 

XPS analysis of ethylene-based encapsulants and damp heat 
aged fractured glass laminate surfaces 
G. Säckl, G. M. Wallner, J. Duchoslav, M. Tiefenthaler and D. 
Stifter 

Mr. Gary Säckl, Johannes 
Kepler University Linz, Austria 

09:45 - 10:00 

Hybrid polymer-liquid electrolytes for lithium-ion batteries: effect 
of porosity on the ionic and molecular mobility. 
M. Cattaruzza, Y. Fang, I. Furó, G. Lindbergh, F. Liu and M. 
Johansson 

Ms. Martina Cattaruzza, KTH 
Royal Institute of Technology, 
Sweden 

10:00 - 10:15 
Synthesis and Characterization of Low VOC Unsaturated 
Polyester Coatings for Electrical Insulation Applications 
K. Aksoy, S.Gümüş and A. Aytaç 

Dr. Kaan Aksoy, Betek Boya 
ve Kimya Sanayi A.Ş, Kocaeli, 
Turkey 

10:00 - 10:30 Coffee Break  - Mezzanine Area 

Plasma Tech 2023 Session III. C: 
Plasma application in Energy and environment 

Session’s Chairs: 
Dr. Tiago Silva, Instituto Superior Técnico- Lisbon, Portugal 

Prof. Mark J. Kushner, University of Michigan, USA 

10:30 - 11:00 

Plasma-Assisted Nitrogen Fixation in the Presence of Water 
M. Gromov, I. Sremački, K. Leonova, N. Kamarinopoulou, E. 
Vervloessem, N. Britun, P. Dimitrakellis, Y. Gorbanev, C. Leys, 
D. G. Vlachos, N. De Geyter, A. Bogaerts, R. Morent, R. Snyders 
and A. Nikiforov 

Dr. Mikhail Gromov, Ghent 
University, Belgium 

11:00 - 11:15 

CO2 neutral concrete and sustainable fuels and chemicals 
produced in a novel plasma-based process 
P. Roessner, S. Renninger, M. Lambarth, J. Stein, S. Kaufmann, 
V. Seithümmer, J. Hemmerling and K. P. Birke   

Mr. Paul Roessner, University 
of Stuttgart, Germany 

11:15 - 11:30 
Influence of Enthalpy Inhomogeneity on the CO2 Splitting 
Performance in a High-Power ICP 
H. Burghaus, C. F. Kaiser, S. Fasoulas and G. Herdrich 

Mr. Hendrik Burghaus, 
University of Stuttgart, 
Germany 

11:30 - 11:45 

Techno economic potential of plasma based CO2 splitting in 
power to liquid plants  
S.J. Kaufmann, S; Renninger, M; Lambarth, M; Raab, J; Stein, 
P; Roessner and K.P. Birke 

Mr. Samuel J. Kaufmann, 
University of Stuttgart, 
Germany 

11:45 - 12:00 

Utilizing the Power of Thermal Plasma Technology for the 
Electrification of the Chemical Industry 
S. Mirpour, D.C.M. van den Bekerom, Y. Creyghton and H. 
Linden 

Dr. Shahriar Mirpour, TNO- 
Geleen, The Netherlands 

12:00 - 12:15 

Plasmas reactors enabling the fossil-to-electric transition of 
industrial processes 
C. Winnewisser, S. Salem, G. Hintz, E. Mann and V. 
Ramopoulos 

Dr. Carsten Winnewisser 
TRUMPF,  Germany 
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SICT 2023 / PlasmaTech 2023 / Tribology 2023 Joint Conferences Posters 

N. Poster Title Author, Affiliation, Country 

1. 
Sensor-plasma coupling resistance: model and measurements in the 
Earth ionosphere 
E. Seran, S. Hess and M. Godefroy 

Dr. Elena Seran, Sorbonne 
University, Paris, France 

2. 
Hybrid plasma source with wireless power transmission system 
J-H. Kim, J-Y. Park and C-W. Chung 

Dr. Ju Ho Kim, Hanyang University, 
Rep. of Korea 

3. 
Non-transferred plasma torch modeling : methods and studies of the 
plasma properties with COMSOL  
A. Truilhé, Y. Cressault, F.Valensi and B.Chinè 

Mr. Antoine Truilhé, Paul Sabatier 
University, Toulouse, France 

4. 

Determination of Vibrational and Rotational Temperatures of a Non-
Equilibrium Nitrogen Atmospheric Pressure Plasma Torch dedicated 
for Surface Treatment by Optical Emission Spectroscopy and 
Diatomic Molecular Spectra Simulation. 
V.E.Solofondrakotroka, Y.Cressault, M.Masquère, R.Rakotosaona, 
V.Ramarozatovo and R.Ramanantsoa 

Mr. Vahatra E. Solofondrakotroka, 
Paul Sabatier University, Toulouse, 
France 

5. 
A 0D kinetic modelling of a DBD reactor in humid air 
G. Pierotti, A. Popoli and A. Cristofolini 

Mr. Giacomo Pierotti, University of 
Bologna, Italy 

6. 

Injection’s core moulds reusing through the degraded coating’s re-
moval by laser technology. 
R. Santos, I. Marcelino, T. Ferreira, L. Pereira, F. M. Costa and N. M. 
Ferreira 

Mr. Rodrigo Santos, University of 
Aveiro, Portugal 

7. 
Development of a smart PDMS icephobic coating using encapsulated  
phase change materials  
M. Shamhsiri, G.Momen and R.Jafari 

Prof. Gelareh Momen, University of 
Quebec at Chicoutimi, Canada 

8. 
Anodizing of AlSi10Mg alloy fabricated by LPBF 
A. Togni, M. F. Bonilauri, A. Bruera, G. Bolelli and L. Lusvarghi 

Mr. Alessandro Togni, University of 
Modena and Reggio Emilia, Italy 

9. 

Low-temperature gas and plasma nitriding on Inconel 718 produced 
by Laser-Powder Bed Fusion: effects on wear and corrosion 
resistance 
M.F. Bonilauri, L. Bortolotti, G. Bolelli, R. Bolzonella, O. Messe and 
L. Lusvarghi 

Mrs. Maria Francesca Bonilauri, 
University of Modena and Reggio 
Emilia, Italy 

10. 

A Low Friction and High Repetition Durability Sliding System based 
on Ionic Liquid Type Polymer Brushes Combined with a Molecularly 
Smooth Surface 
T. Kamijo, H. Arafune, T. Morinaga and T. Sato 

Dr. Toshio Kamijo, National Institute 
of Technology, Tsuruoka College, 
Japan 

11. 
Effects of Chemical Surface Modification on Diffusion Coefficients in 
Hierarchically Porous Media Through Multiscale Simulations 
U. Tallarek, D. Hlushkou, N. Trebel and A. Höltzel 

Prof Ulrich Tallarek, Philipps 
University, Marburg, Germany 

12. 
Effect of Chemial Surface Modification with Long Alkyl Chains on 
Surface Diffusion Properties: Chain Length vs. Ligand Density 
N. Trebel, J. Rybka, A. Höltzel and U. Tallarek 

Ms. Nicole Trebel, Philipps 
University, Marburg, Germany 

13. 
Obtaining of superhydrophobic surfaces by nanosecond laser ablation 
I; Urzica, C; Logofatu, A; Simon and C. Udrea 

Mrs. Iuliana Urzica, National Institute 
for Laser, Plasma and Radiation 
Physics, Romania 

14. 

Improving adhesion of vulcanised rubber by atmospheric plasma sur-
face treatment for the footwear industry 
V.M. Serrano-Martínez, C. Ruzafa-Silvestre, M.P. Carbonell-Blasco 
and E. Orgilés-Calpena. 

Mr. Víctor M. Serrano Martínez, 
Footwear Technology Centre 
(INESCOP), Spain 

15. 

Polymer Surface Characterization Improved by DCSBD Plasma 
Technique 
M. Pajtášová, S. Ďurišová, D. Ondrušová, P. Skalková, R. Janík and 
S. Brigantová 

Prof. Mariana Pajtášová, Faculty of 
Industrial Technologies- Púchov, 
Slovakia 

16. 

Plasma activation for the growth of titanium and titanium dioxide thin 
films. 
Y F Barragan, P A Tsygankov,FF Parada-Becerra, E A Orozco, Y Q 
Pacheco and C J Páez 

Mr. Yerson Fabian  B. Jimenez, 
Industrial Universiy Santander, 
Colombia 

17. 
Computational study and diagnostics of glow discharge plasma 
Y F Barraga, Y Q Pacheco, P A Tsygankov ,FF Parada-Becerra,E A 
Orozco  and C J Páez  

Mr. Yerson Fabian  B. Jimenez, 
Industrial Universiy Santander, 
Colombia 
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18. 

Tribological Assessment of SLM Fabricated Biomedical Steel After 
Pulsed Plasma Processing 
V. Efremenko, Yu. Chabak, I. Petryshynets, B. Efremenko, A. 
Lekatou and V. Zurnadzhy 

Prof. Vasily Efremenko, Pryazovskyi 
State Technical University, Ukraine 

19. 

Development of amorphous carbon hard mask with the high etch 
selectivity by addition of nitrogen for high aspect ratio patterning 
S. J. Park, K.-C. Shin, D. Kim, S. Y. Baek, J. Kim, J. Park, S. Roh, S. 
Kyung and C. Choi 

Dr. Sejun Park, Samsung Electronics, 
Rep of Korea 

20. 
Microwave Cold Atmospheric Pressure Plasma for Surface 
Preparation in Aerospace Composite Bonding 
K. Papangelis, A. Bennett, A. Prasad, Z. Huang and  D. Ayre 

Mr. Konstantinos Papangelis, 
ADTEC Europe LTD, UK 

21. 
Low Temperature Atmospheric Pressure Plasma Treatment for Mould 
Inactivation on Building Materials 
M. Domonkos, J. Jirešová, E. Lokajová and P. Tichá 

Dr. Mária Domonkos, Czech 
Technical University in Prague, Czech 
Republic 

22. 
Cleaning injection moulds through laser technology 
R. Santos, I. Marcelino, T. Ferreira, L. Pereira, F. M. Costa and N. M. 
Ferreira 

Dr. Nuno Ferreira, University of 
Aveiro, Portugal 

23. 
Modeling of the focusing system of an ion beam with the plasma lens 
Y.Q. Pacheco, Y F Barragan,F F Prada and P A Tsygankov 
 

Mrs. Yhonatan Pacheco, University 
industrial of Santander, Colombia 

24. 
Solar furnace synthesis of persistent luminescent strontium aluminate 
ceramic with improved luminescent properties 
V. Vitola and I. Bite 

Dr. Virginija Vitola, University of 
Latvia, Latvia 

25. 
Crystallographic quality and surface morphology of V2O3 thin films 
deposited on annealed sapphire surfaces 
U.B. Arnalds and K. Ignatova 

Prof. Unnar Arnalds, University of 
Iceland, Iceland 

26. 

Bio-degradation of Mechanical and Structural Materials Subjected to 
Mine Water Affected Environments. 
A.M. Sarmiento, J.M. Dávila, F. Macías, F. Córdoba, J.C. Fortes and 
J.A. Grande 

Dr. Aguasanta Sarmiento, University 
of Huelva, Spain 

27. 

Extrem Reduction of Tensile Concrete Strength Subjected to Mine 
Water Affected Environments. 
J.M. Dávila, A.M. Sarmiento, M. santisteban, A.T. Luís and J.A. 
Grande 

Dr. Jose M. Davila Martin, University 
of Huelva, Spain 

28. 
Development of Transparent, Scratch Resistant, and Hydrophobic 
Coatings for Aerospace Transparencies 
A. Kuban, Y. Okumus, N. Erdogan, B. Baytekin and H. Y. Ersan 

Mr. Anil Kuban, Turkish Aerospace, 
Turkey 

29. 
Effect of curring methods on the abrasive and corrosion wear 
resistance of organic coating systems 
I. Stojanović , I. Juraga , M. Kurtela ,  M. Logar and I. Fatović 

Ms. Mirta Logar, University of Zagreb, 
Croatia 

30. 
Effect of Nano Particles on Mechanical and Thermal Properties of 
Polyurethane Based Transparent Coatings 
Y.Okumuş, A. Kuban, S. Ağar and N. Erdoğan 

Dr. Yigitalp Okumus, Turkish 
Aerospace Industries Inc., Turkey 

31. 
Airborne Contamination Contribution to Nanoscale Friction of 
Graphene Surfaces 
F. Ptak, C. M. Almeida and R. Prioli 

Dr. Felipe Ptak, Weizmann Institute of 
Science, Israel 

32. 
Influence of steel and copper fibres in train brake friction materials on 
airborne wear particle emissions to the environment 
Y. Tsybrii, I. Zglobicka, M. Kuciej and O. Nosko 

Prof. Michal Kuciej, Bialystok 
University of Technology, Poland 

33. 

Cellulose Nanofiber Oleogels: A Target-Oriented Approach towards 
Environmental Preservation through Sustainable Lubrication 
C. Roman, M.A. Delgado, S.D. Fernández-Silva, M. García-Pérez and 
M. García-Morales 

Prof. Moises Garcia-Morales, 
University of Huelva, Spain 

34. 
Tribological Properties of Glycol-Based Deep-Eutectic Solvents  
C. Del Toro, M.D. Avilés, M.D. Bermúdez and F.J. Carrión-Vilches 

Dr. María Dolores Avilés, Technical 
University of Cartagena, Spain 

35. 

An approach on the potential application of a smart nanoclay-based 
biolubricant in electrified ball bearings 
S.D. Fernández-Silva, M. García-Morales, C. Roman, T. Amann , F. 
Gatti, A. Kailer and M.A. Delgado 

Prof. Miguel A. Delgado, University 
of Huelva, Spain 

36. 
Woven fabric abrasion resistance conditioned by weave, weft density 
and raw material composition 
I. Schwarz, S. Brnada, T. Bardov and A. Kalazic 

Prof. Ivana Schwarz, University of 
Zagreb, Croatia 
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37. 
Triboelectric Activation of Wood Surfaces by means of Wood 
Disintegration Processes 
LM. Leiter and R. Wimmer 

Ms. Lena M. Leiter, University of 
Natural Resources and Life Sciences 
Vienna, Austria 

38. 

Multilayer Chitosan/Lignin Nanocoating with Silver Nanoparticles for 
Antimicrobial Cotton 
M. Radetić, D. Marković, J. Petkovska, N. Mladenovic, M. Radoičić, 
N. A. Vest, B. Palen, J. C. Grunlan and I. Jordanov 

Prof. Maja Radetic, University of 
Belgrade, Serbia 

39. 
Carbon-based coatings on ureteral stents to prevent urinary 
infectionsS. Cruz, D.Santo, P. Pereira, D. Calheiros, L. Rodrigues, T. 
Gonçalves, A. Cavaleiro and S. Carvalho 

Dr. Sandra Cruz, Instituto Pedro 
Nunes, Portugal 

40. 
Inactivation of Spores and Mycelium of Aspergillus Brasiliensis by 
Non-Thermal Atmospheric Pressure Plasma 
P. Tichá, M. Domonkos, K. Zdeňková and P. Demo 

Dr. Petra Tichá, Czech Technical 
University in Prague, Czech Republic 

41. 
Optical limiting behavior of the DNA-based materials functionalized 
with natural dyes 
P. Gheorghe, A.M. Anton and A. Petris 

Mrs. Petronela Gheorghe, National 
Institute for Laser, Plasma and 
Radiation Physics, Romania 

42. 
Integration of capacitive sensors and LEDs into HPL boards.-
interactive surfaces 
F. Wirth and T. Volkmer 
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Functional Plasma Polymer Films – Optimization, Implementation 

and Application 
 

D. Hegemann 1,* 

1 Plasma & Coating, Empa - Swiss Federal Laboratories for Materials Science and Technology, 

St.Gallen, Switzerland 
 

Abstract: 

Plasma polymer films are deposited via reactive 

intermediate species as formed in a low 

temperature plasma. This type of plasma 

provides highly non-equilibrium conditions, 

meaning that the electrons gain high kinetic 

energies in elastic collisions with heavy particles 

that must be sufficient for ionizing reactions to 

sustain the plasma. For molecular gases, an 

average energy per heavy gas particle is thus 
available in the plasma, known as specific energy 

input (SEI), yielding plasma chemical reactions 

by inelastic collisions (excitation, dissociation, 

and ionization). Since the mean free path lengths 

for such activation reactions follow a distribution 

law yielding an energy distribution, the 

probability for the activation mechanism can be 

described by a simple Arrhenius-like equation, 

where temperature is replaced by SEI. The 

potential of this approach to optimize process 

conditions to deposit functional plasma polymer 

films is demonstrated on the basis of siloxanes, 

hydrocarbons and gaseous mixtures. 

Hexamethyldisiloxane (HMDSO) has been well 

studied in the past revealing insights into the 

plasma chemical reaction pathway, which can 

thus be used as a model monomer following 

Arrhenius-like behavior [1]. Since actual plasma 

polymer film growth also involves the sticking 

probability of the film-forming species that are 

converted in the plasma, this parameter becomes 

accessible by comparing, for example, plasma 

polymerization with different hydrocarbon 

molecules. It is demonstrated that C2H4 and C2H6 

approach the same chemical reaction pathway as 

observed for C2H2 for sufficiently high SEI. The 

sticking probability is also a key parameter when 

it comes to deposition in complex geometries 

such as textiles or scaffolds for tissue 

engineering. Therefore, deposition is 

investigated on substrates that are shielded from 

the direct plasma interaction such as in cavities 

and undercuts involving long-living radicals [2]. 

This purely plasma-chemical deposition shows 

further differences compared to direct plasma 

exposure, where ions are depositing their energy 

during film growth (Figure 1). 

Considering these differences, highly durable 

hydrophilic or hydrophobic coatings can be 

deposited on a variety of materials. Examples for 

process implementation are presented yielding 

technical applications such as cutlery baskets, 

filtration, and fiber-reinforced composites as well 

as biomedical applications. 

Keywords: plasma deposition, plasma 

chemistry, hydrophilization, hydrophobization, 

nanoporous films, near-surface hydration, 

technical and biomedical applications. 

 

Figure 1: While film growth directly exposed to 

the plasma is governed by highly reactive 

intermediates and energetic ions, shielded 

deposition is based on plasma chemistry 

involving longer living radicals. 

References: 

1. Hegemann, D., Gaiser, S. et al. (2021), 

Plasma polymerization of 

hexamethyldisiloxane: Revisited, Plasma 
Process. Polym., 18, e2000176 

2. Vandenbossche, M., Hegemann, D. et al. 

(2018), Formation of lateral chemical 

gradients in plasma polymer films shielded 

by an inclined mask, Plasma Process. 
Polym., 15, e1700185. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 2



Thermodynamic quasi-equilibria in high power magnetron discharges: 

A generalized Poisson-Boltzmann relation 
 

K. Köhn, D. Krüger, D. Eremin, L. Xu, R.P. Brinkmann 

Department of Electrical Engineering and Information Technology,  

Ruhr-University Bochum, Bochum, Germany 
 

Abstract: 

The Poisson-Boltzmann (PB) relation is a elliptic 

nonlinear partial differential equation to describe 

thermodynamic equilibria of conducting fluids.  

Via a quasi-thermodynamic variational principle 

using the balances of particle number, entropy, 

and electromagnetic enthalpy, it can be justified 

also for a class of unmagnetized technological  

plasmas far from thermodynamic equilibrium [1]. 

This study extends the variational principle and 
the resulting Poisson-Boltzmann relation to mag-

netized discharges as used in planar high power 

pulsed magnetron sputtering (HiPIMS).  

The example in focus is a planar high power 

circular magnetron. The discharge chamber and 

the  magnetic field are assumed to be 

axisymmetric. The dynamics need not share this 

symmetry.   The domain  is split into the 

ionization  region close to the cathode where 

electrons are confined, i.e., can escape from their 

magnetic field lines only by slow processes such 

as drift and diffusion, and the outer region where 

the electrons are free and the plasma is cold. With 

regard to the dynamics of the electrons and the 

electric field,   a distinction is made between a 

fast thermo-dnamic and a slow dissipative 

temporal regime. The variational principle 

derived for the thermodynamic regime is similar 

to its parallel for unmagnetized plasmas but 

accounts for magnetic confinement by treating 

the magnetic flux tubes as distinct 

thermodynamic units. The resulting solutions 

obey a generalized Poisson-Boltzmann relation; 

they are thermodynamic equilibria of the fast 

regime but must be interpreted as dissipative 

structures in the slow regime. The presented 

theoretical characterization of the dynamics of 

high power magnetrons is confirmed by 

experimental results published in the literature. 

Keywords: High power magnetron sputtering, 

technological plasmas, modeling and simulation 

of magnetized technological plasmas, theory, 

Poisson-Boltzmann (PB) relation. 

 

Figure 1: Cross section of a circular planar 

magnetron and its magnetic field topology (to 

scale), mounted in a cylindrical chamber (not to 

scale). The chamber wall and the anode (black) 

are at zero potential (grounded). The cathode 

(red),    the target (grey), and the target clamp 

(brown) are at negative potential. A further 

electrode (blue) is also on  fixed potential. 

Insulators (grey) separate the electrodes. The 

magnetic  field lines are shown in black; the  

field strength is indicated by the background 

color and by the dashed lines (in mT). The 

domain V is split into an ummagnetized region 

(green) and a magnetized region. The part of the 

latter which consists of  field lines from cathode 

to cathode forms the ionization region (yellow).  
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Development of a Portable Surface Modification Technology to 

Control the Tribological Properties of Al7075-T6 Alloy for Aerospace 

Applications 
 

A. Amanov 1* and Jun-Hyong Kim2 
1 Department of Mechanical Engineering, Sun Moon University, Asan, Korea 

2 DesignMecha Co. Ltd., Asan, Korea 
 

Abstract: 

Al7075-T6 alloy is one of the most commonly 

used aluminum alloys for highly stressed 

structural applications and has been extensively 

used in aircraft structural parts. Al7075-T6 alloy 

exhibited desirable mechanical properties such as 

high specific strength. However, the tribological 
properties and corrosion resistance have limited 

the application of Al7075-T6 alloy due to the 

unreachable parts that cannot be treated by 

existing surface peening technologies. Thus, a 

portable ultrasonic nanocrystal surface 

modification (UNSM) technology was 

developed to overcome these limitations. In this 

study, a newly developed high-frequency 

portable UNSM device was designed and 

manufactured. This technology is considered one 

of the surface severe plastic deformation (S2PD) 

methods [1]. The effect of this newly developed 

portable UNSM technology was experimentally 

assessed on surface properties such as roughness, 

hardness, residual stress, etc. Characterization of 

microstructure and the formation of the 

nanostructured surface layer were analyzed by 

electron backscattered diffraction (EBSD) and 

transmission electron microscope (TEM) to 

understand the hardening and grain refinement 

mechanisms as the holistic understanding of the 

microstructural evolution has the potential to 

allow tailoring of microstructures and properties. 

The tribological properties of Al7075-T6 alloy 

before and after portable UNSM treatment were 

evaluated using a ball-on-disc tribo tester under 

dry conditions. The results revealed the greater 

effectiveness of the portable UNSM technology 

in terms of improvements in surface and 

tribological properties, where the friction 

coefficient was reduced and the wear resistance 

was enhanced compared to the untreated Al7075-

T6 alloy. Figure 1 shows the SEM-EDX images 

of the wear track formed on the surface of the 

untreated and UNSM-treated specimens. It can 

be observed that the portable UNSM technology 

enhanced the wear resistance by forming a 

nanostructured surface layer with significantly 

increased hardness. The current research study 

provides a more comprehensive discussion of the 

relationship between the microstructural 

evolution and the tribological properties of 

Al7075-T6 alloy for aerospace applications. 

Hence, it is expected that the portable UNSM 

technology can be used as an alternative 

promising peening technology in the aviation 

industry.  

Keywords: Al7075-T6 alloy, portable surface 

modification technology, grain size, tribology, 

industrial applications. 

 

 
Figure 1: SEM-EDX images of the wear track 

formed on the surface of the untreated (a) and 

UNSM-treated (b) Al7075-T6 alloy.  
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Development of Nanolayered Thin Films for Joining Applications 
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Abstract: 

Developing new approaches for joining 

processes of advanced materials is crucial as 

these processes are responsible for the significant 

increase in the final price of the product and 
production challenges. The main problem to 

these processes is the need to use an external heat 

source to melt the base materials [1]. Even in the 

case of techniques that do not require the melting 

of base materials, the temperatures often induce 

phase transformations, structural modifications, 

and localized residual stresses. Brazing and 

solid-state diffusion bonding are the most 

suitable for promoting the successful bonding of 

advanced or dissimilar materials [2,3]. Joining 

processes assisted by multilayer thin films as 

interlayers may be an approach to conventional 

techniques to overcome the problems presented 

by them. This research shows the reliability of 

Ni/Me multilayer thin films (Me = Al or Ti) with 

total thickness close to 3 µm and modulation 

periods (bilayer thickness, ) between 12 and 50 

nm in diffusion bonding of different metallic 

materials. Figure 1 shows a brigth field 

transmission electron microscopy image of Ni/Al 

multilayer with 30 nm modulation period. The 

nanolayered thin films are deposited onto the 

base materials by magnetron sputtering from two 

targets. The power applied to each target is 

selected to obtain near equiatomic average 

chemical composition, while the period is 
adjusted by varying the substrates’ rotation 

speed. The nanometric character of these 

interlayers can promote the increase of 

diffusivity through the interface, leading to 

decreased processing conditions. In addition, the 

possibility of using multilayer nanometric 

reactive multilayers as interlayers has the great 

advantage that they can be used as an additional 

heat source because of the ability to react in an 

exothermic and self-sustaining way after ignition 

by a power pulse. To date, reactive multilayer-

assisted bonding processes have been successful 

in the similar and dissimilar bonding of metallic 

materials, especially titanium alloys, steel, and 

nickel superalloys 

Recently, this approach was extended to 

ceramic/metal joining, and Ti-6Al-4V and Al2O3 
base materials were bonded using Ni/Al 

multilayer thin films. 

Keywords: TiAl alloys, nanolayers, diffusion 

bonding, aerospace applications. 

 

Figure 1: Brigth field transmission electron 

microscopy image of Ni/Al multilayer with 30 

nm modulation period.  
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Clay mineral nanosheets suspended in water give bright and 

noniridescent structural colors 
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Abstract: 

Structural colors originate by constructive 

interference following reflection and scattering 

of light from nano-structures with periodicity 

comparable to visible light wavelengths. Bright 

and noniridescent structural colorations are 

highly desirable. Recently, we demonstrated that 

bright noniridescence structural coloration can 

be easily and rapidly achieved from suspended 
two-dimensional nanosheets of a clay mineral. 

We showed that brightness is enormously 

improved by using double clay nanosheets, thus 

optimizing the clay refractive index that 

otherwise hampers structural coloration from 

such systems. Intralayer distances, and thus the 

structural colors, can be precisely and 

reproducibly controlled by clay concentration 

and ionic strength independently, and 

noniridescence is readily and effortlessly 

obtained in this system. Embedding such clay-

designed nanosheets in recyclable solid matrices 

could provide tunable vivid coloration and 

mechanical strength and stability at the same 

time, thus opening a pre-viously unknown venue 

for sustainable structural coloration. 

Keywords: structural colors, nanosheets, clay 

minerals 

 

Figure 1: Figure illustrating structural coloration 

from interference due to clay mineral DBLs, 

including a dark background in principle similar 

to forinstance peakcock feathers, that are bright 

on fron side and dark on back side. 
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Molecular Layer Deposition – Versatile Tool for High Performance 

CNT-Polymer Composites 
 

R. Yerushalmi1,* 

1 Institute of Chemistry, The Hebrew University of Jerusalem, Jerusalem, Israel 
 

Abstract: 

Composite materials such as carbon nanotube 

(CNT) reinforced polymer composites are of 

great interest due to their potentially high 

strength-to-weight ratio compared with 

traditional materials. In addition, these materials 

exhibit exceptional thermal and electrical 

properties. One of the key challenges preventing 

full realization of their extensive potential in a 

wide range of applications is originating from the 

very same property that makes those materials so 
attractive – the CNT Csp2-Csp2 network. In 

order to make CNTs compatible with polymer 

matrices in the context of reinforced composite 

materials the surface properties of the CNTs must 

be adjusted. However, such surface modification 

typically results in compromising the pristine 

CNT Csp2-Csp2 network leading to an impasse. 

To overcome this fundamental limitation, we 

have developed a novel vapor-phase approach 

using combined Atomic & Molecular Layer 

Deposition (M/ALD) allowing molecular-level 

precision tailoring of CNT interfaces while 

minimizing the undesired effects. 

We address these challenges by combining 

surface engineering with M/ALD vapor 

phase chemistry, featuring a balance between 

non-covalent interactions and covalent 

interactions with the polymer matrix in one 

integrated process. Utilizing atomic and 

molecular layer deposition vapor phase 

chemistry allows fine-tuning of final 

physical properties and enables the design of 

high performance CNT reinforced-polymer 

composites. The application of a combined 

M/ALD methodology is widely applicable to 

engineer the CNT-polymer interphase with 

high level control over surface interactions. 

This may pave a way to systematically 

develop and utilize high CNT loading 

composites as well as other nano reinforced 

composite systems showing both high 

strength and toughness as well as numerous 

other desirable properties related to nano 

materials composites in general. 

Keywords: CNT, ALD, MLD, composite 

materials, surface chemistry. 

 

Figure 1: Figure illustrating the fundamental 

question that we are tempting to solve 

experimentally: what is the importance of silica 

surface modification nanoporous silica-based 

sol-gel glasses prepared from functionalized 

organosilane precursors on the parameters 

affecting the conformation, biological activity 

and functionality of encapsulated biomolecules. 
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Controling porosity of adsorbed polymeric overlayers: Monte Carlo 

simulations of the Ullmann coupling of halogenated PAHs 
 

P. Szabelski 1,*, J. Lisiecki 1 

1 Department of Theoretical Chemistry, Maria Curie-Skłodowska University, Lublin, Poland 
 

Abstract: 

Controlled synthesis of low-dimensional 

structures on surfaces has been important to 

fabrication of molecular materials with unique 

physicochemical properties. A promising method 

in this field has been the surface-assisted self-

assembly based on metal-ligand coordination, 

often followed by further covalent 

polymerization of adsorbed intermediate 

structures. In this contribution we demonstrate 

how theoretical methods such the Monte Carlo 
simulations can be effectively used to predict 

structure formation in metal-organic precursor 

assemblies on crystalline substrates. To that end 

selected results of calculations performed for 

halogenated (poly)aromatic building blocks 

differing in size, shape and intramolecular 

distribution of active centers are discussed. These 

findings show the wide possibility of directing 

the self-assembly towards 2D porous networks 

with diverse periodicity, connectivity and 

porosity. Our theoretical investigations provide 

also useful insight into the formation of metal-

organic precursors of  the on-surface Ullmann 

coupling of halogenated polyaromatic 

monomers. The obtained set of molecular 

structures can be a practical guide for designing 

new polymeric networks with tailorable 

structural features and functions. 

Keywords: on-surface polymerization, 

adsorption, polyaromatic hydrocarbons, Ullmann 

coupling, metal-organic precursors, Monte Carlo 

simulations, structure formation, 2D porous 

networks 

 

Figure 1: Fragment of the theoretically predicted 

metal-organic porous network comprising 

molecules of 1,3,6,7-tetrahalogenated 

anthracene and bivalent metal atoms adsorbed on 

a model (111) crystalline surface. 
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Revealing atomic-scale phase transition in epitaxial VO2 thin films 
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Abstract: 

VO2 films exhibit promising applications in 

switching devices, memristors and 

optoelectronics. This research contributes to 

understanding of the relationship between atomic 

structure/interfaces and phase transformation in 

VO2 thin films. Unravelling the atomic structures 

and interfaces of VO2 thin films can shed light on 

the evolution of structural and electrical 

properties in these functional coatings. Due to the 
coexistence of the heavy and light elements in 

these films, the atomic resolution imaging of both 

vanadium and oxygen atoms is not possible using 

standard transmission electron microscopy. This 

barrier has been removed by employing a state of 

art imaging technique in aberration corrected 

scanning transmission electron microscopy 

(STEM), namely integrated differential phase 

contrast (iDPC), while simultaneously also 

utilizing high-angle annular dark field (HAADF) 

imaging. 

In this study, we developed an electron 

microscopy-based methodology to identify and 

quantify the complex phases present during the 

metal-insulator transition (MIT) in epitaxially-

grown VO2 thin films on TiO2 substrates. 

Keywords: VO2 thin films, metal-insulator 

transition (MIT), electron microscopy, STEM 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The high resolution atomic scale 

(iDPC) imaging of tetragonal to monoclinc 

phase transition in VO2 thin films on TiO2 

substartes where both V and O atomic columns 

are imaged simultaneously. 
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Abstract: 

This work aims at designing bio-based flame 

retardant self-stratifying coatings for railway 

applications. This process provides a 

multifunctional coating in one application 

step, offering an alternative to conventional 

multi-layer coating process as it meets 

current environmental and industrial 

constraints, such as reduction of waste 

production, electricity consumption and cost. 

In this study, self-stratifying coatings based 

on different bio-based epoxy and silicone 

resins were designed. The main parameters 

influencing the stratification process were 

investigated and revealed that the nature, 

surface energy and polarity of the resins, as 

well as the solvent volatility, curing 

temperature and nature of the cross-linking 

agent have an impact on the degree of 

stratification. Flame retardant agents were 

incorporated in the formulations without 

affecting the stratification. Finally, a 

comparative Life Cycle Assessment was 

carried out to quantify the environmental 

impact of the self-stratifying process using 

bio-based resins compared to the 

conventional oil-based multilayer process 

Keywords: self-stratifying coating, flame 

retardancy, functional property, eco-efficient, 
environmental impact, life cycle analysis 

 

 

 

 

Figure 1: Cross-section cryo-electron SEM 

picture of a bio-based epoxy/silicone resin 

coating 
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Abstract: 

Hydrogen may play a major role in the current and 

future challenges of environmental and energy 

problems. Unfortunately, 95% of H2 is currently 

produced from fossil fuels, as “grey” hydrogen, 

associated with the generation of large amounts of 

CO2. [1] Photoelectrochemical (PEC) water 

splitting represents a viable and sustainable 

technology for “green” hydrogen generation. PEC 

cells require photoelectrodes capable of light 

harvesting and charge carrier generation. 

Electrodes coated with thin films of a suitable 

semiconductor material are usually employed for 

this application. [2] Several earth-abundant, 

semiconductive metal oxides are being studied for 

PEC water splitting. Among them, CuFeO2 

exhibits good potential as a photo-cathode material 

due to its suitable band gap energy (1.5 eV) and 

high conductivity. [3] Cost-efficient manufacturing 

of high-quality photoactive CuFeO2 cathode layers 

is one of the requirements to enable the 

industrialization of the PEC water splitting 

technology. Recently, the Aerosol Deposition 

(AD) process has been studied for this purpose, 

since it offers several advantages compared to 

traditional processes: high deposition rates, low 

cost, and no phase transformation in the deposited 

material. To better understand material adhesion 

and coating building up mechanisms of Aerosol 

deposited CuFeO2 films, the first part of this study 
investigates the effect of several process 

parameters on the quality of CuFeO2 coatings 

sprayed on AISI 304 stainless steel plates. In the 
second part, AD process parameters are optimized 

to obtain thin CuFeO2 films (≈400 μm) on FTO-

glass substrates, suitable for PEC applications. The 

feedstock powder was synthesized by a solid-state 

reaction, starting from two powder precursors 

(hematite and cuprite), milled down to different 

size distributions, and subsequently sprayed by 

AD. The chemical and phase composition and the 

microstructure of powders and coatings were 

investigated by X-ray diffraction, Raman 

spectroscopy and SEM+EDX. PEC properties 

were analysed by UV-Vis spectroscopy, cyclic  

voltammetry and current-amperometry. A window 

of deposition was developed for CuFeO2 thick 

coatings on steel, and tailored parameters allowed 

to obtain suitably thin and homogeneous films for 

PEC (Figure 1). Aerosol deposited CuFeO2 thin 

films showed promising optical properties and the 

ability to produce photocurrent, if preliminarily 

annealed in air. However, their performances are 

still limited by poor charge transport properties and 

degradation under reductive conditions, thus 

further optimization will be needed. 

Keywords: hydrogen generation, CuFeO2, aerosol 

deposition, water splitting, photocurrent 
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Figure 1: SEM micrograph showing the cross-

section (prepared by FIB) of a thin AD CuFeO2 

coating on FTO-coated glass substrate 
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Superhydrophobic candle soot-coated PDMS surfaces replicated from 

leek leaves  
 

S. M. Mirmohammadi, H. Daghigh Shirazi, S. Franssila, J. Vapaavuori, V. Jokinen 

Department of Chemistry and Materials Science, Aalto University, Espoo, Finland 

 

Abstract: 

Superhydrophobic (SHB) surfaces are 

characterized by high water contact angles (CAs 

> 150°) and low sliding angles (SAs < 10°) for 

droplets in the microliter range [1,2]. There are 

numerous examples of superhydrophobicity in 

nature, such as butterfly wings, lotus leaves, and 

rose petals. 

SHB surfaces have been fabricated by coating a 

structured surface with low surface energy 

materials or creating hierarchical micro-to-

nanoscale topography. Fabrication of dual micro-

nano scale hierarchical structures can be done by 

several methods, e.g., replication. Polymer 

replication is a simple method for fabricating 

topographical surfaces of 

hydrophobic/superhydrophobic materials [1,2]. 

Natural surfaces like plant leaves or rough metal 

surfaces can be used as master molds, and 

polymers like polydimethylsiloxane (PDMS) and 

polyurethane (PU) can be used as replica 

materials. These polymer replica surfaces are 

usually in Wenzel state with high sliding angles; 

however, they show high static contact angles 

[1]. There has been growing interest in carbon 

nanoparticles (CNPs) obtained from candle soot 

(CS) due to their facile and low-cost fabrication 

in multifunctional coatings. As a hydrophobic 

particle with low surface energy, candle soot can 

be used to achieve hierarchical structures to 

fabricate superhydrophobic surfaces [3]. 

In this work, we introduce a simple and low-cost 

method to fabricate superhydrophobic 

PDMS/candle soot surfaces by mimicking the 

surface morphology of leek leaves. We have 

developed both the PDMS replication molding 

and soot coating processes to obtain wetting 

properties as close as possible to the original leaf. 

CS depositing on the final structure or negative 

mold by various methods, e.g., spray coating, has 

been tested. Our final surface structures comprise 

multiple size scales from tens of nanometers to 

tens of micrometers obtained by replication and 

candle soot deposition (Figure 1a-c). Leek was 

chosen as a master mold due to its availability, 

low price, and anisotropy in wettability which 

means there is a difference in water contact 

angles and sliding angles between the across and 

along directions of the leek leaves (Figure 1d). 

Leek leaf selection, dried vs. non-dried leaf, has 

also been studied. 

Keywords: Superhydrophobicity, PDMS, candle 

soot, replication, leek leaf, anisotropy. 

 

Figure 1: Micrographs show replication of leek 

surface morphology into PDMS: (a) leek leaf, (b) 

positive PDMS replica, and (c) PDMS/CS 

replica. (d) Digital photographs of leek leaf and 

PDMS replica displaying water contact angle > 

150°. 
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bioactivity of NiTi shape memory alloy in terms of medical applications 
 

Justyna Witkowska1, Tomasz Borowski1, Agnieszka Sowińska2, Emilia Choińska1, Dorota Moszczyńska1, 

Jerzy Morgiel3, Jerzy Sobiecki1, Tadeusz Wierzchoń1 

 
1Warsaw University of Technology, Faculty of Materials Science and Engineering, Warsaw, Poland 

 2 Pathology Department, Children’s Memorial Health Institute, Warsaw, Poland 
3 Institute of Metallurgy and Materials Science of the Polish Academy of Sciences, Krakow, Poland 

 

Abstract: 

NiTi alloy with a near-equiatomic chemical 

composition belongs to the new group of so-called 

‘smart materials’ and is increasingly used in 

medicine due to its unique properties, like shape 

memory and superelasticity [1,2]. 

Our previous studies have shown that the 
improvement of corrosion resistance, 

biocompatibility and the reduction of the release of 

nickel ions into the biological environment can be 

achieved through the use of glow discharge 

treatment processes conducted at low-temperature 

plasma [3,4].  However, the chemical bioactivity of 

the layers formed in glow discharge processes,  

understood as the ability to biomimetic deposition 

of calcium phosphates, in particular hydroxyapatite, 

is not well understood [5]. This is an extremely 

important aspect in the potential use of a shape 

memory alloy for the production of bone implants 

for long-term use, because better bioactivity 

translates into faster osseointegration of the implant 

with the patient's bone. 

Therefore, in this work, we describe the effect of the 

glow discharge oxidation process conducted at low-

temperature plasma on the bioactivity of the NiTi 

shape memory alloy. We also present the properties 

of produced surface layers, such as structure (with 

the use of  TEM observations), surface morphology 

(with the use of SEM observations), chemical and 

phase composition (with the use of EDS and XRD 

measurments) and wettability (with the use of 

optical gonimeter), as well as the biological 

response of osteoblasts and platelets to the surface 

oxidized in comparison with the NiTi alloy in the 

initial state. The proposed surface modification of 

NiTi shape memory alloy by oxidizing conducted at 

low-temperature plasma resulted in the formation of 

a continuous nanometer-thick layer of 

nanocrystalline titanium oxide TiO2 (rutile). The 

obtained results indicated that oxidized layer 

increases the bioactivity of the shape memory alloy, 

which was verified by the spontaneous biomimetic 

growth of apatite deposits from simulated body fluid 

(SBF) solution, which occurred faster on the 

modified surface compared to the initial state. The 

appearance of hydroxyapatite among the calcium 

phosphates present in the biomimetic layer 

produced in vitro indicates a potential better 

bioactivity also in vivo, as the SBF solution used 

resembles both the composition and pH of human 

body fluids. Better proliferation of osteoblasts on 

the modified surface was also demonstrated, as well 

as greater adhesion and activation of platelets 
derived from platelet-rich plasma (PRP).  

The proposed surface modification can be a way to 

increase the biocompatibility and bioactivity of the 

NiTi shape memory alloy in the aspect of long-term 

use bone implants. 

Keywords: NiTi shape memory alloys, glow 

discharge oxidizing, biocompatibility, bioactivity, 

osseointegration 
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Isolating and Quantifying the Reactions of Vibrationally Excited  

Molecules in Nonequilibrium Plasmas 
 

Igor V. Adamovich 

1 Department of Mechanical and Aerospace Engineering, Ohio State University, Columbus, OH, USA 
 

Abstract: 

Nonequilibrium plasmas generated by a 

superposition of a ns pulse train and a sub-

breakdown RF waveform are used to study the 

effect of vibrationally excited N2 and CO2 

molecules on the plasma chemical reactions. The 

combined ns pulse / sub-breakdown RF 

waveform generates a diffuse plasma between 

two parallel plate, dielectric-covered electrodes. 

The ionization is generated by the ns pulse train, 

and additional energy is coupled to the plasma by 
the RF waveform. The plasma parameters are 

characterized by the measurements of the electric 

field during the ns pulses and the RF “bursts”, by 

ps Electric Field Induced Second Harmonic 

(EFISH) generation. The measurements are made 

in the bulk of the plasma and in the sheaths. The 

reduced RF electric field in the sheaths is 

significantly higher compared to that in the 

plasma, exceeding 100 Td. However, kinetic 

modeling indicates that the electron impact 

ionization in the sheaths is largely ineffective, 

due to the low electron density. Peak reduced RF 

electric field in the plasma ranges from 10 to 40 

Td, indicating the efficient vibrational excitation 

of N2 by electron impact. This is confirmed by 

the measurements of N2 vibrational populations 

by measured by Coherent Anti-Stokes Raman 

Scattering (CARS), which exhibit significant 

vibrational excitation enhancement by the RF 

waveform (see Fig. 1). This suggests that the 

“hybrid” ns pulse / RF plasmas can be used for 

the selective vibrational excitation of molecular 

species, such as N2, CO2, CO, and H2. This 

approach has been used to study the CO2 

dissociation kinetics in CO2-N2 mixtures, and the 

plasma-catalytic ammonia generation in N2-H2 

mixtures. Time-resolved vibrational populations 

of CO2 and CO, translational-rotational 

temperature, and CO yield are measured by mid-

IR, tunable Quantum Cascade Laser (QCL) 

Absorption Spectroscopy. The NH3 yield is 

measured by FTIR absorption spectroscopy. The 

results are used to isolate the effect of the targeted 

vibrational excitation of N2 and CO2, 

respectively, on the process yield. 

Keywords: Ns pulse discharge, RF discharge, 

electric field, vibrational excitation, plasma 

chemical reactions. 

Figure 1: Broadband N2 CARS spectra 

measured at the end of a 100-pulse ns discharge 

burst, without (a) and with (b) RF voltage 

applied between the pulses, compared to the best 

fit CARSFT synthetic spectra. Nitrogen, P=100 

torr. Inferred N2 vibrational temperatures and 

translational rotational temperatures labeled in 

the plots. 

(a) 

 

Ns pulses only: 

Tv=1650 K, T=307 K 

(b) 

 

Ns + RF: 

Tv
 
=2760 K, T=414 K 

v=0 

v=4 
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How relevant is charged-particle transport in global models ? 

 

L.L. Alves1,*, A. Tejero-del-Caz1,2 

 
1 Instituto de Plasmas e Fusão Nuclear, Instituto Superior Técnico, Univ. Lisboa, Lisboa, Portugal 

2 Departamento de Física, Facultad de Ciencias, Univ. Córdoba, Córdoba, Spain 
 

Abstract: 

Global (zero-dimensional) models are very 

popular in the study of low-temperature plasmas 

(LTPs), especially when the focus is on plasma 

chemistry [1]. Unfortunately, and despite 

proposals in the literature to consider space-

dependent phenomena in global models [2], the 

transport of species (in particular charged 

particles) is still often neglected and/or not 

discussed in global models. 

In this lecture we analyse the influence of 
different charged-particle transport models on 

the global modelling of LTPs. The simulations 

use the LisbOn KInetics (LoKI) simulation tool 

[3,4], calculating the charged-particle loss 

frequency due to transport with various 

formulations, categorized into two large groups: 

ambipolar-based and h-factor transport models. 

The models are applied to the description of (i) a 

DC discharge in oxygen (as example of an 

electronegative multi-ion plasma), at low to 

intermediate pressures; (ii) a microwave 

discharge in helium (as example of an 

electropositive multi-ion plasma), from low to 

atmospheric pressures. In both cases, we adopt 

validated kinetic schemes as reference [5-7]. 

Results show that using different charged-

particle transport models can result in 

uncertainties of 20-60% and 8-115% in the 

discharge characteristics of oxygen (see figure 1) 

and helium, respectively, with larger dispersion 

at low pressure and low electron density. The 

spreading in the results is observed also in the 

densities of the main plasma species. Since 

transport accounts for more than 50% of total 

charge losses, this mechanism should always be 
part of the quantitative sensitivity analysis of a 

kinetic scheme, considering several models 

according to the positive/negative ion features 

and the low/high pressure conditions considered. 

Keywords: low-temperature plasmas, charged-

particle transport, global model, kinetic scheme, 

LoKI. 

 

Figure 1: Discharge characteristics in oxygen, 

for DC discharges with 1 cm radius at 10 mA 

current. Points: measured values; bands: regions 

of values calculated adopting various charged-

particle transport models. 
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Abstract: 

The thermodynamic characterization of thermal 

plasma is a fundamental aspect in many fields, 

such as high-pressure plasma torches, LIBS 

(Laser induced Breakdown Spectroscopy), 

lightning physics and so on. Different aspects 

must be considered to determine equilibrium 

quantities. In this paper, we will describe the 

approach implemented in the code EquilTheTA 

[1], a web tool to calculate equilibrium 

composition and the corresponding 

thermodynamic and transport properties of a 

plasma. The tool is based on the statistical 

physics of gases, accessing to an accurate core 

database of single species internal levels [2]. The 

tool includes ortho-para separation, important at 

low temperature for light molecules such as H2 

(and isotopologues) and O2. For atomic species, 

multiply ionized atoms are included and to cope 

with the divergence of the internal partition 

function, the number of levels, limited according 

to the Fermi and Griem cutoff criteria [2], is 

calculated self-consistently with the 

composition. The tool has been used also to 

investigate plasma in high density conditions [3], 

when also the internal structure of the atoms is 

influenced by the electron density. In these 

conditions, quantum effects become important 

and the Fermi-Dirac distribution must be used for 

the electron gas [4]. To reduce the size of the core 

database a general expression, based on the 

lumped level approach [4], allows to accurately 

determine the internal thermodynamic properties 

of species in a wide temperature range. To 

determine the composition of complex plasmas a 

novel algorithm has been included, finding one 
reaction equilibrium, consisting in finding the 

root of a polynomial, in each step, up to 

convergence. The possibility of using analytical 

solution for polynomials up to fourth degree 

speedup the convergence.  

Keywords: Thermal Plasmas, Equilibrium 

Calculation, Non-Ideal Corrections. 

 

Figure 1: Isentropic coefficient of the SiC/Air 

mixture for different vlues of =SiCO2 (s 

molar fraction of sth species) [5].  
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Abstract: 

The new impulse to the solar system exploration, 

testified by the planned NASA missions to the Ice 

Giants [1], i.e. Neptune and Uranus, is triggering 

the theoretical activity on the modeling of the 

hypersonic entry in the planets’ atmospheres. In this 

context it is relevant to characterize the 

thermodynamics and transport properties of the 

plasma formed in the shock layer, also accounting 

on the role of chemical species ablated from the 

carbon phenolic thermal protection systems. 

For the accurate estimation of thermodynamic 

properties and transport coefficients, here the web-

access tool EquilTheTA (EQUILibrium for plasma 

THErmodynamics and Transport Applications) [2] 

is exploited. The tool, stable and reliable in wide 

temperature and pressure ranges, derives the 

quantities from core databases of atomic and 

molecular energy levels and collision integrals, in 

the frame of the classical theory of statistical 

thermodynamics and the Chapman-Enskog theory, 

respectively.  

The creation of a complete database of transport 

cross sections for binary heavy-particle interactions 

in complex mixtures including large number of 

species has been successfully tackled adopting a 

hybrid approach [3] that combines the traditional 

multi-potential with the phenomenological 
approach [4]. In the multi-potential approach, the 

effective collision integrals for a given interaction 

results from the averaging procedure of terms 

corresponding to each allowed interaction between 

the two colliding partners, while the 

phenomenological approach is very attractive, 

allowing the derivation of complete and consistent 

datasets of collision integrals for any interaction, 

estimating the interaction potential on a physically 

sound basis. In fact, the average interaction is 

modeled by an Improved Lennard Jones (ILJ) 

potential, whose features (depth and position of the 

well) are derived by correlation formulas given in 

terms of fundamental physical properties of 

interacting partners (dipole polarizability, charge, 

number of electrons effective in polarization). 

These approaches, combined with the asymptotic 

approach for the estimation of the resonant charge-

exchange contribution to odd-order collision 

integrals, represent a powerful strategy to extend 

the collision integral database. 

The transport cross sections for the matrix of binary 

interactions involving chemical species  relevant to 

the H2/He/C/H system are derived, including 

molecules, molecular ions, neutral and ionized 

atoms, so as to fully describe the low temperature, 

dissociative and ionization regimes of the plasma. 

Keywords:transport properties, hybrid approach, 

collision integrals, planetary atmospheres. 

 

Figure 1: Sketch of the approach in the creation of 

the core database of EquilTheTA. 
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Development Process, Structure and Performance Parameters of a 

Shielded 433 MHz Plasma Jet with 600W 
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Abstract: 

Plasma jets were mainly operated by AC signal 

down to the lower MHz range and used for 

surface activation up to welding processes. In the 

meantime, plasma jets have been introduced to 

the market in the GHz range, which in many 

respects also compete with lasers, [1]. In this 

paper, a plasma jet is presented which is placed 

between these two classes. This 433 MHz plasma 

jet was developed in a similar way as the GHz 

jets are developed, [2]. Except for the work of the 

research group [3], the authors are not aware of 

any other work on 433 MHz plasma jets. 

First, it is shown how a high voltage is 

constructed for automatic ignition using internal 

coaxial line components. In order to be able to 

guarantee power matching for operation also via 

the same unit, this must be accomplished at a 

slightly different frequency. So that this 

frequency change can take place a semiconductor 

amplifier is needed for the operation. In addition, 

it is necessary to measure the plasma at 433 MHz 

and full power (600 W), which requires the use 

of a hot-S-parameter, which was specially built 

for this plasma jet development. Based on a 

plasma modeling regarding the spatially 

distributed electrical conductivity, the matching 

elements for the operation were developed. 

However, the ignition network is affected in this 

process. Therefore, simulation optimizations for 

both operating points and the optimum operating 

frequencies are to be carried out in further work. 

For legal approval reasons, the continuous 

operation should be at 433 MHz. 

Due to the large plasma achieved, it was 
necessary to shield this plasma, as otherwise this 

jet would radiate too much energy and endanger 

the users. The generated plasmas and 

applications of these 433 MHz plasmas complete 

this article. 

Keywords: Plasma jet, torch, athmosphere 

plasma, chamber plasma, hot-S-parameter, 

plasma modelling, high voltage generation, 

plasma matching, activation, plasma treatment  

 

Figure 1: Complex reflexion results of the  

plasma jet in the frequency band from 415-450 

MHz at an input power of 0.1, 200, and 300 W. 

 

Figure 2: Illustration of the 433 MHz plasma jet 

at an input power of 600 W (diameter of the 

shielding is 64mm). 
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Abstract: 

The method we have developed for 

understanding energetic exchanges between 

organic precursor molecules and argon (Ar) 

carrier gas in a pilot-scale dielectric barrier 

discharge (DBD) reactor has by now achieved 

much proven merit. This presentation focuses on 

a series of hydro-fluoromethane molecules, 

CHxFy (0 ≤ x ≤ 4; y = 4 - x), precursors that were 

mixed in ‰ concentrations with 10 slm of Ar in 

a 20 kHz, 8 kV (peak-to-peak) DBD; for each 

compound, Em, the energy absorbed per 

molecule, was plotted as a function of precursor 

flow rate. Beside determination of Em from 

precise electrical measurements, we have used 

optical emission spectroscopy (OES) as a 

diagnostic of the plasma’s physico-chemistry in 

the gas-phase. The influence of precursors’ 

chemical structures has also been investigated by 

depositing thin plasma polymer coatings, for 

which we measured deposition rates and water 

contact angles; these have been convincingly 

correlated with Em values and XPS analyses.   

 
Figure 1: Plots of Em versus 1/Fd for the five 

CHxFy molecules used in this research. 

Characteristics of particular interest, namely the 

values of (Em)max and of the initial slopes,  [d(Em 

)/d(Fd)], will be discussed in detail. 

Keywords: Dielectric Barrier Discharge, 
Energetics, Fragmentation, Polymerization 

 

Figure 2: Optical emission spectra of Ar/CHxFy 

mixture DBD plasmas. Different colors, 

corresponding to specific cases, highlight the 

main spectral features that served for 

diagnostics. 
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Electron emission yield of metals: in-situ cleaned and exposed to 
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Abstract: 

The total electron emission yield (TEEY) 

measure the number of secondary and 

backscattered electrons emitted from a surface 

when it is bombarded by incident electrons. 

Technical metallic materials, such as those used 

in electronic components, RF hardware, 

spacecraft, and particle accelerators, typically 

have generally a higher TEEY than pure, cleaned 

surface materials. This is because technical 

materials often have surface contaminants, such 
as oxides and hydroxides, that can modify the 

transport of secondary electrons undergoing 

emission. In contrast, pure, cleaned surface 

materials have fewer contaminants and therefore 

a lower total electron emission yield. For 

instance, we found that the TEEY yield of 

aluminum exposed to ambient conditions for 

more than four years is about 2.5, while that of an 

in-situ ion cleaned surface is about 1. In this 

situation, choosing the appropriate dataset for a 

specific application may induce a high error 

margin that should be quantified. For this 

purpose, we have measured the TEEY of four 

metallic surfaces that were in-situ argon cleaned: 

aluminum, copper, gold, and silver, as well as 

their counterparts that were exposed to the 

ambient atmosphere for an extended period. The 

results were fitted using a TEEY model, and the 

possible error amplitude on the TEEY according 

to the material environment and application will 

be discussed. A strategy for choosing the 

appropriate TEEY among those of the in-situ 

cleaned surface and the surface exposed to the 

ambient environment, depending on the 

application and the material environment, will 

also be discussed.  

Keywords: electron impact, secondary electron, 

surface contamination 

 

Figure 1: Total electron emission yield of long 

time exposed 99.99 aluminum foil to ambient 

atmosphere compared to that in situ cleaned 

aluminum 99.99 with argon sputtering. The data 

is extracted from Thomas Gineste Thesis 
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Abstract: 

The payload of satellites, especially 

telecommunications, uses High-Frequency (HF) 

components and high power. In vacuum, these 

components can be subject to the multipactor 

effect which is likely to create a degradation of 

the component performances and partial or 

complete deterioration. More generally, the 

multipactor risk is also present in all the HF 

devices that operate under vacuum conditions, as 
for example, in particle accelerators and nuclear 

fusion reactors. 

The multipactor effect occurs at a certain power 

HF threshold for a given frequency and 

geometry. It is a resonating electron avalanche 

phenomenon coming from the electron emission 

of the HF component and the acceleration of 

these electrons by the HF wave.  With the 

increase of the number of channels and the 

transmitted power densities of HF components, it 

is then necessary to improve our understanding 

in the physical phenomena involved and the 

related power threshold.  

Today the multipactor effect is well described for 

metallic waveguide and simple geometries. Its 

study remains difficult with HF components 

using dielectric materials that are usually used to 

reduce the RF payload weight . The dynamic of 

the multipaor phenomenon is affected by the 

presence of the dielectric able to charge under an 

electron flux. The charging dynamic  occurs in 

the same time scale as the electron 

synchronization with the RF field and the 

multiplication by secondary emission on the 

surfaces1.  In this situation, this initial multipactor 

effect can results in a self-extinction of the 

phenomena (as presented in Figure 1) or 

degenerate into a corona discharge or into an 

electrostatic discharge enhanced by the HF field. 

The aim of this work is to predict the conditions 

resulting into these different phenomena. 

We present simulations results of the multipactor 

effect in the presence of dielectric using a new 

module developed in an open source software, 

SPIS (Spacecraft Plasma Interaction System)2.  

The effect of the initial electrostatic charge of  

dielectrics on the multipactor dynamic is 

presented. We will point different cases that 

could potentially lead to corona or electrostatic 

discharge following the multipactor. For 

example, figure 1 presents the temporal evolution 

of elctron volumic density and dielectric surface 

potential in a metal-dielectric wave guide. A self-

extinction of multipactor is occurring . This self-

extinction occurs only in presence of dielectric. It 

is caused by the fact that the electron avalanche 

is inhibited by the increase of the electrostatic 

charge of the dielectric. In other situations, a 
space charge saturation is observed. Even in the 

case of a multipactor extinction, we observe a 

residual surface potential that remains. It is 

probable that this residual charge can produce an 

electrostatic discharge.  

Keywords: Particle in Cell, Multipactor, 

dielectric, ESD 

 

Figure 1: Impact of dielectric charging on 

multipactor dynamic. Electron cloud density (in 

blue) is first raising with dielectric surface 

potential (in red) before the electrostatic field 

becomes important enough to inhibate the 
multipactor. 
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Abstract: 

The goal of an AC switching device is to cut an. 

electric arc (created during the opening phase of 

the contacts) at the current zero phase. Criticals 

parameters which influence the performance of a 

switching device are well known : The plasma 

temperature rate of cooling down [1], the 

electrical characteristic of the arc (current – 

voltage) and the rise rate of the Transient 

Recovery Voltage (TRV) [2]. 
In order to simulate the thermal extinction of the 

arc and to obtain qualitative data on the processes 

responsible of this phenomenon, a 1D MHD fluid 

model in the air was developed and coupled to an 

external electric circuit. Figure 1 represents the 

influence of the plasma radius on the extinction 

states (case of a wall-stabilized arc with 

temperature boundary condition of 300K).  

After thermal extinction, the dielectric strength 

of the hot air was estimated using the Bolsig+ 

software [3] and the critical electric fields 

method [4] according a temperature profile 

obtained beforehand from MHD simulation. The 

influence of copper and silver vapors was 

investigated on the thermal and dielectric part of 

the simulation with various current intensities 

(from 100A to 1kA). 

Finally, simulated dielectric strengths and 

experimental values were compared in the case 

of two separating silver contacts [5]. The 

preliminary results indicate the dielectric 

strength after hundreds of microseconds is the 

same order of magnitude than experimentally 

found. 

 

 
 

 
Figure 1: Evolution of different characteristics 

(Current – Voltage – Conductance – Maximum 

Température) vs time, close to the current zero 

phase, for a 300A-AC arc in air, obtained from a 

1D radial MHD simulation with different plamsa 

radii  

Keywords: MHD Simulation, dielectric 

recovery, Bolsig+, silver vapors, copper vapors, 

breakers, electric arcs 
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Importance of contact temperatures for tribology of polymer contacts 
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Abstract: 

The use of polymer materials has grown rapidly 

in many engineering applications e.g. gears and 

bearings because they are light in weight, have 

good corrosion resistance, excellent tribological 

properties and can often operate without 

lubrication. In particular, small dimensions 

polymer gears are often used in automotive 

applications for various actuators due to their low 

weight. However, when compared to metals, 

polymers are much more sensitive to temperature 

changes due to poorer thermal resistance and also 

their thermal isolating properties. This is the 

reason why tribological contacts involving 

polymers experience higher contact temperatures 

due to the frictional heat, which affects their 

tribological behaviour by causing their softening 

or even melting [1,2]. 

We show inthis work examples of thermal effects 

on tribological behaviour of steel/polymer 

contacts, which are often used in applications just 

because of the heat-sink property of steel 

counterbody. An empirical method with several 

parameters weas developed to anticipate the 

tribological behaviour and risk of thermal 

degradation of polymer in such contacts. 

Moreover, a ready-to-use contact temperature 

model was developed that very well simulate the 

contact temperatures in steel/polymer contacts, 

focused primarily on the contacts typical for pin-

on-disc tests that are often studied in polymer 

materials research. The model facilitates 

understanding the tribological behaviour 

ofpolymer/steel contacts, as well as enables 

prediction of contact temperatures in such 

contacts. 

Keywords: polymer, steel, contact temperature 

 

Figure 1: High thermal load in polymer contacts 

affects the behaviour dramatically and may 

cause degradation of materials. 
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Abstract: 

Nanocrystalline nickel-tungsten coatings are 

being investigated as an eventual alternative to 

hard chromium coatings. However, their 

functional properties are still onto discussion. 

The aim of the present approach is to better 

understand the influence of the microstructural 

states on both mechanical characteristics and 

wear properties of such materials and to compare 

two deposition methods. Nickel-tungsten 
coatings are elaborated by direct currents 

electrodeposition (ED) through an experimental 

procedure described in [1]. Magnetron sputtering 

technique (PVD) is also used to deposit nickel-

tungsten coatings with a wider range of tungsten 

composition [2]. Ni based coatings are 

characterized by several techniques in order to 

access to their metallurgical state (composition 

and contamination, grains size, texture, 

morphology, rugosity, ...). It is only afterwards 

that mechanical experiments (hardness, 

adhesion, friction and wear) are performed to 

correlate the metallurgical features to the 

durability of the materials. 

The nature of the chemical contaminations, and 

the solute content are the main effects that drive 

the grain size of the coatings (both for ED and 

PVD). In consequence, the hardness increases 

with the tungsten content up to 12 at. %, which 

corresponds to the solubility limit in nickel. 

However, hardness is higher for the PVD 

coatings, due to a contamination by argon during 

the sputtering process. The hardness evolution 

holds the Hall and Petch relation up to a grain 

size around 20 nm. Below, hardness tends to 

stabilize. 

Tribology and micro-scratch tests were able to 

demonstrate a correlation between friction, wear 

and metallurgical parameters. Ni based coatings 

show several domains of friction and different 

types of wear, depending on the tungsten 

concentration. High tungsten content generate 

few debris and so the lowest wear volumes. Some 

oxidized products are also formed on the surface 

due to the heating of two bodies in friction. The 

metallurgical evolution is investigated thanks to 

analytical tools (Raman spectroscopy, EDS, 

SEM, ...). All these data implicate several friction 

and wear mechanisms and so, allow to link them 

to metallurgical features, e.g. some plastic 

deformation is observed under the damaged 

surface which is able to locally modify the 

microstructure in relation with the different 

friction domains. 

Finally, NiW 15 at.% coating appears as a good 

candidate for being an alternative to hard 

chromium. 

Keywords: adhesion and abrasion resistance; 

electrodeposition; hardness and modulus; 

microstructure; nanocrystalline alloys; Ni–

W; sputtering.  

 

 

 

 

 

 

 

 

Figure 1: Figure illustrating the influence of 

tungsten addition on the mechanical durability of 

the coatings. SEM cross section views of the 

scratchs after progressive loading. The SEM 

images correspond to a final load at 30N, for 2 

electrodeposited coatings (ED) : a) Ni ; b) NiW 
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Experimental investigations on wear performance of PVD hard 

coatings using Micro scratch testing method 
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Abstract 

PVD hard coatings are using increasingly on 

components and tools for improving the 

performance in different severe situation of 

wear and abrasion. An experimental method 

based on micro scratch testing and visual 

observation is used to evaluate the wear 

performance of two hard coatings of CrN and 

TiAlN obtained from PVD magnetron 

sputtering process deposited on stainless steel 

304 substrates. This experimental investigation 

is devoted to the analysis of the influence of 

coating’s thickness on several micro 

mechanical parameters including fracture 

toughness, scratch hardness, plastic 

deformation resistance and wear coefficient in 

which the samples are investigated over several 

ranges of coating thicknesses. The samples 

were characterized in terms of their thickness, 

chemical composition and fracture patterns 

after scratching by scanning electron 

microscopy. Fracture patterns and critical 

failure points, which arise during scratch testing 

have also been classified and discussed in order 

to, better understanding of wear performance of 

coatings. The results show that the coating’s 

thickness has a great impact on the micro 

mechanical properties determination of the 

coatings while the coating thickness 

requirement for the test specimen is to ensure 

that all measurements are done before buckling 

happens. Based on the experimental results of 

coatings, it is predicted that TiAlN hard coating 

with 3 µm thickness to be the best promising 

candidate for better wear performance under 

the conditions of intensive wear and abrasion 

problems. 

Keywords:  Wear performance, Scratch 

testing, Micro mechanical properties, hard 

coatings, PVD magnetron sputtering. 
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Abstract: 

The current requirement to produce lightweight 

and electrically insulated castings is leading to 

the request of diecast and anodized Al alloy 

components. Due to the high content of alloying 

elements, the diecasting alloys are difficult to 

anodize, and further research is needed to deeply 

understand their behavior during this treatment. 
The present work is aimed to study the hard 

anodizing response of an industrial diecast 

component produced by AlSi10MnMg alloy 

(Figure 1). The castings were anodized at -4.5 or 

+5°C in a sulfuric acid electrolyte. The 

morphology and the thickness of the anodic layer 

were characterized using metallographic and 

image analysis techniques. Abrasion and scratch 

tests were carried out to investigate the influence 

of anodizing parameters on the surface 

mechanical properties. The wear track and the 

wear mechanisms were studied by means of 

scanning electron microscopy. The influence of 

the initial substrate microstructure on the growth 

of the anodic layer was discussed in detail. It was 

shown that thicker anodic layer increases the 

wear resistance, while the scratch resistance is 

mainly affected by the surface roughness. 

Keywords: anodizing; Al alloy; high-pressure 

die casting; wear; microstructure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The illustration represents the 

questions that guided the development of the 

present work. Specifically, these questions 

concern the morphological and mechanical 

characterization of the anodic layer formed on a 

diecast AlSi10MnMg alloy after hard anodizing. 
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Abstract: 

The progressive degradation, due to wear and 

corrosion, of engineering components eventually 

leads to loss of their operational efficiency and 

reduction of their lifetime [1]. Sub-optimal 

performance of critical rotating and/or contact 

components such as bearings, seals, shafts, 

pistons, and barrels influence the reliability of 

major industrial parts. Most frequently failure of 

such components is associated with friction, 

which becomes more intense when sufficient 

lubrication is not properly maintained. 

Numerous methods have been proposed for 

reducing friction and wear of mechanical 

components, such as surface modification, 

lubrication improvements and mechanical design. 

Currently, lubricating oil additives, such as 

carbon nanotubes or lubricant microcapsules, 

have gained considerable research interest [2]. 

The study of self-lubricant coatings is a rapidly 

developing research field that is expected to 

address major issues arising from operation 

under high loads and thermal stresses of machine 

parts. It is of utmost importance that various 

critical tribological pairs such as crankshaft 

bearings, piston rings, etc. maintain their 

integrity, thus contributing to the engines 

efficient and reliable operation for long periods 

of time. Therefore, a choice of high-strength 

metals is required, with special treatments and/or 

coatings in combination with sufficient 

lubrication. 

The current study investigates the tribological 

characteristics, namely wear rate and friction 

coefficient, of a number of different Co-based 

coatings, which have solid (carbon nanotubes) or 

liquid (microcapsules) lubricant additives. The 

proposed coatings are proven to have better 

tribological properties than both specimens with 

plain coating (no additives) and plain steel. The 

feedstock materials chemical composition along 

with the thermal spray parameters during 

coatings deposition are correlated with their 

respective friction coefficient and wear rate. 

Dynamic measurements are collected, utilizing 

the BRUKER UMT-3SYS Tribometer, and more 

particularly in reciprocating motion module. In 

the experimental test rig, a prototype setup was 

designed and 3D-printed on an iSLA300 to 

support the moving components enabling 

simulations similar to the piston motion. The 

developed coatings hybrid behavior is studied. 

The metal (e.g Mo, Co-based) alloys anti-wear 

performance along with the promoted lubrication 

conditions during operation is revealed. All three 

categories of coatings (plain coating, coating 

with carbon nanotubes, and coating with 

lubricant microcapsule) are shown to have a 

significant decrease of friction and 

corresponding wear rate, with respect to the plain 

specimen (steel). 

Keywords: Self Lubrication, Thermal Spraying, 

Carbon Nanotubes, Lubricant Microcapsules, 

Hybrid Coatings, UMT Tribometer 
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Abstract: 

Martensitic stainless steels are exposed to 

different wear mechanisms when used in 

multiple applications. In order to improve the 

surface properties, several treatments or coatings 

can be used.  

Nitride coatings have high hardness, wear and 
erosion resistance. The addition of aluminium to 

binary nitrides increases their corrosion 

resistance and improves their tribological 

performance [1,2]. TiAlN and AlCrN coatings 

are widely used in applications that require high 

stress resistance, for example, cutting and 

forming tools and moulds for metal and plastic 

processing, automotive parts and precision 

components. Furthermore, these coatings can be 

used to improve the tribological properties of 

machine parts in general. 

In this work, the tribological behaviour of PVD 

TiAlN and AlCrN coatings deposited on AISI 

martensitic stainless steel is studied. The coatings 

were deposited by cathodic arc PVD in Oerlikon 

Balzers Argentina. 

The microstructure of the coatings was analized 

by OM, SEM and DRX. The nanohardness was 

measured by nanoindentation. The pin on disk 

tests, according to G99 standard, were performed 

using 5 N and 10 N, 500 m and alumina balls as 

counterparts. The abrasive wear tests were 

carried out according to ASTM G65. The 

adhesion was evaluated using Rockwell C 

Indentation and Scratch Test. 

The thickness reached approximately 3 µm in 

both coatings. The wear volume loss was twenty 

five times lower for the AlCrN than the TiAlN in 

pin on disk tests, under low and high loads, and 

the steady friction coefficient value was also 

lower. This indicated that the AlCrN coating has 

better performance under sliding conditions. 

However, the mass loss was similar for both 

coatings under abrasive wear. In the scratch tests, 

the TiAlN coating failed under less load than the 

AlCrN, which would indicate lower critical load. 

Nevertheless, deformation was greater for AlCrN 

than TiAlN coating as can be observed in Figure 

1 and it was measured by a mechanical 

perfilometer. This could suggest that the fracture 

toughness was higher for the latter under the 

same load.  

 

 
Figure 1: Optical micrographs of scratch tests 

tracks under 85 N for both coatings.  

Keywords: TiAlN, CrAlN coatings, tribological 

behaviour.  
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Abstract: 

Mechanical properties of amorphous/crystalline 

nanoscale multilayer coatings are to a large 

extent governed by the number of interfaces and 

their characteristics. The current understanding 

of the degradation of multilayered nanofilms, the 

mechanical properties of coating decrease again 

when the thickness is reduced below a certain 

critical value [1],  is that component intermixing 

already occurs during the thin film and annealing 

process [2, 3]. Here, the structure and mechanical 
properties of amorphous-crystalline multilayered 

nanofilms are studied in an atomistic model of 

the diamond–like carbon (DLC) amorphous 

layers with the hexagonal close-packed 

Tungensten-Caribide (WC) crystalline layers. 

We report that the degree of intermixing of the 

amorphous-crystalline interfaces (ACIs) 

decreases with the increase of the quenching time 

after DLC and WC layers merge together. The 

centrosymmetry parameter (CSP) is used to 

characterize the degree of intermixing at the 

interfaces. Additionally, nanoindentation, 

commonly used to determine the properties of 

hard coatings, is conducted to study the plastic 

deformation behaviour of DLC/WC multilayer 

coatings with different intermixing degrees. The 

results show that the hardness and elastic 

modulus decrease with the increase of the degree 

of the intermixing. The coordination analysis 

(CN) and dislocation analysis (DXA) reveal the 

shear strain induced by indenter spreads through 

the interface, resulting in the extension of the 

intermixing regime and further degradation of 

mechanical properties. 

Keywords: MD simulations, amorphous-

crystalline interfaces, intermixing, 

nanoindentation, plastic deformation, hardness 

and elastic modulus. 

 

Figure 1: Figures illustrating that the degree of 

the intermixing at the interface, governed by the 

quenching rate, determine the mechanical 

properties of DLC/WC multilayer coatings.  
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Abstract: 

Diamond-like carbon (DLC) coatings are used to 

enhance wear performance and increase the 

lifetime of components in a tribological system. 

In the application the coatings are subjected to 

single acting impacts as well as cyclic loads. In 

addition, the coatings are exposed to high 

temperatures due to the operating environment. 

Adhesion systems based on carbides or nitrides 

are used to prevent load-induced delamination 

between the DLC layer and the steel substrate. 

Depending on the selected intermediate layers, 

mechanical properties of the functional layer and 

the occurring loads the performance of the 

system may vary. Therefore, precise adhesion 

and fatigue measurements are mandatory. 

In the present study, DLC coatings with different 

adhesion systems based on titanium and 

chromium deposited by PECVD and PVD 

techniques are investigated. The thickness and 

hardness of the DLC functional layer were varied 

to analyze the influence on the damage behavior 

of the different coating systems. A cyclic 

nanoscale test was developed to predict 

application-relevant fatigue properties. Lower 

static loads lead to a more fatigue-like testing of 

the functional DLC coatings themselves, where 

fatigue limits can be extracted from static 

displacement curves in dependence of the 

number of cycles (Figure 1). Higher loads 

provoke delamination processes of the coating 

system in the testing area which is suitable for 

cyclic adhesion measurements. The mechanical 

properties of the sublayers were characterized by 

nanoindentation. The thermal stability of the 

systems was analyzed after thermal treatment up 

to 350 °C. All data were used as input for FEM 

simulation of a static impact with a spherical 

diamond indenter. This allows the selection of 

appropriate parameters and the interpretation of 

the results from the fatigue test. 

The fatigue limit strongly increases with higher 

coating thickness and the selected intermediate 

layers. Most recent the fatigue mechanism could 

be evaluated through SEM analysis.  

Keywords: DLC, coatings, adhesion, fatigue, 

vacuum, plasma, PVD, PECVD, 

nanoindentation, FEM 

Figure 1: Fatigue test curve of a DLC coating, 

before reaching the total fatigue limit (B) crack 

initiation and circular crack propagation leads to 

sink in (A) of the DLC coating  
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Abstract: 

DLC coatings are widely recognized for their 

remarkable tribological properties combining 

high hardness and very low friction coefficinent. 

However, adhesion is the main problem 

compared to other coatings of nitrides and 

carbonitrides. Fortunately, new techniques in 

magnetron sputtering have been developed that 

have enhanced this characteristic. Recent studies 

demonstrate that High Power Impulse Magnetron 

Sputtering (HIPIMS) and the new Positive Pulse 

technique significantly improve the adhesion 

performance of DLC coatings. This study 

investigated the industrial applicability of DLC 

coatings on the cold stamping process. To 

achieve this, laboratory tests were performed on 

test specimens using scratch tests, 

nanoindentation, GD-OES, and wear resistance. 

The coatings were applied to various substrates, 

all of which were tool steels such as 1.2379, 

HWS premium, Vanadis 4, Caldie, K340, and 

1.2358. Subsequently, the coatings were applied 

to cold stamping tools to validate the laboratory 

results. The results obtained in the field were 

highly encouraging, and the coatings 

demonstrated excellent performance. 

Consequently, the use of DLC coatings on cold 

stamping tools has been established as a viable 

option.folding, nanoporous sol-gel glasses, 

silica-based biomaterials, circular dichroism 

spectroscopy, surface hydration, crowding 

effects, micropatterning, biomedical 

applications. 

 

Figure 1: Sensomap image of the coated tool 

before. 

 

Figure 2: Sensomap image of the coated tool 
after 65 cycles. 
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Abstract: 

This study deals with the influence of silver 

coatings on wear phenomena occurring under 

extreme conditions. The electromagnetic 

tribometer used allows investigating sliding electric 

metal-metal contacts at very high speeds. For this 

study, sliding speeds up to 1850 m/s have been 

realized. The tribo partners consist of highly 

conductive materials. A non-reusable Al6061-T6 

slider is accelerated between a pair of 3.18 m long 

CuCr rails by electromagnetic forces from zero 
speed to 1850 m/s. The corresponding electric 

current profile is characterized by a peak amplitude 

of 460 kA. Silver coatings of different layer 

thicknesses were applied on the slider by 

electrochemical deposition: 60 µm, 150 µm and 

250 µm. Silver has been chosen as a wear reduction 

coating for the following two reasons: First, the 

tribo-pair silver/copper is superior to the material 

combination of aluminum/copper according to the 

model of mutual soluability [1]. Second, from the 

electrical point of view, a higly conductive coating 

is requested. Ag provides superior electrical 

conductivity compared to CuCr. 

Wear phenomena on the rails were analyzed for the 

three given layer thicknesses and compared to the 

wear phenomena obtained after accelerating a slider 

without coating. Focus was set on three regions of 

interest characterized by the following parameters: 

1. Starting region, v=0-200 m/s, I=0-370 kA 

2. Middle region, v=700-900 m/s, I≈450 kA 

3. End position, v=1800 m/s, I=200-175 kA 

These parameters were chosen to cover a wide 

range of different sliding velocities and current 

conditions. Strongly different wear phenomena 

have been observed in the different regions in 

previous experiments using non-coated sliders. 

In the starting region, severe wear is generally 

observed [2]. The material loss leads to rail 

curvature despite a debris layer formation of about 

100 µm thickness. The mechanism is electrically 

dominated and characterized by a high dI/dt during 

capacitor discharge. Using a silver coating on the 

slider, wear reduction is very impressive for all 

silver layer thicknesses investigated. The remaining 

debris layer thickness is with about 0.1 µm reduced 

by a factor of 1000 (Fig.1). 

In the middle region the slider reaches a medium 

velocity of 700-900 m/s. The current profile is 

quasi-constant, the amplitude is just below the peak. 

In this case, the rails are generally covered by a 

homogenious aluminum coverage with a thickness 

of about 20 µm after the sliding experiment. Using 

silver coatings of 150 and 250 µm, a high number 

of small gouging craters with a length of 

approximately 3 mm and a width of approximately 

2 mm were observed. This can be explained by a 

strongly reduced gouging threshold of the material 

combination Ag-Cu compared to Al-Cu. For the 

60 µm silver coating, no gouges were observed: the 
silver layer had been completely removed before 

reaching the region. 

In the end region, the slider reaches its maximum 

velocity while the current is moderately descending 

from 200 kA to 175 kA. In this region, the rail 

surface is typically characterized by oxidation and 

isolated gouges of 3.5-4 mm diameter and a depth 

of 0.2 mm. For the 250 µm silver layer oxidation is 

significantly reduced. Thinner layers have no 

observable influence on the wear phenomena: they 

are completely ablated from the slider before 

reaching this region. 

The use of a silver coating on the slider is very 

beneficial in the starting region and in case of 

oxidational wear, but leads to enhanced wear by 

gouging at v=700-900 m/s. 

Keywords: sliding wear, electric contact, high 

speed, coating, wear protection, gouging. 

  

Figure 1: Wear phenomena and debris layer 

suppression observed by visual inspection in 
starting regions: using a slider without silver 

coating (left) and with a 250 µm silver coating 

(right).  
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Abstract: 

Environmental concerns have recently urged 

extensive research and development of 

coating materials for brake discs to reduce 

toxic element emissions into the 

environment. First protective coatings have 

demonstrated their potential for reducing 

particle emissions. However, there is a desire 

to utilize better environmentally friendly 

materials. In this study, a Fe3Al coating 

material was deposited on a gray cast iron 

brake disc with a direct energy deposition 

technique (Figure 1). A suitable 

microstructure can be formed using laser 

technology while also preventing cracks and 

boundary problems. The dry sliding wear 

resistance of the coating was tested using the 

pin-on-disc test to simulate the braking 

condition for the assessment of wear 

mechanisms that were involved during 

sliding, based on worn surfaces. In the pin-

on-disc test, a commercial Cu-free friction 

material was used as a counterpart pin. The 

results revealed that the coating has a good 

metallurgical bonding to the GCI substrate 

and the main phase construction on the top 

coating was the Fe3Al phase with a 

comparable tribological properties to cast 

iron.   

Keywords: Direct energy deposition (DED), 

Wear, Pin on disc, Fe3Al, Gray cast iron 

 

Figure 1: microstructure of the top surface of the 

Fe3Al coating on gray cast iron  
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Abstract: 

Copper plating of solid surfaces is widely used in 

industry as it imbues the coated parts with 

properties that make it suitable for use in broader-

ranging application spaces.1,2 However, its high 

ductility and low shear strengths, combined with 

the potential for adhesive material transfer 

between contacts limit its application to low-load 

mechanical contacts (< 0.1 GPa contact 

pressures).34 Reinforcing copper coatings on 

surfaces by constructing copper-metal multilayer 

structures5 or by dispersing graphene nanoplatelets 

(GNP) within the copper-matrix6 have shown 

promise in improving their physical and 

mechanical characteristics, yet still, fail to achieve 

suitable lubrication performances at contact 

pressures > 1 GPa (i.e. at engineering loads).  

In this study, we combine two copper-compositing 

approaches to produce a hybrid (GNP-Cu)/Ni 

multilayer coating system (ML1) on DC01 steels, 

to understand their performances in macroscale 

friction (Figure 1). Pin-on-disc tribological testing 

of ML1 displayed a synergy between the 

graphene-copper matrix and nickel multilayering, 

promoting a low-friction and low-wear sliding 

surface. At contact pressures as high as 1.2 GPa, 

The hybrid ML1 system operates at a stable 

coefficient of friction (μ) of ~ 0.12 for > 10,000 

revs; the value of μ was 73% and 84% lower than 

composites coatings that omit Ni (ML2) and GNP 

(ML3), combined with > 102 longer lubricating 

lifetimes. Furthermore, accelerated ageing studies 

on ML1 (by electrochemical corrosion in NaCl(aq) 

and high-RH exposure for 42 days) showed 

minimal environmental effects on the coatings’ 

overall lubricity, maintaining a long-lasting low-

friction phase (μ > 0.2) at 1.2 GPa. A thorough 

assessment of the ML1 coatings’ tribochemical, 

mechanical and structural evolution over the 

duration of the sliding tests identified intricate 

interactions between its components (Ni, Cu and 

GNP) that establish a lubrication mechanism that 

combines both tribochemical and mechanical 

contributions of the hybrid structure to achieve its 

excellent solid-lubrication properties. 

Keywords: tribology, wear, tribo-chemistry, tribo-

surfaces, solid lubrication, test methodologies, 

graphene composites, metal composites. 

 
Figure 1: (a) The deposited coating and (b) the 

schematic of the ML1 hybrid coating. c) Pin-on-

disc tribological assessment of the multilayer 

system, showing that the hybrid 

multilayer/compositing approach promotes long-

lasting, high-load lubrication when freshly 

produced and after accelerated ageing. 
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Abstract: 

Reducing friction is important to develop 

mechanical systems with high energy efficiency 

and long lifetime. Since human joints with gel-

like structure show low friction for several 

decades, gel materials are known to be useful for 

developing low frictional materials. Double 

network ion gels (DNIG) composed of hard but 

brittle 1st network, soft 2nd network and ionic 

liquids possess high mechanical strength and low 
friction under high temperature or vacuum are 

one of candidates for robust lubricant gels. For 

their industrial application, development of one 

pot synthesis process is effective due to its 

simplicity and low cost, opening up the way to 

form thin film coating of gel lubricants. 

However, radical polymerization of 1st and 2nd 

network at same time results in formation of 

random polymer to lose characteristics of DNIG. 

In this study, we examined one pot synthesis of 

DNIG by combining polycondensation and 

radical polymerization to develop simple and 

facile fabrication process for gel lubricant 

coating1). The DNIG was obtained by one-pot 

synthesis (DNIG-1) combining 

polycondensation of tetraethoxysilane and 

radical polymerization of methyl methacrylate to 

form silica and poly(methyl methacrylate) as a 1st 

and 2nd network, respectively. Such obtained 

DNIG-1 was characterized and compared with 

DNIG obtained by a conventional two-step 

process (DNIG-2). As friction at the glass/DNIG-

1, SUS304/DNIG-1 and PTFE/DNIG-1 interface 

showed different tribological properties (Figure 

1), change of counterface materials effectively 

reduced the COF at DNIG-1 which suggests the 

importance of the appropriate selection of 

tribopair  

Keywords: Double network gels, ionic liquids, 

one-pot synthesis, low friction 

 

 

 

 

 

 

 

 

Figure 1: Sliding speed dependency of 

coefficient of friction measured at glass/DNIG-

1(black), SUS304/DNIG-1(red), and 

PTFE/DNIG-1 (green) 
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Abstract: 

Micro-arc oxidation of titanium-based materials is 

increasingly gaining in popularity in terms of their 

surface modification aimed at improving 

originally limited properties like wear resistance, 

bioactivity, antibacterial performance, etc. 

Enormous number of studies confimed that well 
adhering oxide layer, formed thanks to the 

electrochemical reactions driven by the ions 

exchange between the surface and electrolyte, 

constitutes an effective surface protection. Recent 

reports suggest that the plastic deformation of the 

substrate material introduces new challenges into 

the micro-arc oxidation deposition process [1]. 

Refined microstructure significantly affects the 

mechanisms of the oxidation process by creating 

many more sites for the oxides nucleation as 

compared with coarse-grained material. Plastic 

deformation through hydrostatic extrusion turned 

out to be a promising method of strengthening of 

commercially pure titanium, allowing for its 

widespread application, due to the possibility of 

grain refinement down to the nanometric scale [2]. 

However, following the formation of the coating 

with micro-arc oxidation on the surface of 

hydrostatically extruded titanium and its 

correlation with functional properties was not 

investigated so far. In this work, hydrostatically 

extruded titanium is used as a substrate material 

for micro-arc oxidation in phosphate-based 

electrolytes. Additionally, we proposed an 

innovative approach encompassing the use of a 

bipolar pulsed power supply (Figure 1). The latter 

allows for a precise control of the process of 

introduction of both anions and cations from the 

electrolyte, extending the possibilities of the 

deposition process, not achievable in the case of 

using popular DC or unipolar pulsed power 

supplies. An extremely important element of this 

work is to determine the density of high-angle 

(HAGB) and low-angle (LAGB) grain boundaries 

through the SEM/EBSD orientation mapping and, 

in this way, their influence on the properties of the 

forming oxide surface layer. The XRD, SEM, 

TEM and XPS studies allowed us to reveal the 

microstructure, phase and chemical analysis and, 

thus, the way of embedding of the electrolyte 

constituents. This study will permit to discuss a 

mechanism of oxide coating formation and predict 

applications in various sectors of industry. 

Keywords: titanium, hydrostatic extrusion, micro-

arc oxidation, sodium phosphate, microstructure, 
orientation imaging, wear resistance, tribological 

applications, biomedical applications. 

 

Figure 1: Figure illustrating the process of 

formation of the coating with micro-arc oxidation 

method by applying sodium phosphate-based 

electrolyte and bipolar pulsed power supply. 
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Abstract: 

Several efforts have been made to develop 

strategies to reduce particulate matter emissions 

in urban environments and the consequent 

hazards for the environment and human health. A 

major source of particulate matter in urban areas 

is particle emissions due to the wear of brake 

materials of passenger vehicles [1]. Recently, 

Euro 7 regulation introduced limits also 

regarding brake particle emissions [2]. 

On this basis, the design of brake couples with 

lower emissions and without hazardous 

compounds in their formulations has become a 

topical issue. A direct strategy to reduce brake 

emissions is the mitigation of the wear of the 

brake disc by increasing its hardness through the 

deposition of a hard coating. Among other 

processes, the hard coating has been deposited 

via Direct Energy Deposition (DED) [3] or High 

Velocity Oxygen Fuel (HVOF) [4] processes. 

Along with the environmental requirements, 

brake materials should fulfill their basic function. 

They should have excellent performance: stable 

coefficients of friction and low wear over a wide 

range of braking conditions [5].  

In this work, a critical comparison is presented 

regarding the emission behavior at mild sliding 

conditions and the brake performance at severe 

braking conditions of two brake couples: a Cu-

free friction material sliding against a 

conventional cast iron disc and a Cu-less friction 

material sliding against a cermet-coated disc. The 

cermet-coating was deposited by HVOF 

techniques and is described in the previous work 

[6]. 

The two brake couples were tested on a reduced-
scale dynamometer with two testing procedures. 

Brake emissions are measured by an Optical 

Particle Sizer (OPS) and are assessed with the 

brake cycle developed in [7] to map the frictional, 

wear and emission behaviors in mild sliding 

conditions as a function of pressure and velocity. 

The brake couple having the cermet-coated disc 

showed lower emissions at every braking 

condition. 

The frictional response of the brake couples is 

investigated, including the influence of the disc 

temperature, with the brake cycle developed in 

[8] to build pvT-µ Maps map at severe sliding 

conditions. The brake performance is discussed 

in terms of friction sensitivity to pressure, 

velocity and temperature. The two brake couples 

show comparable frictional behavior below 

300°C. Moreover, a posteriori observations by 

Scanning Electron Microscopy (SEM) were used 

to explain the wear processes acting on the 

surfaces at the different braking conditions. For 

both the brake couples, the fade effect was found 

for v-T combinations, above 300 °C and 140 

km/h, and was correlated to the primary plateaus 

being progressively covered at increasing T by a 

thick layer of iron oxide. Finally, a peculiar 

behavior, friction instability can be observed for 

the cermet-coated disc above 300 °C and was 

ascribed to the lower degree of compaction of the 

iron-oxide particles originating from the disc. 

Keywords: brake emissions, brake performance, 

friction materials, brake cycle, high-temperature 

testing, fade effect, surface characterization, 

HVOF. 
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Abstract: 

Various studies have been conducted to reduce 

friction and improve anti-wear performance 

under high load and low viscosity conditions in 

order to improve energy efficiency. Viscosity 
index improvers based on functionalized 

copolymers, in which a functional group is 

introduced into the side chain of the polymer, are 

currently receiving much attention as additives 

that exhibit friction reduction effects. These 

functionalized copolymers are known to reduce 

the coefficient of friction by maintaining a film 

thickness between contacting surfaces, primarily 

through interaction with steel. 

Dimethyaminoethyl methacrylate (DMAEMA) 

and hydroxyethyl methacrylate (HEMA) are 

commonly used as functional group types.  

On the other hand, Diamond-Like Carbon (DLC) 

coatings have also been studied for many years to 

enhance the performance of metal surfaces in 

order to improve wear resistance. Although DLC 

coatings exhibit friction reduction effect and anti-

wear performance due to the characteristic 

surface composed of hydrocarbons, a major 

challenge is the reduced interaction with 

conventional lubricants due to the low reactivity 

of the surface. To solve this problem, the 

development of doped-DLC coatings has 

attracted much attention in recent years. Alloying 

DLC coatings with e.g., tungsten (W), silver (Ag), 

copper (Cu) and silicon (Si) can improve the 

interaction of lubricant additives with the surface 

of the coatings and overcome the low reactivity 

of DLC coatings. 

In this study, the tribological evaluation of a 

novel lubrication system combining 

functionalized copolymers and doped-DLC 

coatings was performed (Figure 1). 

Keywords: doped-DLC, functionalized 

copolymer, viscosity index improver, friction 

reduction effect, anti-wear performance. 

 

Figure 1: Schematic of a novel lubrication 

system combining functionalized copolymer and 

doped-DLC. The functional group of the 

copolymer and the chemical elements to be 

alloyed in doped-DLC are examples. 

References: 

1. Müller, M., Topolovec-Miklozic, K., 

Dardin, A., Spikes, HA. (2006), The Design 

of Boundary Film-Forming PMA Viscosity 

Modifiers, Tribology Transactions., 49(2), 

225-232. 

2. Evaristo, M., Fernandes, F., Cavaleiro, A. 
(2020), Room and High Temperature 

Tribological Behaviour of W-DLC Coatings 

Produced by DCMS and Hybrid DCMS-

HiPIMS Configuration, Coatings., 10, 319.  

3. Manninen, N.K., Ribeiro, F., Escudeiro, A., 

Polcar, T., Carvalho, S., Cavaleiro, A. 

(2013), Influence of Ag content on 

mechanical and tribological behavior of 

DLC coatings, Surface and Coatings 

Technology., 232, 440-446. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 42



 
 
 
 
 
 
 
 
 
 
 

SICT 2023 Session II. A: 
Surface and coatings Characterization / 

Properties Multifunctional composite and 
hybrid coatings 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 43



Nucleation and growth of intragranular acicular ferrite from the 

interface between NaCl-type particles and steels  
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Abstract: 

Nucleation of intragranular acicular ferrite (IAF) 

is of vital importance for the microstructure 

control of engineering materials, which has a 

potential application to improve the low-

temperature toughness of weldment of low-alloy 

steels. The current study presents a method to 

calculate the critical diameters of TiO, TiN, and 

VN particles (NaCl-type) for IAF nucleation in 

steels. Based on the calculation results, it was 
noted that the critical diameters of TiO, TiN, and 

VN inclusions for IAF nucleation will be 

quantitatively predicted, and the calculation 

results can have a good agreement with the 

experimental findings in the actual steel samples. 

Moreover, the effects of Mn, C and S contents on 

the critical diameters of inclusions were 

investigated. It was found that the critical 

diameters of TiO, TiN, and VN inclusions 

increased with the increasing Mn and C contents. 

In addition, it was found that S does not have a 

direct effect on the critical diameters of TiO, TiN, 

and VN inclusions. However, the increasing S 

content led to an increased amount of MnS 

precipitation in the actual steels. Last but not 

least, a new theoretical model considering the 

classical nucleation theory (CNT) and interfacial 

phenomenon has been established to predict the 

probably of IAF nucleation with different 

inclusion sizes. In addition, the phase-field (PF) 

model is applied to preict the Stress distribution 

surrounding the particle/steel interface. This 

work aims to contribute for the further 

development of ‘Inclusion Engineering’ in 

advanced steels. 

Keywords: Intragranular acicular ferrite, 

interface, phase transformation, advanced steels, 

NaCl-type particles, inclusion metallurgy. 

 

 

Figure 1: Figure illustrating a theoretical model 

of grain boundary ferrite (GBF) and 

intragranular acicular ferrite (IAF) nucleation, 

which is from the steel/NaCl-type inclusion 

interface. 
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In situ study of the interlayer intercalation of 2-mercaptobenzothiazole 

in layered double hydroxides directly grown on AA2024 alloy  
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Abstract: 

Layered double hydroxides (LDHs) have been 

investigated as conversion films for protection of 

metal alloys, and are suggested as prospective 

environmentally-friendly candidates for 

substitution of chromate conversion coatings on 

aluminium alloys. We have previously reported a 

successful growth of a thin multifunctional layer 

with anticorrosion and biocidal properties using 

LDH clusters as precursors.[1] It was observed 
that upon the exchange reaction with 

mercaptobenzothiazole (MBT), the basal 

diffraction reflections of LDHs became more 

diffuse and asymmetric. It was suggested that one 

possible reason for this observation is a 

fragmentation of the LDH crystallites during the 

anion exchange. However, mechanism of 

intercalation of MBT into the interlayer galleries 

of an LDH remains unclear. There are some 

indications that more than one arrangement of 

MBT anions, in the galleries, is possible during 

the exchange process.[2] Moreover, we suggest 

that OH anions, present in the solution, play an 

important role in facilitating intercalation of 

MBT into the galleries in the very beginning of 

the exchange reaction. In order to enter the 

gallery, the MBT anions are expected to get “flat-

laying” disturbing the layer-interlayer 

electrostatic balance. Small anions OH- are able 

to compensate the lack of negative charge. In 

such a scenario, MBT- and OH- enter the gallery 

together. In case of the LDH directly grown on 

the metal surface, the MBT intercalation is even 

more complicated since the LDH layer is not free 

to increase the gallery height. In this work we 

performed in situ synchrotron diffraction study of 

the nitrate-to-MBT anion exchange to reveal 

possible intermediate LDH phases in free LDH 

powders and in LDH structures grown on metal 

surface. The experiments were conducted at 

room temperature, and MBT-containing solution 

was pumped into a reaction vessel containing a 

diluted LDH slurry or an AA2024 substrate with 

grown LDH layer. Diffraction patterns were 

recorded every 2 s immediately after injection 

during the first 80 min of the exchange reation, 

and and then every 15 min for the next 120 min. 
The energy of the incident X-rays was 25 keV (λ 

= 0.51359 Å). Data were collected in the 1.5–24° 

2θ range. Obtained results suggest that the anion 

exchange occurs at a very early stage (first 

minutes) and that, over time, two different 

arangments of MBT species corresponding to 

two basal spacing were observed. Furthermore, 

no traces of the parent LDH–nitrate were 

detected after the anion exchange. 

Keywords: layered double hydroxides, 

interlayer arrangement, anion-exchange, 

conversion films, coatings.  
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Evaluation of surface functionalization for improved adhesion 

between nitinol and thermoplastic polyurethane 
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Abstract: 

High specific surface area, adjustable pore size, 

and scale of extracellular matrix are promising 

properties of polymeric nanofibers for medical 

applications and tissue engineering. But, the lack 

of mechanical strength and stability of nanofiber 

nonwovens often requires a substrate for bearing 

the load and giving stability. [1,2] Stents are an 

example for metallic materials as a load bearing 

structure in medical applications. The properties 

of the adhesive interface between nanofibers and 
stent determine the integrity of the composite. 

Adhesion between such a material pairing and 

improvement of adhesive strength has not been 

sufficiently researched until today. Therefore, 

this study aims to find methods for direct surface 

functionalization of the nitinol to increase the 

adhesive strength. [2,3] 

A solution electrospinning process was used to 

produce nanofibers from thermoplastic 

polyurethane. Ultrafine fibers are drawn from a 

polymer solution with the use of electrostatic 

forces. The process was used for a direct coating 

on nitinol plates and flat braids with a nanofiber 

nonwoven. 180° peel tests according to DIN EN 

ISO 11339 are used to determine the peel 

resistance which is the peel force normalized to 

the width of the samples. Surface 

functionalization was carried out using a plasma 

treatment or a polymer coating process.  

The plasma treatment had noch influence on the 

peel resistance while the polymer coating process 

increased it significantly. Maximum peel 

resistance for untreated samples was 

19,2 ± 5,0 cN/cm and 57,8 ± 11,3 cN/cm for 

polymer coated samples. The change in structure 

from a plate to a flat braided nitinol wire led to a 

significant increase of peel restistance to 

26,5 ± 3,6 cN/cm. Due to electrostatic forces 

during the electrospinning process, the 

nanofibers are wound around the single wires and 

increase the peel resitance although the total 

surface area decreases.  

Keywords: electrospinning, nanofibers, nitinol, 

stent coating, adhesion, plasma. 

 

Figure 1: Curve of a peeling test for nanofibres 

on a nitinol plate. Corresponding points marked 

on sample. a) start of peeling process; b) partly 

rupture of nanofibre nonwoven; c) complete 

failure of nonwoven.  
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Wetting and phase electrowetting as a probe for surface chemistry of 

hydrophobic materials. 
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Abstract: 

The combination of two methods for 

characterizing surface properties, two-liquid 

wetting and low-frequency electrowetting1, have 

been used for their extreme sensitivity to surface 

polarity and surface charge density. 

Electrowetting describes the phenomenon of 

reversible modification of the wettability of a 

surface when an electric field is applied to the 
layer. After a brief introduction of the theory 

describing these methods, we will show how they 

can be applied to finely characterize hydrophobic 

surfaces. 

In particular, these original methods allow to 

follow in real time and in situ the modification of 

the hydrophobic character of a surface as a 

function of the pH of the surrounding 

environment2, which is very important for 

coating applications in real use conditions.   

When the pH of a solution on the surface of a 

hydrophobic layer is modified, the response 

observed in electrowetting is characterized by a 

modification of the signal symmetry, from which 

we are able to extract a charge density, 

characteristic for example of the deprotonation of 

the surface groups. 

The same method was also used to characterize 

in situ the grafting of a coupling agent on a 

hydrophobic surface. (Figure 1) 

Keywords: hydrophobic coating, 

hydrophobicity, wetting properties, 

electrowetting. 

 

 

 

 

 

Figure 1: figure illustrating the phase shifting 

response of a pdms coating during the grafting of 

a coupling agent. 
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Abstract: 

Living organisms have evolved many strategies 

to change their color and appearance. Some of 

these characteristics are related to the physical 

and topographical properties of the surface, 

enabling color modifications or adding a 

functionalization such as hydrophobicity1. For 
instance, a patterned surface can provide 

hydrophobic behavior by drawing on the 

patterns of the Dahlia flower [Fig. 1]. 

The use of soft lithography techniques opened 

alternative routes to replace the expensive and 

complex methods of classical lithography. 

However, a central challenge is extending the 

size of the patterning area (from cm² to m²) and 

the patterning of complex surfaces (2.5-3D 

geometries) to achive a hydrophobity surfaces. 

Thus, we propose a process to produce surfaces 

with super hydrophobic patterns using the UV-

NIL technique with hybrid solutions. An 

example of patterned surfaces is shown in Fig.2 

To test the hydrophobic behavior of the sample, 

measurements of the contact angle with water 

for the textured samples and measurements of 

the surface energy of each of the smooth 

surfaces were performed. Preliminary results 

have shown an increase from 60° [Figure 3(a)] 

to 150° [Figure 3(b)] of the contact angle with 

water (θ) therefore, characterizing the 

achievement of a hydrophobic surface 

following Cassie-Baxter behavior. The surface 

energy (γ) is around 45 mN/m, which prompts 

further studies to understand the surface 

chemistry and subsequently optimize the 

processes to reduce the surface energy and 

hence obtain a super-hydrophobic surface 

(θ>150° and γ<20mN/m).  

 

       
 

An intermediate state between the Wenzel and 

Cassie-Baxter states was observed and new 

dynamic wetting measurements will be carried 

out to complement the previous results. Finally, 

these results will be compared with water 

repellency using topography of the surfaces, as 

well as sliding angle measurements. 

Keywords: NIL, nano-imprint, wettability, 

contact angle, hydrophobic, UN-NIL, 

micropatterning, Wenzel, Cassie-Baxter, silica-

based materials, hybrid materials. 
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Fig. 1: Scanning electron 

microscope image of 

Velvety leaves of a 

Dahlia flower with 

convex, structured cells. 2 

Fig. 2: Surface 

functionalized by 

nano-micro 

patterning. 

Fig. 3: Contact angle of 

the falling water droplet 

(a) non-paternal surface 

and (b) paternal surface. 
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Abstract: 

Significant scientific efforts have been devoted 

to explore the hydrophobic behavior of materials 

by relying on the reduction of water adhesion 

and surface particulates deposition from the 

environment.[1] For instance, the significant 

problem of soiling losses associated with dirt 

deposition on e.g. photovoltaic (PV) panels and 

other PV modules, can be overcome by 

functionalization of the glass surface used in 
these systems with self-cleaning coatings.[2] 

Recently, rare earth oxides (REOs) have 

attracted considerable attention as they have been 

proven to exhibit not only excellent hydrophobic 

properties but also were shown to be resistant to 

extreme conditions, including exposure to 

elevated temperatures or abrasive wear, without 

degradation of their water-repelling 

properties.[3] Most importantly, REOs films are 

transparent to light and are characterized by low 

reflectance,[4] which renders them a perfect 

candidate for application as an anti-soiling 

coating in PV modules. The above listed 

advantages of REOs have generated considerable 

scientific interest in further studies in the design 

of new deposition methods producing high-

quality films, in addition to complementary 

investigations of their hydrophobicity.[5] 

The Y2O3, which belongs to the class of REOs, 

will be presented as a promising candidate for 

the development of hydrophobic coatings on a 

range of a commercially available glass 

substrates using aerosol assisted chemical vapor 

deposition (AACVD) method. The influence of 

the deposition parameters as a function of 

substrate selection on the quality of the films will 

be discussed in detail. The developed 

hydrophobic Y2O3 coatings water contact angles 

grown on selected substrates was found to range 

between 120 and 128°. The qualitative 

evaluation of the film’s intrinsic hydrophobic 

characteristics will be provided along with 

insights into the materials surface chemistry, 

which are derived the experimental results from 

the traditional sessile drop measurements as well 

as number of materials physico-chemical 

characterization techniques. 
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Abstract: 

When a tiny droplet of mercury is transferred to 

a thin metal (silver / gold) film deposited on a 

glass substrate, it starts to dissolve and spread in 

a very exotic manner. This is the only known 

system of reactive wetting in room temperature.  

We review the non-trivial spatio-temporal 

patterns observed in this system. It exhibits two 

main regimes, the bulk propagation regime and 

the interface kinetic roughening regime. The 

bulk propagating dynamics is very different 

from classical wetting characteristics. In the 

kinetic roughening regime, rich spatio-temporal 

patterns are observed. The latter are studied and 

characterized using statistical physics tools, 

such as the growth, roughness and persistence 

exponents. We compare these results with 

spreading dynamics in high temperatures. 

We also discuss recent results for the global de-

cohesion and structural instability of the thin 

film due to the mercury spreading, resulting in 

DLA-like finger patterns. 

 

Figure 1: The two main regimes of the 

spreading dynamics of mercury on silver-on-

glass in room temperature. 

Keywords: droplet, thin film, mercury, silver, 

gold, metal, metal-on-glass, room temperature, 

high temperatures, side view, top view, bulk, 

spreading, reactive-wetting, kinetic roughening, 

roughness, growth, persistence, universality. 
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Abstract: 

Organic coatings applied on steel substrates are 

representing a valuable enhancement in several 

ways, typically linked to corrosion inhibitive and 

aesthetic purposes. Being extensively used e.g. in 

the construction and household appliances 

industry and in order to meet increasingly 

demanding high-quality standards, extremely 

complex material systems are under 

development, thus calling for a deeper 

understanding of their final structure. 

In order to assess the interior coating 

composition and microstructure of 50 µm thick 

single component (1K) high-build polyester-

polyurethane (PU) coil coatings, ultra-low-angle 

microtomy (ULAM) was combined with X-ray 

photoelectron spectroscopy (XPS), energy-

dispersive X-ray spectroscopy (EDX) and 

Fourier-transform infrared (FTIR) spectroscopy 

[1]. Elemental and chemical depth profiling was 

achieved by correlative analysis of fabricated 

extended tapers in the millimeter range. FTIR 

focal plane array (FPA) spectroscopic imaging 

enabled to determine the distribution of the 

isocyanurate cross-linking agent at plane-view 

for different depth positions. Chemical gradients 

were detected by recording XPS line scans on the 

exposed sections. Evaluation of carbon C1s high-

resolution spectra showed an enhancement of 

nitrogen and oxygen containing functionalities 

near the primer/substrate interface. The 

distribution of embedded fillers was additionally 

obtained by EDX for the observed PU coating 

system (Fig. 1).  

The linearity of the surface topography of 

shallow angle microtomy cuts fabricated at 
different preparation conditions was examined 

by scanning electron microscopy (SEM) and 

compared to cross sections created by a conical 

coating drill and flat milling with Ar+ ions. Auger 

electron spectroscopy (AES) was additionally 

applied in order to evaluate the respective 

preparation techniques at nanoscale. 

All methods in combination provide further 

advantages for the comprehensive analysis of 

organic coatings regarding the determination of 

structure-property relationships and to 

investigate their corrosion stability. 

 

 

Figure 1: Plane-view (a) SEM and (b,c) EDX 

elemental mappings showing the interior 

microstructure of a PU-based primer coating 

layer at a selected depth position [1]. 

Keywords: compositional depth profiling, 

organic coatings, X-ray photoelectron 

spectroscopy (XPS), infrared spectroscopy, 

energy-dispersive X-ray spectroscopy (EDX), 

Auger electron spectroscopy (AES) 
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Analysis of Coatings by Glow Discharge Emission Spectroscopy: 

Light Elements 
 

Z. Weiss  

FZU - Institute of Physics of the Czech Academy of Sciences, Praha, Czech Republic 
 

Abstract: 

Glow discharge optical emission spectroscopy 

(GDOES) with a Grimm-type source (Figure 1) is a 

well-established method for elemental analysis of 

metals, coatings and surface-modified materials. The 

sample acts as cathode in a glow discharge and its 

atomization proceeds by cathodic sputtering. 

Emission intensities can be recorded as function of 

time, allowing thereby depth-resolved analysis (depth 

profiling). In most cases, a simple calibration 

procedure based on bulk reference materials is 
sufficient to interpret analytically the emission 

intensities. 

 
Figure 1: Grimm-type glow discharge excitation 

source: a flat sample to be analysed acts as cathode 

in a glow discharge. Emitted light is viewed end-on, 

in axial direction, and analyzed by optical 

spectrometer.  

Analysis by GDOES has been reported in numerous 

applications involving coatings, thin films, materials 

after various surface treatments in reactive gases, etc. 

Of special interest is analysis of light elements such 

as H, B, C, N, O, for which some other common 

methods either do not work at all or yield a poor 

analytical performance. Typical examples of depth-

resolved analyses of various coatings involving light 

elements will be presented, together with the 

corresponding methodology and some context 

showing the motivation for such studies.  

Boron- and phosphorus-doped diamond layers 

prepared by plasma-enhanced chemical vapor 

deposition were analysed for boron and phosphorus 

concentration depth distributions as functions of 

deposition parameters [1, 2]. Typical detection limits 

(DLs) of boron in diamond are < 20 ppm (w/w). 

Phosphorus DLs in argon discharge are worse but can 

be improved by using neon instead of argon as the 

discharge gas [1]. 

Nitrogen depth distributions were analysed by 

GDOES in N-implanted Ti-base alloys (see e.g. Ref 

[3]). Shallow depth profiles of nitrogen may be 

affected by an instrument effect caused by outgassing 

of the inner walls of the spectral source in the first 

seconds after the discharge is ignited. This effect can 

be corrected for and a method for doing so will be 

presented. Besides N2 and O2, also hydrogen from 

atmospheric moisture was reported to affect the signal 

response. Hydrogen itself can also be analysed by 

GDOES [4]. 

GDOES is a powerful and relatively easily accessible 

method for depth-resolved elemental analysis of 

coatings, with remarkable advantages for analysis of 

light elements. 
 

Keywords: glow discharge, emission spectroscopy, 

GDOES, diamond, boron, phosphorus, nitrogen, 

hydrogen  
 

References: 

1. Weiss, Z., Ashcheulov, P., Lambert, N., Taylor, 

A., Lorincik, J., Sung, K-D., Davydova, M., 

Mortet, V. (2022) Analysis of boron- and 

phosphorus-doped diamond layers by glow 

discharge optical emission spectroscopy in argon 

and neon, Vacuum, In Press.   

2. Lambert, N., Weiss, Z., Klimša, L., Kopeček, J., 

Gedeonová, Z., Hubík, P., Mortet, V., Highly 

phosphorus-doped polycrystalline diamond 

growth and properties, Diam. Rel. Mat. 125 
(2022) 108964. 

3. Vlcak, P., Fojt, J., Weiss, Z., Kopeček, J., Perina, 

V., The effect of nitrogen saturation on the 

corrosion behaviour of Ti-35Nb-7Zr-5Ta beta 

titanium alloy nitrided by ion implantation, Surf. 
Coat. Technol. 358 (2019), 144-152. 

4. Weiss, Z., Analysis of hydrogen in inorganic 

materials and coatings: A critical review, 

Hydrogen 2 (2021), 225-245. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 52
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Abstract: 

The limiting process of the electrochemical 

splitting of water in proton exchange membrane 

water electrolyzers (PEMWE) is the oxygen 

evolution reaction (OER)1. The limitations 

encompass large overpotentials, slow kinetics, 

highly oxidative potentials and harsh environment. 

The only stable catalyst for OER in acidic 

conditions is iridium, though being extensively 

investigated2. 

It is important that all accessible measurement 

techniques that can give any insight into the 

behavior of Ir-based electrocatalysts are exploited. 

Therefore, in this study we investigated Raman 

spectroscopic approach with support of X-ray 

diffraction (XRD), scanning electron microscopy 

(SEM), energy dispersive spectroscopy (EDS) and 

OER activity determination. Although this 

technique is straightforward for many samples, 

black ones can offer a challenge. Many times 

signal-to-noise has to be sacrificed to preserve the 

stability of the sample under the laser beam. 

The present study comprise two commercial 

compounds, i.e. rutil-type IrO2 and Ir black (both 

Alfa Aesar). The Raman spectrum of Ir black 

shows the partial oxidation, which is confirmed by 

EDS. Namely, the characteristic bands of IrO2 

occurr in both spectra: Eg mode at 548 cm-1 and the 

overlapping B2g and A1g modes at 719 cm-1 (Figure 

1). Both compounds, IrO2 and Ir black, were then 

drop-casted to the glassy carbon electrode (GCE) 

and exposed to various activation and degradation 

protocols. After each protocol, ex situ Raman 

spectroelectrochemical measurements were made. 

The spectra were then correlated according to their 

electrochemical treatment and Raman spectra. An 

important finding is that the short potential range 
in the mostly oxidative part of the cycling region 

(1.1 to 1.6 V vs. RHE) contributed to the increase 

in intensity of B2g mode.  

Both Ir-compounds were then prepared with either 

P25 (TiO2) or carbon black (Vulcan VC72) as 

substrates. These samples were then drop-casted to 

GCE. Since the amount of Ir is considerably lower 

(~20 wt.%) compared to previous samples we 

wanted to check whether it is possible to detect 

Raman spectra. It is interesting to notice that as-
deposited and activated states do not reveal the 

presence of IrO2. Very low-intenisty bands of Ir 

oxide, however, can be noted for degraded states. 

Keywords: Raman spectroscopy, iridium, IrO2, 

electrocatalysts, OER activity. 

 

Figure 1: Raman spectra of commercial powders, 

IrO2 and Ir black, on a silicon wafer substrate. The 

displacements of atoms are shown for Eg, B2g and 

A1g modes (along c-axis) as described by Huang et 

al.3 
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Design of new antimicrobial osseointegrated dental implants 
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Abstract: 

Nowadays, the main causes of the rejection of 

dental implants are their poor osseointegration and 

the bacterial adhesion and growth, which may lead 

to peri-implantitis disease. The osseointegration 

and the bacteria adhesion inhibition can be 

enhanced by modifying implant surface properties. 

This work is focused, in a first phase, on the surface 

modification of metallic tantalum (Ta), by 

anodization and by plasma electrolytic oxidation 

(PEO). This eletrochemical modification intends to 

promote the surface bioactivity and accelerate the 

osseointegration by mimetic the morphology and 

chemical from the bone, with the formation of 

micro/nano-porous structures and the incorporation 

of osteoconductive elements (calcium (Ca) and 

phosphorus (P)). In a second phase, over these 

bioactive surfaces, zinc (Zn) nanoparticles (NPs) 

with and without a thin carbon (C) layer are 

deposited by magnetron  

sputtering to endow this surface with antimicrob ial 

activity. 

Different quantities of NPs deposited on the 

bioactive surfaces were tested. Increasing the 

deposition time and/or decreasing the working 

pressure, it was possible to deposit a higher amount 

of Zn NPs with different morphologies and sizes. 

The zinc ions release increased with the amount of 

the NPs and decreased when the carbon layer 

covered the NPs. The chosen surfaces, the one with 

lower and the one with higher ionic release, were 

further studied regarding the antimicrobial activity 

and corrosion resistance. The presence of Zn NPs 

had a great impact on the improvement of the 

antimicrobial capacity, as the higher quantity of Zn 
NPs (and higher zinc ions release) showed the 

highest C. albicans growth inhibition compared to 

the porous Ta2O5 surface. The C layer did not reveal 

a significant difference when compared to the 

respective surface. The corrosion results revealed 

that the formation of Ta2O5 by the PEO lead to 

improvement of the corrosion behavior, compared 

to untreated Ta surfaces. On the other hand, the 

incorporation of metallic Zn NPs promoted the 

degradation of corrosion resistance, which 

improved as a function of immersion time and 

became closer to the porous Ta2O5 surface 

corrosion behavior. These results demonstrated that 

the deposition of Zn NPs onto porous Ta2O5 

surfaces efficiently inhibits the microbial growth. 

Thus, the PEO and magnetron sputtering are 

promising surface modification techniques for 

functionalize Ta surfaces for dental implants. 
 

Keywords:Tantalum; Zinc Nanoparticles; Plasma 

Electrolytic Oxidation; Magnetron Sputtering; 

Corrosion Resistance; Antimicrobial Activity. 

Figure 1: Bone-

like Ta₂O₅ surface 

 

 

 

 

Figure 2: 

Bone-like 

Ta₂O₅ 

surface with 

antimicrobial nanoparticles  
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Drug Eluting Coatings to Enhance the Functionality of Implants  
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Abstract: 

Active implants are drug-eluting implants, 

i.e. in addition to their regular role they also 

release drug or protein molecules to the 

surrounding tissue in a controlled desired 

manner, for various periods of time 

according to specific needs. However, when 

bioactive molecules are incorporated in 

implants usually the mechanical-physical 

properties are not preserved. Also, it is very 

difficult to incorporeate these molecules 

without affecting their acativity. Therefore, 

drug eluting coating have been developed 

and studied by us. 

Any implant can be converted to an "active 

implant" when coated with our drug-eluting 

bioresorbable coatings. The coating 

technology is based on the "freeze drying of 

inverted emulsion" process, which results in 

porous coatings (Fig. 1). The drug molecules 

are encapsulated in the pores. The porous 

structure (pore size and porosity) strongly 

affects the release profile, as shown in Fig. 2. 

The advantages of our drug-eluting coaings: 

1. Optimal local release of any drug (water 

soluble, water-insoluble, protein) in a 

controlled desired manner.  

2. The activity of any drug is preserved, due 

to the mild process technique used. 

3. Ease of coating manufacturing and FDA 

approved materials. 

4. Excellent adhesion between our coating 

and various materials (metals and 

polymers). 

5. Excellent animal study results were 

achieved. 

Examples for potential applications: 

* Wound dressings with controlled release 

of antibiotics and pain killers    

*   Endovascular stents and local cancer 

treatment - controlled release of anti-

proliferative agents.  

* Scaffolds for tissue regeneration with 

controlled release of growth factors. 

* Inti-inflammatory therapy. 

 

In this talk the effects of the formulation 

parameters on the micro and nano-structural 

features of the coatings, and on the resulting 

drug release profile, will presented for water 

soluble drugs, water-onsoluble drugs and 

protein molecules. 

Keywords: drug delivery, porous coatings, 

nano-structuring, micro-structuring, wound 

dressings, stent coatings, protein release. 

 

 

 

 

 

 

 

Figure 1: Environmental SEM micrograph 

showing the porous coating structure. 

 
Figure 2: Antibitic release profiles from 

varoous coating structures. 
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Fluid interfaces as platforms for understanding the interaction of 

pollutants with lipid barriers 
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Abstract: 

Pollution is currently a public health problem 

associated with different cardiovascular and 

respiratory diseases. This makes necessary a 

careful examination of their potential effect 

on lipid membranes, e.g., tear films, lung 

surfactant or skin. It is common that once 

pollutants enter in contact with biological 

barriers, they can alter their mechanical 

performance which can induce fails in the 

normail physiological performance of such 

barriers. Moreover, the interactions of 

pollutants with biological can induce the 

formation of an corona decorating the 

pollutant surface, favoring their penetration 

into the bloodstream and distribution along 

different organs. Therefore, it is necessary to 

understand the most fundamental aspects of 

the interaction of particulate pollutants with 

lipid barriers to mitigate their effects, and 

design therapeutic strategies. However, the 

use of animal models is often invasive, and 

requires a careful examination of different 

bioethics aspects. This makes it necessary to 

design in vitro models mimicking some 

physico-chemical aspects with relevance for 

specific biologica performance, which can be 

done by exploiting the tools provided by the 

science and technology of interfaces to shed 

light on the most fundamental physico-

chemical bases governing the interaction 

between lipid barriers and particulate matter. 

It is expected that these communication can 

contribute to deepen on the understanding of 

the potential toxicological effects of the air 

pollution on the physiological performance 

of cellular barriers and biofluids. However, it 

should be noted that the used model systems 

cannot account for some specific 

physiological aspects of life systems. 

Keywords: biomembranes, fluid interfaces, lung 

surfactant, interfacial rheology 

 

Figure 1: Figure illustrating the incorporation of 

pollutant to biological layers. 
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Room vs. body temperature to evaluate electrical interface parameters 

of state-of-the-art PEDOT-PSS electrode for neural stimulation 
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Abstract: 

Currently, one thousand million people suffer 

from neurological issues, such as epilepsy, 

Alzheimer’s and Parkinson’s diseases, 

migraines, sclerosis, or neural infections. In most 

cases, restoration of the neural path can be done 

by the introduction of electrodes within the 

neural tissue.  

Placing the electrode in the neural environment 

results in the spontaneous formation of the 
interface between neural tissue and the surface of 

the electrode [1]. Because signals transmission in 

the nervous system depends on the electrical 

carrier (ions) and chemical carrier 

(neurotransmitters), monitoring/stimulating the 

nervous system by the electrode can be obtained 

through the electrical and chemical interface [2].   

Nowadays, the market of neural electrodes is 

mainly based on pure metals such as gold (Au) or 

platinum (Pt). Their rigid and plane structure lead 

to their poor integration with the tissue 

environment, high inflammation, degeneration of 

signal transmission and finally to the reduction in 

the effective lifetime of the electrode. 

Modulation of the interfacing electrode by 

nanostructured conducting polymer coating has 

recently become an attractive option for 

providing efficient signal transmission for neural 

application [3]. Among conducting polymers, 

poly(3,4 ethylenedioxythiophene) (PEDOT) 

doped with poly(styrenesulfonate) (PSS) has 

become the most promising coating material for 

neural tissue/electrode interface due to its 

significant stability in an aqueous environment. 

PEDOT:PSS was reported to significantly reduce 

electrochemical impedance and electrical noise 

and improve neural adhesion compared to bare 

metallic electrodes.  

In the literature, an appropriate methodology for 

conducting the electrochemical tests of the 

electrodes is still being developed in order to 

obtain the most reliable and reproducibile 

measurement data. One of the parameters that 

can strongly affect the measured data is the 

temperature of the measurements. 

In the literature most of the electrochemical 

analyses of the electrical and chemical interface 

of the PEDOT-based electrodes are carried out at 

room temperature. Since the 

electrochemical/electrical performance of 

conducting polymers depends strongly on the 

measurement temperature [4] it is assumed that 

the studies should be performed at the body 

temperature in simulated body fluid instead of 

the room temperature.  

In this work the effect of the measurement 

temperature on the parameters of the electrical 

interface of state-of-the art PEDOT-PSS 
electrode in simulated body fluid is studied. 

PEDOT-PSS is synthesized by electrodeposition 

on graphite and gold-coated-graphite electrodes. 

All electrochemical measurements are performed 

in phosphate buffered saline aqueous solution 

(pH 7.4) at the room temperature (25 °C) and the 

body temperature (37  °C).  

The results of the study will show whether and to 

what extent the change in the measurement 

temperature will affect the basic parameters of 

the electrical PEDOT-PSS interface, such as: 

interfacial impedance, double layer capacitance, 

potential window, charge storage capacity, and 

charge injection capacity. 

Keywords: coatings, conducting polymers, 

electrochemistry, electrical interface, neural 

electrodes, biomedical applications. 
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Abstract: 

The hydrophobic finishing treatments currently used 

in the leather footwear sector involve, in some cases, 

the use of hazardous chemicals, including 

halocarbon compounds considered greenhouse gases 

(GHG). These gases emit persistent organic 

compounds (POPs) that are harmful to both human 

health and the environment and are therefore limited 

or restricted by current European regulations. 
Therefore, the industry is looking for innovative, 

resource-efficient processes that enable the 

elimination of such chemicals to develop quality, 

safe and low-environmental impact products. In this 

sense, this study investigates the development of 

hydrophobic coatings on leather materials by plasma 

polymerisation with a low-pressure plasma system 

using an organosilicon compound, such as 

hexamethyldisiloxane (HMDSO), as a chemical 

precursor. For such purpose, different parameters 

such as system pressure, monomer flow rate, input 

power and deposition time of the low-pressure 

plasma system have been optimised and the obtained 

plasma-deposited coatings have been characterised 

by different experimental techniques, such as Fourier 

transform infrared spectroscopy (FTIR), X-ray 

photoelectron spectroscopy (XPS), scanning electron 

microscopy (SEM). Furthermore, leather 

performance has been evaluated by standardised tests 

including colour-change, surface coating thickness, 

water contact angle (WCA) and surface roughness 

measurements. The obtained results indicated a 

complete and suitable monomer polymerisation on 

the leather surface, creating an ultra-thin layer based 

on polysiloxane. The surface modification produced 

a water-repellent effect on the leather that did not 

alter the visual appearance or haptic properties. 

Therefore, the application of the plasma deposition 

process showed promising results that make it a more 

sustainable alternative to conventional functional 

coatings, thus helping to reduce the use of hazardous 

chemicals in the finishing process of footwear 

manufacturing. 

Keywords: Low-pressure plasma, plasma process, 

plasma polymerisation, surface modification, plasma 

deposition, coating, hydrophobic, leather, footwear. 

 
Figure 1: Plasma polymerisation coating deposition 

process. 
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Abstract: 

The continuous increase in demand for food 

caused by population growth represents a serious 

challenge for humankind. At the same time, the 

climate change is having significant impact on 

agricultural production and farmers are forced to 

adapt or change existing practices due to the 

change in weather patterns, pest appearance, 
water availability etc. Improving sustainability of 

agriculture and reducing adverse effects of 

agriculture on the environment requires efficient 

technologies that enhance productivity while 

maintaining food quality and safety. The main 

aim is to investigate the potential of non-thermal 

plasmas as a green alternative to conventional 

fertilizers in agriculture to improve yields, 

increase size and robustness of plants, to reduce 

(or eliminate) the need for pesticides and in the 

case of final products treatments of food and its 

packaging. 

First studies pointed out that plasma created 

Reactive Oxygen Nitrogen Species (RONS) 

observed in treatments of seeds and plants led to 

successful application of plasmas for different 

aspects of agriculture and food industry [1, 2]. It 

was shown that, both low pressure and 

atmospheric pressure plasmas can be 

successfully used in stimulation of the seed 

growth, increase of germination percentage and 

decontamination, breaking of dormancy or 

lengthening of the seed sprout. In direct plasma 

treatments, i.e. where seeds are in direct contact 

with plasma or its afterglow, the surface of seeds 

undergoes a variety of changes. Depending on 

the plasma conditions the surface is activated so 

other functional groups can be attached (-COOH, 

-COH, -COO, -NH2, -OH, -NO etc.) and at the 

same time seed surface can be etched and/or 

decontaminated from various types of microbes. 

Plasma treatment of seeds became one of the 

starting points in opening of a wide area of 

applications of plasmas in agriculture and related 

biotechnologies. 

The plants can be grown not just from seeds but 

also from plant meristematic (stem) cells or from 

plantlets encapsulated in synthetic seeds. We 

have performed the treatments of Daucus carota 

and Iris reichenbachii Heuffel. calli by using 

plasma needle that operates at atmospheric 

pressure. We induced significant morphological 

and physiological changes in non-embryonic 

calli toward somatic embryos (SE) formation 

that. Another type of discharge was used for 

treatment of synthetic seeds of several 
Chrysanthemum varieties. We have used 

Dielectric Barrier Discharge (DBD) that operates 

in air at 50Hz frequency. The difficulties related 

to sowing them under non-sterile conditions 

(common soil) are considered to be one of the 

main limitations of the wide practical use of 

Synthetic Seeds technique. Here we will show 

the influence of cold plasma treatment on 

germination, plant growth and development of 

plantlets sowed in sterile and in ex vitro 

conditions. 

Keywords: atmospheric pressure plasma, 

Plasma Agriculture, non-equilibrium discharge, 

plant calli, synthetic seeds. 
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Abstract: 

Over the past few years, the interest in thin film 

technology has grown greatly due to its wide 

range of applications such as photovoltaic solar 

cells [1], energy storage [2], heterogeneous 

photocatalysis or antimicrobial action [3]. In 

addition, as a consequence of the COVID-19 

pandemic, the development of antivirus and 

antimicrobial materials has become increasingly 

relevant all over the world. Accordingly, the 

possibility of being able to functionalize diverse 

types of surfaces without changing their optical 

properties has become a priority. Transparent 

TiO2 thin films coated with Ag NPs were 

synthesized using two industrially applicable 

techniques,pulsed laser ablation (PLAL) and 

spray pyrolysis without using high vacuum. 

These transparent thin films were deposited on 

glass in order to generate glass materials with 

photocatalytic and antimicrobial properties and 

a minimum loss of transparency. The structural, 

morphological and optical properties of the thin 

films were examined using Grazing incidence 

X-ray diffraction (GIXRD), Raman 

spectroscopy, Scanning electron microscopy 

(SEM) and ultraviolet-visible spectroscopy. 

Transmission electron microscopy (TEM) was 

used to identify the NPs on the TiO2 surface. 

The transmittance value for the thin films was 

greater than 80%.The thin films thus 

synthesized were then assessed to determine 

their photocatalytic capacity by monitoring the 

degradation of Rhodamine B (RhB) under UV 

light irradiation. Ag NPs on the TiO2 surface 

ensures an improvement in the photocatalytic 

properties, with a 99% degradation of RhB in 

210 minutes under UV light. In addition, these 

transparent thin films showed high antimicrobial 

activity on Gram-negative bacteria when 

irradiated by UV light for 4 hours, killing 93% 
of these bacteria. 

Keywords: Transparent thin films; Spray 

pyrolysis; Laser ablation; Antimicrobial 

activity; Photocatalysis. 

 

Figure 1: SEM images for the cross section of( 

a) TiO2 transparent thin films, (b) TiO2-Ag 

NPs, (c) top surface of TiO2, and (d) EDS 

spectra for the surface of TiO2. 
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Abstract: 

The medical community has recently shown a 
great interest in Plasma Activated Media (PAM), 

due to their potential for delivering Reactive 

Oxygen and Nitrogen Species (RONS) on 

surfaces without encountering the limitations 

posed by direct application of cold plasma. This 

has opened up a vast and exciting field of 

research in plasma medicine [1]. 

In this study, we aimed to explore the effects of 

Plasma Activated Water (PAW) on in-vitro 

experiments involving bacteria and viruses. Our 

experiments were carried out with the utmost 

care and precision to ensure the validity of our 

results. 

The results of our experiments were highly 

encouraging. PAW was found to significantly 

reduce the infectivity of viruses and inhibit their 

replication in infected cells, without causing any 

measurable harm to the cells or inducing 

inflammation. The treatment was also lethal to 

the bacterium Pseudomonas Aeruginosa, 

demonstrating its potential for effectively 

targeting and eliminating harmful 

microorganisms. 

In order to optimize the delivery of RONS and to 

determine the relative concentrations of different 

species, we used emission UV-VIS spectra 

obtained from the jet of cold atmospheric plasma 

during water activation, and absorption spectra of 

the PAW, to gain a deeper understanding of the 

molecular species present in the solution. 

The results of this study have the potential to be 

highly impactful, not just in the field of plasma 

medicine, but also in the broader field of 

microbiology and infectious disease research. 

The ability of PAW to effectively target and 

eliminate harmful microorganisms without 

causing harm to healthy cells is a major 

advancement in the fight against infections and 

disease. The optimization techniques we 

employed in the study could also be used in the 
development of new and more effective plasma-

based treatments, which could have far-reaching 

implications for human health. 

Keywords: Plasma Activated Media, Reactive 

Oxygen and Nitrogen Species, Antimicrobial 

effect, Plasma medicine, Cold plasma, UV-VIS 

spectra, Absorption spectra. 

 
Figure 1: UV spectrum of air atmospheric 

plasma during the water activation process. 
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Abstract: 

Chronic Ulcers, particularly Venous Ulcers, are 

prevalent in medical practices and pose a 

significant negative impact on the quality of life 
of patients and the global healthcare system. In 

recent years, the use of Cold Atmospheric Plasma 

(CAP) treatment has gained increased attention 

in the medical community, with promising 

results [1], [2]. 

This study presents preliminary clinical results 

obtained from the use of a Cold Atmospheric Air 

Plasma Jet device in a clinical trial of chronic 

ulcers in the legs at Clínica Universidad de 

Navarra in Pamplona, Spain. The results show 

several cases of successful recovery and the 

selection of the most challenging patients with 

large ulcerated areas and previous pathologies 

that resulted in exhausted tissues. 

Additionally, the study presents two interesting 

cases in which previous attempts at closing the 

ulcers using grafts were unsuccessful. The 

innovation in these cases consisted of using the 

air plasma jet to improve the vascularization of 

the ulcerous tissues before performing a new 

graft, with the intention of increasing the 

likelihood of its acceptance. The results of this 

new technique are highly encouraging. 

Overall, these preliminary results demonstrate 

the potential of Cold Atmospheric Plasma as an 

effective treatment for chronic ulcers, 

particularly venous ulcers, and open up new 

possibilities for future research in this field. 

Keywords: Plasma, Cold Atmospheric Plasma, 

Treatment, Venous Ulcers, Torpid Ulcers, 

Clinical Trial, Air Plasma Jet. 

 

Figure 1: Evolution of a Venous Ulcer in a 94 

years old patient. 
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Abstract: 

Microalgae have been identified as a very 

promising candidates for energy and high-value 

products. A major challenge for extracting 

valuable compounds such as proteins, lipids, 

carotenoids, etc. from microalgae is their strong 
and rigid cell wall [1-2]. Various biological, 

chemical, and physical technologies are used to 

effectively disrupt the cell of algae and increase 

the efficiency of extraction of valuable 

compounds. The pulsed electric field (PEF) and 

plasma treatment could be used as an effective 

combination to improve the efficiency of 

extraction [1-3]. The main aim was to investigate 

the effect of a combination of PEF and gliding 

arc discharge (GAD) plasma treatment on 

microalgae. 

The GAD plasma and PEF technologies were 

applied for treatment of Chlorella vulgaris. The 

microalgae were cultivated in a photobioreactor 

using BG-11 medium for 7 days before harvest. 

The plasma irradiation was done using GAD 

plasma system. The compressed air (flow rate 

~22.8 L/min) was used for plasma formation.  

The distance between the "knife-edge" type 

electrodes and surface of the algae suspension 

was 30 mm, duration 300 s, power supply output 

voltages 50–250 V and frequency 270 kHz. PEF 

treatment was done using a high-voltage 

exponential wave pulse generator. The single 

pulse duration was ~10 μs, number of pulses 1 

and 10, repetition frequency 1 Hz and electric 

field strength 23-25 kV/cm. Air plasma 

composition was determined using an acousto-

optic emission spectrometer. The nitrate, nitrite 

and hydrogen peroxide concentrations in algae 

suspension before and after plasma treatment 

were investigated using commercial test and 

protocols. The electrical conductivity, pH values, 

cell permeability, extracted protein content and 

optical density were determined in algae 

suspension after GAD plasma and/ or PEF 

treatment.  

It was obtained that the chlorophyll a content, cell 

density, pH values, conductivity, and viability of 

microalgae depended on the GAD plasma and 

PEF treatment conditions very strongly. The 

enhancement of the plasma discharge voltage 

increased the amount of nitrogen species in air 

plasma and resulted a higher concentration of 

nitrate and nitrite in microalgae suspension and 

supernatant. The pH values were reduced, while 
the conductivity of microalgae suspension was 

enhanced with the increase of plasma discharge 

voltage. No changes in protein concentrations 

were observed when considering the direct effect 

of plasma on the BSA protein suspension. 

However, the increase of signal intensity and the 

blue shift of the peak observed in the 

fluorescence spectra are indicative of a plasma-

induced conformational change in the protein. 

The extracted protein concentration from 

microalgae was slightly increased when the 

combination of GAD plasma (at lower discharge 

voltages) and PEF treatment was used. 

Keywords: plasma, pulsed electric field, 

microalgae, protein concentration, viability of 

the algae. 
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Abstract: 

Cold atmospheric plasma applications in medical 

fields such as cancer therapy has been in center 

of attention for the last decade. Although the 

exact mechanisms are still unknown the results 

has been acceptable. The effectiveness of such 

treatments has been reported many times by 

different research groups especially in in-vitro 

conditions over different kinds of cancer cells [1-

3]. The reactive oxygen and nitrogen species 

generated by cold atmospheric plasma has been 

regarded to plat the main role mostly by inserting 

excessive oxidative stress on the cancer cells 

which could lead to either apoptosis or necrosis. 

The situation is more complex with in-vivo 

studies since a series of complicated interactions 

are involved. In this study and thorough in-vivo 

research on B16/F10 cancer cells injected 

subcutaneously into C57 mice were 

implemented. Tumor growth and progression 

were observed in three different groups. As a 

possibility the effect of the melanin in skin was 

also considered by making a new group with skin 

removal before each treatment. Aside from 

decreasing the tumor growth the most important 

factor was the Immunohistology assays to 

evaluate the immune system involved. The 

Immune Histo Chemistry (IHC) assays involved 

were CD45 (Leukocytes-all types of WBCs) and 

CD8 (Cytotoxic T-cells). In both cases a 

significant difference were observed and was in 

correlation with the tumor size. Liver enzymes of 

the mice such as ALT, AST and LDH were also 

measured which could indicate a progress in the 

treatment process. Although other 
complementary studies are required to detect the 

exact mechanisms and effects of CAP on 
immune cells such as white blood cells, this 

results could also be implemented in unexposed 

cancers if an immune cell treated plasma could 

be more effective in the process. 

Keywords: Cold Atmospheric Plasma (CAP), 

Melanoma Cacner, Cancer therapy, 

Immunological response, CD45, CD8 

 

Figure 1: Tumor size progression of each group 

after daily treatment of CAP for 5 mins. The 

group of mice which their skin where removed 

before each treatment is indicated as Plasma I. 

Plasma II groups are the mice with intact skin. 

Plasma All is the average of the two groups. 

 

Figure 2: IHC CD8 assay for Cytotoxic T-ells of 

a plasma treated samples. The blue dots 

represents the T-cells which are highly visible 

within the cancer tissue 
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Abstract: 

The functionalization of polymeric nanoparticles 

typically requires wet-chemical treatment 

followed by multiple purification steps which 

result in increased costs. Polymeric nanoparticles 

synthesized in a low-temperature plasma exhibit 

ideal properties for their functionalization as 

organic carriers of bioagents. Due to the plasma 

chemical reactions that govern their formation, 
such nanoparticles are constructed with 

embedded reactive radicals that facilitate their 

surface functionalization with therapeutic and 

diagnostic agents [1]. We report the dry synthesis 

and characterization of plasma polymerized 

nanoparticles (PPNs) produced in a low-pressure 

radio-frequency acetylene, argon, and nitrogen 

plasma [2]. We elucidate the relationship 

between parameters such as chamber pressure, 

applied power, and geometry, and the plasma 

behaviour using a continuum model of a 

capacitively-couple radio-frequency discharge 

[3]. We also utilize electrical diagnostics such as 

Langmuir Probe and optical emission 

spectroscopy of the reactive species to further 

understand the mechanisms behind the 

nanoparticle formation. We complement their 

synthesis with the characterization of their 

physical and chemical properties. We 

demonstrate the facile attachment of 

bioconjugates, such as fluorophore and protein 

models in a single-step incubation, through 

radical reactions (Figure 1). The reagent-free 

conjugation process on polymeric nanoparticle 

presented here holds enormous potential to 

accelerate the engineering of biomedical 

nanocarriers for a wide range of modern 

application from in-situ bioimaging and tumour 

targeting to bioactive delivery. 

Keywords: plasma polymerization, 

nanoparticles, capacitively coupled radio 

frequency discharge, nanocarriers, surface 

functionalization, simulation, plasma 

diagnostics, biomedical applications. 

 

Figure 1: Figure illustrating the facile synthesis 

and functionalization of plasma-polymerized 

nanoparticles overcoming the challenges faced 

by traditional wet-chemistry to achieve 

immobilization on the surface of nanocarriers of 

biomedical moieties. 
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Abstract: 

The diagnostics of electrons and ions in plasmas 

and the fluxes of charged and neutral species 

toward plasma-facing surfaces by non-optical 

methods will be discussed. The focus is laid on 

the fundamentals of the most common                 

methods and their application to non-equilibrium 

plasmas and ion beams. The topics include                  

Langmuir probes (LPs), Faraday cups (FCs) and 

retarding field analyzers (RFA), as well as novel 

calorimetric and force probes (CPs, FPs) [1]. 
These rather simple methods are useful tools for 

the measurement of overall, not species resolved, 

ions and neutral species fluxes toward surfaces. 

For example, RFAs provide overall ion energy 

distribution functions (Fig. 1), whereas CPs and 

FPs can even deliver information about fluxes of 

fast neutrals.  

Although many of these diagnostics have their 

roots in the beginnings of plasma research, they 

were gradually refined to match the requirements 

of plasma environments in industry, such as rf-

discharges, reactive plasmas, dusty plasmas, and 

atmospheric pressure plasmas. Examples for 

novel “non-conventional” diagnostics, which are 

applicable in plasma processes, are the 

determination of the total energy fluxes from 

plasma to substrate by calorimetric probes [2,3] 

and the measurement of momentum transfer due 

to sputtered particles or changes of plasma 

pressure by force probes [4,5].  

Most of the discussed methods will stay for sure 

a workhorse in the future plasma research, where 

the fast-growing computational power allows for 

correct analysis and simulation of more complex 

situations including highly collisional sheaths or 

magnetic fields. Furthermore, the current trend in 

the miniaturization of sensors, adopted from the 

manufacturing of MEMS, will allow 

measurements with high spatial resolution in 

miniaturized plasma sources, like plasma jets or 

micro                      discharges. 

Keywords: probe measurements, plasma 

diagnostics, calorimetric probe, force probe, 

plasma surface interaction, plasma processing 

 

Figure 1: (a) Triple grid RFA with typical grid 

biases for positive ion analysis in low-

temperature plasmas. (b) Schematic potential 

distribution. The discriminator grid G2 forms the 

energy barrier for positive ions [1].  
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Abstract: 

Applications of low-temperature plasmas range 

from etching processes and coatings of solids to 

plasma medicine and basic research. Important 

plasma parameters such as density, temperature 

or composition of the species are diagnosed using 

many established methods [1]. However, it is 

difficult to probe the extremely important sheath 
region, which is only a few millimeters thick and, 

thus, not accessible with macroscopic probe 
methods, as they themselves change the plasma. 

In recent years, therefore, microparticles have 

been qualified as probes for so-called non-

conventional plasma diagnostic purposes. Due to 

their size and their behavior in the plasma, they, 

in particular, are well suited for increasing the 

spatial resolution and, thus, providing 

information in addition to common diagnostics 

[2]. 

In this study SiO2 microparticles are in an optical 

trap to manipulate them in the environment of a 

capacitively coupled asymmetric radio frequency 

discharge. In contrast to common plasma 

diagnostic tools (e.g. Langmuir probes, 

calorimetric probes, mass spectrometers etc.), in 

the μPLASMA (microparticles in a discharge 

with laser assisted manipulation) experiment 

particles can be regarded as noninvasive single 

probes [3,4]. The displacement of the particle in 

the laser trap is observed to measure a force while 

it is moving relatively to the plasma, either 

deeper into the sheath or into the plasma bulk. 

Force profiles at different pressures and rf-

powers have been performed in the sheath of an 

asymmetric capacitively coupled plasma. The 

force is mainly determined by the particle charge 

and the electric field in the sheath region. Thus, 
the measured force while moving a single 

particle from the bulk plasma towards the 

electrode surface show a characteristic profile 

with a maximum and a descrease close to the 

electrode (Fig. 1). 

 
Figure 1: Measured force profile while moving 

a single particle in the sheath of a CCP from the 

bulk plasma towards the electrode surface. 

Keywords: plasma diagnostics, radiofrequency 

discharges, plasma sheath, optical trap, force 

measurement, microprobe, residual charge 
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Abstract: 

The standard (industrial) frequency for common 

capacitively coupled rf plasmas used in 

technology is 13.56 MHz. A difference in the 

area of the electrodes results in a negative dc self-

bias voltage at the powered electrode. The gas 

pressure in the device and the dc self-bias mainly 

determine the sheath potential and, thus, the ion 

current density and the ion energy towards the 

electrode surface. An independent control of 

these important properties - especially in 
industrial applications - is desirable but usually 

not possible. By adding a second frequency (1st 

harmonic, 27.56 MHz), a so-called electrical 

asymmetry effect (EAE) 𝑈rf =
1 2⁄ 𝑈0[cos(𝜔rf𝑡 + 𝜃) + cos(2𝜔rf𝑡)] is created, 

which enables the control of the bias voltage and, 

thus, the ion energy almost independent of the 

ion flux by varying the relative phase 𝜃 between 

the two harmonics, while other discharge 

parameters, e.g. gas pressure, stay constant [1]. 

The number of Langmuir probe measurements 

performed in such a discharge amounts to a 

minimum [2]. By using a specially designed 

Langmuir probe based on a passive 

compensation method [3-5] in this dual-

frequency (2f-) plasma, it can be determined to 

what extend the important plasma parameters, 

i.e. electron density and electron temperature, 

change with a variation of the phase between the 

two harmonics.  This work aims to provide data 

from electrostatic probes for a deeper insight into 

the general behavior of these parameters and a 

better understaning of this 2f-plasma.  

The measurements have been performed in two 

different 2f-plasma chambers (CAU Kiel and 
Ruhr-University Bochum), showing different 

dependencies of the parameters on the phase 
(shown exemplarily in Fig. 1,2). 

Keywords: phase variation, radiofrequency 

discharges, Langmuir probe, plasma diagnostics, 

electrical asymmetry effect, physical quantities 

 
Figure 1: Figure showing the electron density 𝑛e 

and dc self-bias 𝑈dc as a function of the relative 

phase 𝜃 between the two harmonics at 5 Pa and 

𝑈0 ≈ 187 V in the microsys chamber in Kiel. 

While 𝑈dc is symmetric around 𝜃 = 90°, 𝑛e 

shows a prominent asymmetry. 

 
Figure 2: Figure showing the electron density 𝑛e 

in the Bochum chamber at 5 Pa and 𝑈0 ≈ 111 V. 

Here, 𝑛e is symmetric around 𝜃 = 90°. 
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Simulation of facility effects on magnetic nozzle expansions. 
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Abstract: 

Electrodeless Plasma Thrusters (EPTs) promise 

many advantages over traditional electric 

propulsion devices. However, this kind of 

thrusters is still underperforming in terms of 

efficiency in comparison with mature 

technologies such as Hall effect (HET) and 

gridded ion thrusters (GIT). One of the main 

characteritics of EPTs is the guided expansion of 

the low temperature plasma into a divergent 

magnetic field region known as the magnetic 

nozzle that confines the plasma radially and 
accelerates it axially. 

Vacuum facility background pressure is known 

to affect the expansion of plasma in HET. 

However, the effect of this background pressure 

has not been thoroughly studied in magnetic 

nozzles. Here we model the expansion and 

acceleration of plasma in a magnetic nozzle 

immersed in a background of neutrals. The model 

consists of a two fluid plasma, consisting of 

mass-less, warm, perfectly-magnetised electrons 

and cold weakly magnetized ions1. Collisions are 

not considered except for the ionization 

collisions against the constant density 

background of neutrals. Under this assumptions 

the equations for the electrons are found to be 

algebraic while the ion equations are integrated 

using a Discontinuous Galerkin FEM scheme. 

This way we obtain the maps for the most 

relevant plasma properties and the thrust 

produced by the nozzle. 

Keywords: electric propulsion, space 

propulsion, plasma physics, magnetic nozzles, 

low temperature plasmas, facility effects. 
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Abstract: 

Existing Electrodeless Plasma Thrusters (EPTs) 

such as the Helicon Plasma Thruster (HPT) or the 

Electron-Cyclotron Resonance Thruster (ECRT) 

consist of a cylindrical ionization vessel into 

which propellant is injected, and an external 

magnetic nozzle to expand the plasma and 

generate magnetic thrust1,2.One of the major 

drawbacks is the magnetic nozzle, which 

imprints a high divergence angle to the plasma 

jet, increasing radial losses and creating a highly 

energetic plasma environment around the 

spacecraft3. As a consequence of this issue, EPTs 

have not yet proved competitive in terms of 

performances in comparison with mature 

technologies like Hall effect and gridded ion 

thrusters. 

This work proposes and explores a new geometry 

for an EPT based on the interaction of two ECR 

sources and presents the design and experimental 

characterisation of its laboratory prototype. 

The MAT2 thruster, illustrated in Figure 1, 

consists of two identical ECR sources, each 

constituted of four main parts: (1) a first coil 

meant to produce a sufficient magnetic field 

strength to enable Electron-Cyclotron Resonance 

(ECR) of the plasma, (2) a magnetic nozzle coil, 

(3) cylindrical ionization vessel and (4) an 

antenna allowing the transmission of the 

microwave power to ionize the neutral gas by 

ECR. The sources can be estranged one from 

another and can be tilted around their center. The 

main interest of this geometry lies on one key 

factor . The magnetic arch topology that forms 

outside of the thruster as the magnetic lines of the 

two magnetic nozzles with opposing polarity 

connect features a lower divergence than a single 

diverging, axisymmetric magnetic nozzle, and 
different expansion physics where the plasma-

induced magnetic field is expected to play a 

major role. The MAT2 represents more a new 

type of EPTs than a simple combination of 

existing ones based on its magnetic arch and on 

the interaction in between the sources. 

Moreover, the external expansion and interaction 

of the jointed plumes is placed at the center of  

this work as the new magnetic topology implies 

the possibility of enabling thrust vectoring and 

improved performances. Opposed polarity 

magnetic nozzles also arise new questions around 

the detachment of the plasma and its effects on 

the thruster’s characteristics.  

Magnetic probe, Langmuir probe and Faraday 

cup measurements are carried out on the plume 

region of the MAT2 thruster prototype to 

characterise key plasma properties including 

plasma density, electron temperature, 

electrostatic potential, magnetic field, and ion 

current density. 

Keywords: electric propulsion, electrodeless 

plama thrusters, magnetic nozzles, space 

propulsion, low temperature plasmas, electron 

cyclotron resonance thrusters, microwaves. 

 

Figure 1: Photography of the prototype of the 

MAT2 thruster ; (1) Main coils, (2) Magnetic 

nozzle coils, (3) Ionization chambers, (4) 

Microwave power coupling system. 
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Abstract: 

A two-dimensional complex plasma containing 

active Janus particles was studied experimentally 

[1]. A single layer of micrometer-sized plastic 

microspheres was suspended in the plasma 

sheath of a radio-frequency (rf) discharge in 

argon at low pressure. The particle sample used 

was a mixture of regular particles and Janus 

particles, which were coated on one side with a 

thin layer of platinum. The experiments were 

carried out in a modified Gaseous Electronics 

Conference (GEC) rf reference cell. Plasma was 

produced by a capacitively coupled rf discharge 

in argon at 13.56 MHz. The gas pressure was 

1.66 Pa, the discharge rf power was 20 W. 

As expected, the regular melamine-

formaldehyde (MF) particles formed a two-

dimensional triangular lattice (plasma crystal) in 

our experimental conditions. The lattice 

consisted of ≈ 1900 particles and was highly 

ordered, as evidenced by the pair correlation 

function for particles g(r) with the high first and 

split second peaks. 

On the contrary, the suspension of the mixed 

Janus particles did not crystallize. Instead, the 

particles energetically moved around colliding 

with each other. The pair correlation function for 

the mixed Janus particles g(r) indicates a highly 

disordered (gas-like) state. 

The mean-squared displacement MSD(t) of the 

mixed Janus particles is shown in Fig. 1(a). It 

scales as MSD(t) ∝ tα with α = 2 at small times t 

≪ γ−1, where γ is the neutral-gas damping rate for 

the particles, indicating ballistic motion. Here, 

the particle inertia is important. At later times, the 

dynamical exponent α(t) declines, finally 

reaching the value of ≈ 0.56, see Fig. 1(b). We 

ascribe this to the combined effect of the Janus 

particle propensity to move in circular 

trajectories due to a combination of the 

photophoretic force from the illumination laser 

and the oppositely directed ion drag force [2] and 

external confinement. 

Keywords: complex plasma, active matter, Janus 

particles, plasma coating. 
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Figure 1: (a) Mean-squared displacement 

MSD(t) of the mixed Janus particles (upper 

curves) and regular MF particles (lower curves). 

(b) Dynamical exponent α for the mixed Janus 

particles. The left (right) error bars are for t < 2 s 

(t > 2 s). The illumination laser power was 14 

mW (blue down triangles and lines), 76 mW 

(green circles and lines), and 99 mW (red up 

triangles and lines). The inertial delay time τm = 

γ−1, where γ is the neutral-gas damping rate for 

the particles is shown by vertical arrows. 

References: 

1. Nosenko, V. (2022), Two-dimensional 

complex (dusty) plasma with active Janus 

particles, Phys. Plasmas, 29, 123701. 

2. Nosenko, V., Luoni, F., Kaouk, A., Rubin-

Zuzic, M., and Thomas, H. (2020), Active 

Janus particles in a complex plasma, Phys. 

Rev. Research, 2, 033226. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 74



Characterization and Modelling of Surface Plasma Devices 
 

S. Marín-Meana1,2, *, G. Regodon-Harkness2, A. Palmero2, J. Cotrino1,2 , A. R. González-Elipe2, A. 

Gómez-Ramírez1,2 and M. Oliva-Ramírez1,2. 

 1Departamento de Física Atómica, Molecular y Nuclear, Universidad de Sevilla, Avda. Reina 

Mercedes, E-41012 Seville, Spain. 

 2Laboratory of Nanotechnology on Surfaces and Plasma. Instituto de Ciencia de Materiales de Sevilla 

(CSIC-Universidad de Sevilla), Avda. Américo Vespucio 49, E-41092 Seville, Spain. 
 

Abstract: 

Plasma actuators are Dielectric Barrier 

Discharges (DBD) devices that present one 

dielectric material covering all the space between 

the two electrodes1. The electrode configuration 

is usually asymmetrical to concentrate the 

generation of plasma on the active electrode side. 

Plasma actuators have been demonstrated to be 

useful for anti-icing and deicing in plane wings 

and in blades of aerogenerators2. Herein, we 

report the assembling of a surface plasma 

actuator (Figure 1) with a digitated active 

electrode using different materials as dielectric 

barriers (SiO2, Al2O3, and LiNbO3).  The 

influence of the voltage and the frequency on 

their performance was assessed by applying a 

sinusoidal electrical signal for plasma ignition. 

Our results reveal that the consumed power 

increases with the dielectric constant of the 

barrier material as well as with the applied 

voltage and the increasing frequency. 

Furthermore, the consumed power also changes 

with the distance between the digits of the active 

electrode, and it was found to be maximum at a 

distance of 3mm. We analyzed the plasma light 

emission of the devices along the direction 

perpendicular to the digits by means of Optical 

Emission Spectroscopy (OES). Our 

measurements show a predominance of the 

Second Positive System (SPS) of N2
* throughout 

the spectra, together with emission coming from 

the First Negative System (FNS) of N2
+* when the 

device is operated in an air atmosphere. The OES 
also showed that the intensity of the emission 

relates with the morphology of the active 

electrode.  

2D and 3D COMSOL Multiphysics simulations 

were carried out to depict the electrical behavior 

of several magnitudes for a better understanding 

of our devices. In particular, the electric field, the 

electric voltage, the electric displacement, and 

the current displacement were obtained. All these 

quantities showed a periodic behavior over the 

digitated electrode and the potential and electric 

field profiles along the y-axis revealed that these 

quantities are maxima at the edges of the digits, 

which reproduce the relation between the 

morphology of the electrode and the emission 

obtained experimentally by OES. 

Keywords: surface plasma generation, optical 

emission spectroscopy, Comsol Multiplhysics, 

plasma actuator, digitated electrode, atmospheric 

pressure plasma. 

 

Figure 1: Scheme of the surface plasma device.  
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Abstract: 

Ion beam trimming (IBT) uses a broad focused 

ion beam, to locally modify the surface of 

processed semiconductor substrates or optics for 

the utilization in various applications, e. g. 

augmented reality devices, telescope mirrors and 

MEMS. Thereby, the ion beam width must be 

adjusted to match the respective topography 

error. Development and optimization of such 

adapted ion beams can be greatly accelerated 
using a simulation model of the ion source. We 

present approachs to calculate the ion beam 

properties using the source geometry and 

operation conditions. Thus, the beam width can 

be predicted, optimizations of the ion source can 

be investigated and the development of new 

source concepts can be supported. 

In a first stage, we experimentally studied the 

extraction of a positive Ar-ion beam from an 

inductively coupled plasma (ICP) through a 

three-grid extraction-system. The results are used 

to verify the theoretical model. Moreover, they 

define input parameters for the simulation, which 

include beam and plasma properties. As 

measurements of the plasma density and electron 

temperature in an industrial ion source assembly 

are difficult to realize, we implemented an 

analytical model for gridded ICP [1], in addition 

to the experimental data. It is capable of 

calculating the plasma parameters from the actual 

applied operation conditions, e. g. Ar-gas flow 

rate and applied radio-frequency power. Finally, 

with the initial data, two simulation approaches 

are investigated and compared, which calculate 

the actual ion beam extraction numerically. 

Our first simulation method is a trajectory-based 

approach from the code IBSIMU [2]. The 

interaction between ion trajectories and plasma is 

based on a plasma sheath approximation. The 

model yields a simulated ion beam, showing 

good qualitative and quantitative agreement with 

the experiment. Thus, it is suitable for trend 

studies of the system and simple optimizations, e. 

g. regarding the extraction geometry. 

Nevertheless, several assumptions in the model, 

lead to a rather simple description of the space 

charge compensation (SCC) and actual plasma.  

To overcome limitations of the first model, we 

investigate a coupled particle-in-cell (PIC) and 

direct-simulation monte-carlo (DSMC) approach 

using the code PICLAS [3]. It includes multiple 

charged and neutral species, to ensure a physical 

coherent representation of the system. Yet, we 

used the Boltzmann relation to describe the 

electron population in the plasma and the beam 

(for SCC), to reduce the computation time. The 

simulated ion beam matches the experimentally 
observed properties well. Additionally, it 

provides access to actual plasma parameters 

(species densities and temperatures) and a more 

accurate depiction of SCC effects, which are 

analyzed, optimized, and compared to 

experiments. 

Keywords: inductively coupled plasma (ICP), 

ion beam extraction, broad ion beam, focused ion 

beam, plasma simulation, ion beam simulation, 

gridded ion source, particle-in-cell (PIC). 
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Abstract: 

The interaction of the arc with the electrodes is of  

high importance during the design and operation 

of breaking and switching devices. It is well 

known that the arcing can cause damaging effects 

on the metallic parts affecting their lifetime and 

performance. Some of these effects include: the 

erosion, welding, and surface changes of the 

electrodes. Similarly, hot spots formed by the arc 

on the electrode surface may lead to evaporation 

of the metal also affecting the surrounding gas 

atmosphere [1, 2]. The coupled effect of these 

complex physics will have an impact on the 

global behaviour of the arc and its understanding 

is key for the optimal tuning of circuit breakers 

and contactors. In particular, the use of 

computational tools to model the phenomena 

involved could help improve the development 

process of current interrupting devices. 

This work proposes a numerical study of the arc-

electrode interaction during the separation of two 

cylindrical electrodes. An AC model of the arc 

was implemented in ANSYS FLUENT following 

a magnetohydrodynamic (MHD) description of 

the plasma. The interactions between the arc and 

electrodes are defined as boundary conditions at 

the interface [3] and coupled with a description 

of the electrode ablation to include the effects of 

metal vapors on the arc. 

Simultaneously, an experimental study was 

performed to compare with the simulation 

results. The setup consists of two parallel 

contacts that open with an electrical load to 

obtain an electric arc. For each test, the electrode 

displacement, arc voltage and arc current are 

measured, in addition to high-speed video 

recordings of the arc. 
The comparison of the numerical results with the 

experimental data shows a good agreement of the 

arc voltage and arc current. Similarly, the arc 

traces measured on the electrode surface after the 

arcing correspond to the arc attachment to the 

electrodes resulting from the simulations. High-

speed images of the arc are also compared with 

the calculated temperature and metal distribution. 

Finally, a study of the impact of the electrode 

material on the numerical simulations was also 

performed. 

 

Keywords: Arc-electrode interaction, air-metal 

mixtures, contact separation, electrode ablation, 

high-pressure arc discharge. 

 

Figure 1: High-speed image of an electric arc 

ignited after the separation of two parallel 

electrodes. 
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Abstract: 

High-entropy alloys (HEAs), consisting of five 

or more principal elements with a near equimolar 

ratio, were first demonstrated in 2004 and has 

become one of the most transformative concept 

in current alloy design1. Despite the tendency to 

segregate or order with similar elements, such 

alloys can be stabilized by their high 

configurational entropy and are named high-

entropy alloys (HEAs). Homogenous mixing of 

large number of elements induces synergistic 

effects among different elements, thus results in 

unusual combinations of functional properties 

appealing to broad range of applications such as 

structural alloys, catalysis, sensing, and energy 

storage2. While the synthesis of bulk HEAs has 

been the main focus in the past decade, nano-

sized HEA particles are emerging as a new class 

of multifunctional materials3. Scalable and 

economically viable synthetic methods for HEA 

nanoparticles (NPs) are of particular interest, yet 

the controlled incorporation of multiple elements 

into a tiny particle (< 100 nm) remains a 

significant challenge requiring extreme 

fabrication conditions3. Metal salts are often 

employed as precursors because of their low 

decomposition temperatures, yet contain 

potential impurities. Here, we report an ultrafast 

(< 100 ms), one-step method for the continuous 

synthesis of HEA NPs directly from a mixture of 

elemental metals, based on the thermal  plasma 

jet technology4. A RF induction thermal  plasma  

jet plasma jet (> 5,000 K) was employed for rapid 
heating/cooling (103−105 K/s), and demonstrated 

the synthesis of CrFeCoNiMo HEA NPs (~50 

nm) at an unprecedentedly high rate approaching 

35 g/h. Our thermofluid simulation reveals that 

the properties of HEA NPs can be tailored by the 

plasma gas which affects the thermal history of 

NPs. The as-synthesized HEA NPs were 

exploited as high-performance photothermal 

materials, and demonstrated a high light 

absorptance of > 96 % over a wide spectrum 

without noble metals, thus will make an impact 

in the cost-effective, large-area solar energy 

harvesting for thermophotovoltaics, 

photocatalysis, and water desalination.   

Keywords: high-entropy alloy, nanoparticles, 

scalable synthesis, thermal plasma 

 

Figure 1: TEM (top-left), HR-TEM (top-

middle) and HAADF-STEM (top-right) images 

of CrFeCoNiMo HEA NPs produced with a RF 

induction thermal plasma jet. Scale bar, 200 nm 

(TEM), 10 nm (HR-TEM) and 100 nm 

(HAADF).  EDX elemental maps of single 

(middle) and multiple HEA NPs (bottom), 

showing homogenous distribution of the five 

metals in particles. Scale bar, 25 nm (single NP) 

and 100 nm (multiple NPs) 
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Abstract: 

The direct synthesis and deposition of functional 

thin films from the plasma-induced 

polymerization of liquid layers is a fast and up-

scalable deposition method which offers the 

advantage of increasing the monomer to polymer 

conversion yield. In contrast to other plasma 

deposition processes of polymeric thin films, 

where the monomers are supplied from the 
vapour phase2 or delivered as aerosols to the 

plasma zone, only a scarce number of studies 

have focused on the “plasma curing” of liquid 

layers1,3. In this contribution, the plasma-induced 

free-radical polymerization of liquid layers of 2-

hydroxyethyl methacrylate (HEMA) is studied 

(Fig. 1a), and the chemical structure, the 

polymeric growth and the deposition rate of the 

resulting thin films correlated with the process 

parameters. In particular, high-resolution mass 

spectrometry (HRMS) investigations allowed 

depicting the effect of key parameters such as 

monomer delivery rate and plasma pulse 

frequency on the polymerization of HEMA (Fig. 

1b). Recommendations on the parameters 

enabling the formation of thin films with both 

high retention of the monomer structure and high 

growth rate are provided. 
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Figure 1: (a) Schematic of the atmospheric-

pressure dielectric barrier discharge used in this 

study and (b) HRMS spectra (m/z = 960 to 1120) 

of the HEMA-based thin films prepared using 

different delivery rates and plasma pulse 
frequencies. Orange dashed lines indicate peaks 

attributed to ionized adducts correlated to a 

single σ-bond plasma-induced HEMA fragments 

introduced as end-groups. Green dashed lines 

indicate peaks with additional 

incorporation/subtraction of oxygen (side-

reactions). 
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Abstract: 

Machine learning (ML) is quickly becoming a 

valuable tool in science and industry.  In 

computational plasma physics, detailed 

simulations containing hundreds of reactions are 

computationally expensive, and the number of 

simulations required to produce a useful training 

data set further amplifies the computational 

expense. To this end, we ran Aleph, a highly 

parallel electrostatic particle-in-cell (PIC) code, 

on the super computers at Sandia National 

Laboratories.  Aleph uses Direct Simulation 

Monte Carlo (DSMC) for electron-neutral and 

ion-neutral collisions, and our Aleph simulations 

were conducted in a one-dimensional, 4 cm gap 

containing Argon gas and an applied RF 

frequency of 13.56 MHz [1].  Included reactions 

were elastic scattering, excitation, ionization, 

multistep ionization, and ion charge exchange.  

Only two discharge parameters were explored for 

this particular work spanning over a pressure 

regime from 0.1 Pa to 50 Pa and a voltage range 

of 100 V to 1000 V.  In total, we ran 900 

simulations, corresponding to 30 data points for 

both voltage and pressure, to calculate various 

plasma characteristics such as electron and ion 

densities, temperatures, and ionization rates.  

Key to plasma processing performance, the ion 

energy and angle distribution functions were 

calculated. Approximately 3000 processing cores 

were used continuously for 3 months to produce 

this data set. This data will be made openly 

accecible and ultimately used to develop suragate 

models with ML that will predict plasma 

parameters within operating regimes relevant for 

plasma source design. 

Keywords: machine learning, rf plasmas, plasma 

processing, ion distribution functions, electrons, 

density, plasma characteristics, training data, 

high performance computing 

 

 

Figure 1: Ionization rate as a function of location 

in the gap and time for a peak-to-peak voltage of 

2 kV, frequency of 13.56 MHz, and pressure of 

50 Pascals.  Very little ionization is observed 

near the edges of the plasma. 
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Abstract: 

Plasma electrolytic oxidation (PEO) is widely 

used to improve the corrosion and wear 

resistance of lightweight metals such as 

aluminium alloys by the formation of a protective 

oxide coating. However, the PEO process 

remains ineffective for ferrous metals. To 

overcome these limitations, the feasibility of 
applying a duplex treatment combining cold-

spray deposition (CS) and PEO was recently 

proposed [1]. 

In the present communication, this duplex 

treatment is used as a new route to prepare 

ceramic composite coating on steel. Among the 

oxide-based composites, the Al2O3-ZrO2 system 

has demonstrated unique features to achieve 

synergetic protective properties combining the 

high hardness and high chemical inertness of 

alumina with the excellent toughness of zirconia 

[2]. As illustrated in figure 1, the proposed 

duplex treatement consists in first, 

simultaneously cold-spraying alumiunium and 

zirconium metallic particles on a steel substrate, 

and then, oxidizing part of the CS layer through 

PEO.  

First, after cold-spray, results show the 

possibility to produce a dense and thick Al/Zr 

metallic composite coating on steel with an 

adequate control of the metallic particles 

composition and distribution throughout its 

thickness. Secondly, after PEO treatments, 

results also evidence the feasability of preparing 

ZrO2/Al2O3 composite coatings with a right 
control of the oxide thickness and morphology 

mainly by varying the PEO processing conditions 

(Figure 1). Finally, wear tests and friction 

coefficient measurements were also performed 

and results will be discussed by comparing them 

with conventional PEO coatings. 

Keywords: Duplex surface treatment, Cold 

spray, Plasma electrolytic oxidation, Ceramic 

composite coating, Alumina, Zirconia 

 

Figure 1: Preparation of a ZrO2/Al2O3 ceramic 

composite coating by combining cold-spray 

deposition and plasma electrolytic oxidation.  
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Abstract: 

Plasma electrolytic oxidation (PEO) is an 

electrochemical conversion process suited for 

producing wear and corrosion resistant oxide 

coatings on valve metals (e.g. Al, Ti, Mg, Zr). 

Recent developments have shown a growing 

interest for the preparation of composite coatings 

through the incorporation of solid nanoparticles 
in the growing oxide by dispersing them in the 

electrolyte beforehand. A large diversity of 

metallic ceramic or polymeric particles have 

been used to further increase the barrier 

properties of the oxide coating [1]. On the other 

hand, other types of particles such as carbon 

nanoparticles have not yet been thoroughly 

investigated.  

As such, this work aims at investigating the PEO 

of aluminium achieved within a carbon 

nanoparticles dispersion (carbon nanotubes, 

nano-graphite, carbon black). More specifically, 

in-situ electrical monitoring of the PEO 

treatments and post-process coating 

characterizations allows studying the influence 

of electrical supplying with or without carbon 

nanotubes.  

First, results show that the presence of carbon 

nanoparticles promote an earlier transition from 

the arc to the “soft” regime [2], which has never 

been reported before (figure 1). Meanwhile, the 

presence of carbon nanoparticles results in an 

alteration of the morphology of the oxide coating, 

the latter being thicker but more irregular and 

porous than that achieved without carbon 

nanoparticles [3]. 

Additionally, the present communication is an 

opportunity to expose the challenges considering 

the characterization of incorporated carbon 

nanoparticles, that are mainly addressed through 

the combination of complementary 

characterization techniques, including Raman 

spectroscopy, high-resolution scanning electron 

microscopy and transmission electron 

microscopy. 

Finally, the correlation between the ex-situ 

characterization of the coatings and the in-situ 

electrical response during the PEO treatments 

allows further understanding of the mechanisms 

of the “soft” regime appearance as well as the 

mechanisms of carbon nanoparticle 

incorporation into the PEO oxide coating.  

Keywords: plasma electrolytic oxidation, micro-

arc oxidation, “soft” regime, carbon nanotubes, 

nano-graphite, carbon-black 

 

Figure 1: Figure illustrating (A) the electrical 

behavior during the PEO treatment of aluminium 

for two different charge ratios with and without 

carbon nanotubes and (B) respective 

photographs of the samples. 
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Abstract: 

Ice adhesion and accretion on exposed surfaces is 

a ubiquitous and unavoidable phenomenon that 

occurs in nature through various types of 

precipitation, including frosting, condensation 

freezing, and frozen rain. These icing issues 

produce irretrievable losses, economic costs and 

safety issues in daily life [1]. Icephobic or anti-

icing surfaces refer to a surface’s capacity to 

repel incoming water droplets, delay ice 
formation, limit ice growth and minimize ice 

adhesion. Good correlation between 

hydrophobicity and reduction of ice adhesion has 

been reported [2]. Indeed, superhydrophobic 

surfaces (water contact angle  > 150◦) have 

shown promising anti-icing performance. A 

major challenge of non-fluorinated 

superhydrophobic coatings is the low robustness 

of the infused nanoparticles in coating films 

compromising their non-wetting properties. In 

this paper we developed a transparent 

superhydrophobic and icephobic coating using a 

low pressure plasma system and an atmospheric 

pressure plasma polymerization technique 

(Figure 1). We optimized the deposition 

chemistry and the influence of different 

operational parameters (discharge power, 

deposition time, precursor flow rate, substrate-

plasma distance, ...) on thin film properties. The 

surface wettability was assessed in terms of 

contact angle (CA) and sliding angle of water at 

different subfreezing temperatures. The 

developed  superhydrophobic coating with water 

CA of 160º and sliding angle of 2º showed 

appropriate adhesion to different substrates, 

optical transmittance of 85% in the visible-light 

region, and great non-wetting properties even 

after various harsh environmental conditions, 

i.e., waterjet impacting, immersing in water and 

acid/base solutions and UV degradation test. 

Self-cleaning tests showed that the 

superhydrophobic surfaces could shed various 

contaminants in different types of contamination. 

To determine ice adhesion strength (IAS), we 

used a centrifugal instrument after an icing 

procedure that took place within a wind tunnel. 

The adhesion reduction factor (ARF) was defined 

as the ratio between IAS on an untreated and a 

coated surface. The ice adhesion strength of the 

superhydrophobic surface became 4.2 times 

lower than that of the untreated surface. 

Keywords: Superhydrophobic coating, Plasma 

polymeri-zation, HMDSO, transparent coating, 

Icephobicity 

 

Figure 1:  Image of an open-air atmospheric-

pressure plasma jet from Plasmatreat 

(Plasmatreater AS400, Plasmatreat GmbH) 

used for developing a transparent 

superhyfdrophobie and icephobic plasma 

polymerized HMDSO coating  
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Abstract: 

Microarchitectured steel surfaces are usually 

manufactured with a top down strategy 

(removing matter from the substrate), or a 

bottom-up strategy (adding matter over a 

substrate). Additive manufacturing (AM) 

processes using stainless steel are expensive 

because of the price of the stainless steel powder. 

Moreover, the precision of these technologies 
rarely goes under 200µm. The present work, 

inspired from jewelry processes and prothesis 

manufacturing, couples two technologies, ie 

polymer 3D printing and vacuum casting to 

create, using stainless steel wastes, various bio-

inspired microarchitectured 316L stainless steel 

surfaces. Stainless steel casting for under 

millimetric details constitutes a technical 

challenge because of the high surface tension, 

high dynamic viscosity and high working 

temperature (1600°C) of the steel. Different 

microtextured surfaces inspired from natural 

shapes (fish scales, drops, honeycomb, etc.) were 

successfully fabricated. Their aspect, roughness 

and impact of the process on the final texture are 

discussed. In addition, a nanorough coating is 

applied using atmospheric pressure plasma 

polymerization of a bilayer using 

hexamethyldisiloxane and 1H,1H,2H,2H-

perfluorooctyltriethoxysilane as precursors. A 

hyperhydrophobic behavior have been observed 

after this bilayer deposition. 

At our knowledge, this is the first published work 

showing the design of microtextured stainless 

steel surfaces obtained by this additive 

manufacturing technique. 

Keywords: Superhydrophobic surface, Additive 

manufacturing, Investment vacuum casting, 

Stainless steel, Atmospheric plasma pressure 

polymerization, Bilayer coating 

 

Figure 1: Different shape designs: (a) Fish scale 

1, (b) Fish scale 2, (c) Honeycomb and (d) Peak 

(Optical Microscope) 
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Abstract: 

Thin film materials are key components in a large 

variety of fields including automotive and 

mechanical engineering, optics, micro- and 

nanotechnology, medical applications, 

photovoltaics and display technology. 

Stoichiometric SiO2 is one of the most used 
coating deposited by Physical Vapor Deposition 

(PVD) for various applications. Although 

magnetron sputtering PVD process is widely 

used to deposit nanometric layers of various 

compounds, in the case of SiO2, it is only suitable 

for thin layers for industrial applications. An 

alternative to the magnetron sputtering process 

for production of thick (and thin) SiO2 coating is 

the Plasma-Enhanced Chemical Vapor 

Deposition (PECVD) process, like for example a 

process based on hollow cathode source (HC) 

where O2/TMDSO is used as gaseous precursors. 

Unfortunately, coating composition will vary 

strongly with the process parameters, and their 

impact on film quality and uniformity is not well 

understood today. 

The aim of this work is to model the whole 

PECVD process, from the plasma simulation 

based on a global (zero-dimensional) plasma 

model of the HC process with full O2/TMDSO 

chemistry, to the  film growth using a kinetic 

Monte Carlo approach using the software 

NASCAM[1], and finally to the prediction of the 

film properties (chemical composition, density,... 

– see Figure 1). A special attention is paid to the 

surface chemical reactions occurring at the 

surface of the sample during the deposition, by 

computing by DFT (Density Functional Theory) 

the sticking coefficients and reaction 

probabilities of any deposited species. 

Keywords: SiO2 coating, PECVD, TMDSO, 
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kinetic Monte-Carlo, Density Fonctional Theory. 

 

Figure 1: prediction of SiO2 thin film chemical 

composition in function of the TMDSO inflow, 

O2 inflow and the power. 
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Abstract: 

Expanded polypropylene (EPP) is hugely used in 

the automotive field because of its reasonable 

cost, high-impact absorption properties, and 

excellent strength-to-weight ratio, allowing it to 

replace various structural elements in cars while 

ensuring passenger safety. However, EPP has 

high flammability and low light stability. In order 

to reach the quality requirement for automotive 

applications, coatings can be used to improve 
both flame retardant and light stability properties. 

Unfortunately, EPP beads have low surface 

energy and no polar functional group to provide 

good adhesion of coatings. They must be treated 

to create polar functional groups (alcohol, 

carboxyl groups) on the extreme surface. Surface 

hydrophilicity and surface energy are improved, 

and better adhesion of the coating is obtained. In 

this work, EPP beads have been treated with low-

pressure cold argon plasma (Figure 1). This 

process is fast (only a few minutes), efficient 

(decreases the contact angle from 105° down to 

40° in 170s and environmentally friendly (no 

solvents and toxic compounds). In order to 

reduce the contact angle, the plasma conditions 

(gas flow, power and time) have been optimized, 

and further adhesion of coatings has been 

evaluated using microscopic analyses (Figure 2). 

Then, a scale-up of the surface treatment was 

investigated for an industrial application. Finally, 

the formulation of the coating and the thickness 

were optimized in order to further mold by 

thermoforming the coated beads. 

Keywords: Low-Pressure Cold Plasma; 

Expanded Polypropylene; Functionalization; 

Coating; Flame retardancy. 

 

 

Figure 1: Image of the plasma CD 1200 device 

 

Figure 2: SEM image of the cross-section of coated 

EPP beads x90 
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Abstract: 

High entropy metal sub-lattice stabilized nitride 

coatings based on multicomponent refractory 

transition metals (TM = Ti, Nb, V, Ta, Zr, Hf) are 

promising candidates for extreme conditions due 

to their high thermal, mechanical and corrosion 

properties. The aim of the current work was to 

compare the processes of reactive sputtering in 

the case of relatively novel High Target 
Utilization Sputtering (HiTUS) method with the 

case of DCMS in the deposition of 

multicomponent TiNbVTaZrHf–Nx coatings. 

The main tasks of the work included the 

investigations of reactive processes - target 

poisoning, hysteresis behavior and pressure 

changes in the plasma, as well as resulting 

coating structure, composition, stoichiometry 

and mechanical properties. The sputtering 

occurred from TiNbVTaZrHf target densified 

from a mix of corresponding coarse grained 

transition metals. 

The results showed that target poisoning 

occurred in DCMS and HiTUS in different extent 

in the racetrack and in the rims outside of the 

zone of active sputtering. Moreover, 

topographies of individual TM grains 

substantially differed, most probably depending 

on the orientation of a given grain as well as its 

composition and presence of nitrogen. Despite 

target poisoning, hysteresis behavior in the 

studied range of nitrogen additions was 

negligible or within the scatter of measurement 

both in HiTUS and DCMS.  

Structure of the DCMS deposited 

TiNbVTaZrHf–Nx coatings was always 

crystalline and textured regardless of nitrogen 

additions into the sputtering atmosphere whereas 

a transition from amorphous in metallic alloy 

coatings to textured nano-columnar accompanied 

by a formation FCC structure with the increase of 

nitrogen content was observed in HiTUS 

coatings. Despite certain deviations of TM from 

equiatomic concentrations, homogeneous solid 

solutions corresponding to single phase 

multicomponent nitrides analogous to nitrides 

with the metallic sub-lattice stabilized by high 

configurational entropy were obtained in both 

cases.  

Mechanical properties were found to be 

proportional to nitrogen content. The highest 

hardness in DCMS coatings of HIT ~ 40 GPa and 

indentation modulus EIT ~ 490 GPa were slightly 

higher than in the HiTUS coatings (HIT ~ 33 GPa 
and EIT ~ 400 GPa) and they were obtained in 

slightly sub-stoichiometric (48 at % and 45 at % 

of nitrogen, respectively) compositions. HIT/EIT 

and limited pillar split measurements suggested 

these coatings exhibit low fracture toughness 

(around 1 MPa.m1/2).  

The work confirmed that HiTUS can produce 

homogeneous multi-metal solid solution nitride 

coatings with similar structure and mechanical 

properties as in those obtained by DCMS. 

Moreover, reactive HiTUS and DCMS were able 

to produce multicomponent nitrides with the 

metal sub-lattices stabilized by configurational 

entropy despite non-equiatomic TM 

concentrations and their (nitrogen) stoichiometry 

can be controlled only by the amount of nitrogen 

in the sputtering atmosphere without a need for 

the control of target poisoning.  
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Abstract: 

High Power Impulse Magnetron Sputtering 

(HIPIMS) has been well known for 

delivering high quality coatings with 

excellent mechanical properties. HIPIMS 

produces high density microstructures due 

to the delivery of an ionised metal and 

dissociated oxygen flux, that can be used to 

deposit high density transparent oxide 

layers. Increased film density improves the 

environmental viability of photovoltaics‚ 

displays and low emissivity layers in 

glazing. Initially, HIPIMS was used only 

for hard films on a small scale. Nowadays, 

technology development has allowed to use 

it in more complex processes on a large 

scale. HIPIMS dual-magnetron bipolar 

sputtering (Bipulse HIPIMS) allow use of 

non-conducting targets and improve arc 

event mitigation. 

ZrO2 films were deposited in a large-scale 

coater with ZrOx rotary targets of 3852 mm 

length in an argon-oxygen atmosphere. 

Films deposited by Bipulse HIPIMS were 

compared with Bipolar DC & MF AC 

sputtering with powers up to 120 kW AC. 

Bipulse HIPIMS allows for a stable 

operation even when using high current (up 

to 2kA), due to the discharging of the target 

surface. The HIPIMS process was carried 

out by controlling the current within the 

pulse. Peak current control eliminates 

stability issues associated with runaway 

currents for all reactive sputtering states i.e., 

from metallic to compound mode. 

Results revealed a significantly lower 

dynamic deposition rate (DDR) of the 

Bipulse HIPIMS process compared to MF 

and Bipolar DC with an overall lower 

discharge voltage (300-400V), depending 

on the chosen pulse conditions. However, 

the ZrO2 films deposited with Bipulse 

HIPIMS show an overall higher hardness 

than reference films deposited by MF and 

Bipolar DC. Furthermore, the E-modulus 

increases for shorter HIPIMS pulses and is 

comparable to MF and Bipolar DC. Results 

demonstrate that HIPIMS is a viable 

alternative for transparent oxide coatings 

for PV applications. 

Keywords: HIPIMS, transparent oxides, 

bipolar, Bipulse HIPIMS, high current, process 

control, ZrOx 
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Abstract: 

ZnMgAl coatings bring extraordinary corrosion 

protection to steel sheets, which enable the 

material to be applied also in the automotive 

industry. Nevertheless, besides corrosion 

protection the coatings must fulfill additional 

demanding criteria including the ability for 

joining with a wide range of other materials 

(metals, plastics etc.). This triggers the research 

on engineering the surface wetting and adhesion 

characteristics of the coating system [1]. 

In the presented work, we studied the effect of 

hot active plasma (HAP) on the chemistry and 

structure of the surface and sub-surface layer of 

Zn1.5Mg2.5Al coatings. Due to the large 

complexity of the coating structure and 

composition, as depicted in Fig. 1, several 

different analytical techniques had to be used. 

Surface sensitive techniques as x-ray 

photoelectron (XPS) and Auger electron 

spectroscopy (AES) were utilized in a 

complimentary way to analyze the top-most 

layer of the coating. XPS brought insight into 

the evolution of the elemental and chemical 

composition, whereas AES showed changes in 

elemental and phase structure and distribution 

within the surface layer. The sub-surface and 

bulk regions of the material were probed by 

energy dispersive x-ray spectroscopy (EDX) 

combined with cross-sectional analysis. 

The obtained results showed that the effect of 

the HAP treatment is always a combination of 

two parallel acting components – heat and 

plasma. Both are capable of forming a new 

surface species, either by interaction with the 

generated plasma and/or by thermal 

decomposition. In addition, the delivered heat 

can fully alter the coating microstructure. 

Furthermore, as also demonstrated by the 

results, the final impact of the treatment can be 

elegantly tuned by operating the interaction time 

of HAP with the coating material.  

Keywords: ZnMgAl anticorrosion coatings, 

surface, XPS, AES, EDX, hot active plasma 

(HAP). 

 

Figure 1: AES elemental map of surface 

structure with skin passing imprints (a), back-

scattered electron image of bulk microstructure 

(b) of a ternary alloyed ZnMgAl coating on 

steel. 
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Plasma Etching of SiO2 Using Fluorinated Ethers with Low Global 

Warming Potential 
 

S. You, C. -K. Kim * 
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Abstract: 

As the feature size is decreasing as well as the 

degree of multilevel interconnection is 

increasing, the high-aspect-ratio SiO2 contact 

hole etching becomes a critical process in the 

fabrication of semiconductor devices. Plasma 

etching using perfluoro compounds (PFCs) such 

as CF4 and C4F8 have been primarily used to 

perform SiO2 etching in ultra-large-scale 

integrated devices. PFCs are known to be 
environmentally harmful because of their high 

global warming potential (GWP), long 

atmospheric lifetime, and strong infrared 

absorption. Because PFCs cause environmental 

problems, many efforts have been made to reduce 

PFC emissions usch as process optimization, 

abatement, recovery, and the use of alternative 

chemistries. Among them, replacing PFCs with 

low-GWP alternatives is an promising method. 

Several classes of environmentally benign 

chemistries have been examined as alternatives 

to PFCs. Among them, fluorinated ethers (either 

perfluorinated or partially fluorinated ethers) 

draw attractions because of their much lower 

GWPs compared to those of PFCs.  

In this talk, fluorinated ethers are evaluated for 

plasma etching of SiO2 and their etch 

characteristics are compared with those in PFC 

plasmas. 

Keywords: plasma etching, SiO2 etching, 

fluorinated ethers, PFC, global warming 

potential. 

 

Figure 1: Etch rates of SiO2 as a function of 

source power in various fluorinated ether 

plasmas. : Etch rates of SiO2 in C4F8 and CHF3 

plasmas were also shown for comparison. 
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Role of low pressure plasma composition in ZnxMnyOz stoichiometry and 

electrochemical performances as Zinc-Ion Batteries cathode  
 

L. Bekkar1, A. Lemarchand1, C. Bazin2, H. Perrot2, M. Nikravech1 
1 LSPM, CNRS, Université Sorbonne Paris Nord, 93430 Villetaneuse, France 

2 LISE, CNRS, Sorbonne Université, 75005, Paris, France 
 

Abstract: 

The need to develop high energy density, 

environmentally friendly and low cost batteries  has 

led to a growing interest in Aqueous Zinc-Ion 

Batteries (AZIBs) due to the abundance of zinc and 

its high theoretical capacity (818 mAh/g) [1, 2]. To 

consider industrial production of ZIBs, It will be 

necessary to find the adequate cathode material 

assuring the reversible Zn2+ storage over prolonged 

cycling. 

Among the most studied cathode materials in AZIBs, 

manganese-based oxides are promising materials due 

to their electrochemical performances [3]. However, 

it is necessary to implement structure modifications 

by defect engineering to enhance rate performance, 

reversible capacity and cyclic stability [4, 5]. It has 

been reported that the presence of oxygen vacancies 

enhances both the Zn2+ intercalation/desintercalation 

kinetics and storage capacity of a ZnMn2O4 cathode 

material [6]. 

Herein, we demonstrate that crystallized ZnxMnyOz 

thin films can be obtained without post annealing in 

one single step using a low-pressure plasma process. 

We show also the ability to control the oxygen 

stoichiometry in ZnxMnyOz thin films in order to 

introduce oxygen vacancies in the materials lattice in 

a single one step. Indeed, by varying the plasma gas 

composition, energetic electrons and reactive species 

like O, OH, CO… radicals enable the transformation 

of precursors into different stoichiometry 

nanostructured thin layers (Fig.1). In addition, the 

electrochemical performances of ZnxMnyOz and 

plasma composition are correlated. 
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Figure 1: RX diagram of low pressure Plasma 

ZnxMnyOz at different % O2 

 
Figure 2: GCD curves of low pressure Plasma 

ZnxMnyOz at different % O2 in 1M ZnSO4+ 0,05M 

MnSO4 
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Abstract: 

One of the urgent problems of today's mechanical 

engineering is to provide maximum wear resistance 

of machine parts and tools. Surface treatment of 

steel parts using heating with concentrated energy 

flows (electron beam, laser radiation, plasma arc) is 

a significant saving potential for material, labor and 

energy costs [1]. The most promising energy-saving 

method among them is the method of chemical-

thermal treatment in electrolytic plasma [2]. It has 

been established that the diffusion rate of elements 

in the surface layer during treatment in electrolyte 

plasma is much higher than in conventional 

processes [3]. In this study, we report on the effect 

of different parameters of electrolytic-plasma 

hardening (EPH) on the structure, hardness and 

wear resistance of steels. Also, we investigate and 

compare changes in microstructure, mechanical and 

tribological properties of medium carbon steel after 

bulk and surface hardening. It is determined on the 

basis of the results of SEM and X-ray structure 

analysis that small needle martensite with a small 

amount of cementite is formed after the EPH and 

large needle martensite is formed after bulk 

hardening in water and oil. After hardening changes 

in the structure of samples quenched with cooling 

in water are not observed. Microhardness of steel 

samples increases after bulk and surface heat 

treatment. After bulk hardening in water and oil the 

microhardness increased to 400-460 HV, and the 

subsequent annealing resulted in hardness decrease 

to 330-360 HV. At the same time after EPH the 

hardness of steel samples increased by 2 times and 

tribological properties increased. Primarily, this is 
due to the formation of a highly dispersed 

metastable structure with a higher density of 
dislocations in the surface layer. In EPH, only the 

1-2 mm thick surface layer is hardened, while the 

base remains ductile. In this case the hardened layer 

smoothly passes to the base of the material. Due to 

the formation of the transition zone - the zone of 

thermal effect, the formed internal stress on the 

modified layer does not lead to the destruction of 

the steel material and the appearance of cracks in it. 

The wear resistance of the samples is characterized 

by the friction coefficient and the wear volume of 

the samples after the ball-and-disk test. The samples 

subjected to EPH and volume hardening with 

cooling in oil have low friction coefficient in 

comparison with the samples subjected to 

hardening with cooling in water. The data on the 

wear volume of the samples correlate well with the 

data on the friction coefficient of the samples. 

Samples after EPH, bulk hardening in oil showed a 

low volume of wear compared to other samples. 

The remaining treated samples showed a high 

degree of wear compared to the original sample. 

Thus, tribological properties of parts made of 

medium-carbon steel can be improved by applying 

heat treatment, including 900 ºC hardening with 

cooling in oil, followed by annealing with cooling 

in oil. However, bulk hardening can be an 

ineffective hardening method for parts operating in 

highly stressed and cyclically loaded applications. 

At the same time, surface EPH can be used for these 

parts. In this hardening process, only the surface 

layer is treated, which creates internal stresses that 

prevent parts from breaking. Surface EPH is a more 

economical and productive process than the bulk 

heat treatment. 

Keywords: electrolytic-plasma hardening, 

medium-carbon steel, structure, wear resistance, 

microhardness. 
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The application of a new Raman-based optical profilometry for 

understanding the governing factors of the tribofilm growth on a a-

C:H coating 
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Abstract: 

The lubricant additive-derived tribofilms formed 

on coatings during a friction contact have the 

potential to determine the final wear and friction 

performance of the tribological system by 

changing the nature of the interface in contact. 

Hence, it is of paramount importance to 

understand the tribofilm formation processes so 

they can be optimised for different tribological 

systems. In-situ identification of tribochemical 

products can significantly contribute to revealing 

the governing factors of tribofilm growth on 

coating surfaces and the interaction mechanisms 

between the coating and lubricating additives. 

In this study, an in-situ Raman-based 

profilometry (Figure 1) based on surface distinct 

optical properties has been developed and used to 

identify the tribofilms formed on a-C:H coatings. 

A selective growth of additive-derived tribofilms 

on a-C:H surface was observed for different 

lubricating additives. The obtained results 

suggest that the top oxidation layer of the a-C:H 

coating, caused by the catalytic oxidation of 

MoDTC-derived products, plays a crucial role in 

the growth process of ZDDP tribofilm on this 

coating. The oxidation process transforms the a-

C:H surface from Lewis base to Lewis acid, 

providing active growth sites for ZDDP-derived 

products (phosphate-Lewis base) based on 

HSAB principle (Hard Soft Acids Bases). In 

view of the unobservable wear in the areas of 

tribofilm growth on a-C:H surfaces, it is 

suggested that the tribochemical reaction 

between ZDDP-derived products and a-C:H 

surfaces is driven by the interfacial Lewis acid-

base interaction rather than the stress-dependent 

mechanism, highlighting the critical role of 

surface chemical property in the initial nucleation 

stage of tribofilm growth. 

Keywords: Tribochemistry; tribofilm growth; 

additive; Raman, diamond-like carbon 

 

Figure 1: Schematic illustration of coating 

thickness quantification methods under dry 

friction [1] 
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Advancing solid interfaces and lubricants by first principles materials 

design 
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Abstract: 

I will present recent results on two reserch lines: 

i) We apply molecular dynamics, both ab initio 

and based on reactive force fiels (tested agains ab 
inito results), to unravel the lubrication 

mechanism of hypericin. Hypericin, commonly 

used as medical treatment, posses amazing 

tribological properties. A hypericin 

concentration as low as 0.3% in glycerol reduces 

the friction coefficient below 0.01 (the so-called 

superlubricity regime) under boundary 

lubrication. First-principles calculations 

elucidate the thermodynamic driving force for 

graphene formation from hypericin. The process, 

promoted by the tribological conditions, was 

monitored in real-time by ab initio and classical 

molecular dynamics simulations. Our work 

suggests an exciting and unconventional way to 

promote the formation of a graphene-like 

material through tribomechanical stresses and 

reveals the great potential of aromatic molecules 

derived from the pharmacopoeia, such as 

hypericin, as newly emerging environment-

friendly lubricant additives for industrial 

applications. [1] 

 

Figure 1: Schema of the superlubricity 

mechanism of the hypericin-lubricated steel/SiC 

pair (left side). The graphene formation pathway 

is schematized on the right side. 
 

ii) We developed a workflow, TribChem,  a 

modular scientific workflow connected to 

publicly available databases, and performed the 

high-throughput ab initio screening  of the 

adhesion energy of around a hundred metallic 

heterostructures, ranging from transition to noble 

metals [2]. The dataset allowed us to identify 

general trends confirming a correlation of 

interfacial adhesion and electronic charge 

already observed for homogeneous interfaces 

[3,4]. Finally, by using a machine learning 

approach, we obtained a simple analytical 

expression for predicting the adhesion energy 

from the surface energy an other intrinsic 

properties of the two heterostructure constituents 

alone, which can prove useful for avoiding 

expensive supercell calculations.[5] 

Keywords: tribochemistry, in situ formation of 

tribofilms, adhesion, solid interfaces, high 

throughput 

 Figure 2: Nanoasperities, present in any 

mechanical contact, are studied atomistically 

considering two surface in contact. 
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Abstract: 

The presence of roughness such as texturing affects 

the pressure field and induces local film thickness 

distributions which can be used to improve the 

lubricant efficiency in the contact [1]. The aim of 

our work was to deepen the understanding of the 

role of cavity texturing on the friction force in 

hydrodynamic lubrication (HL) regime under low 

contact pressures and in elastohydrodynamic 

(EHL) and mixed regimes under high contact 

pressures, with low-viscosity fluids.  

Using the IMOTEP research platform that allows 

one to in-situ analyze the tribological mechanisms 

for conditions that cover 11 decades of sliding 

velocities and contact pressure, from 10-10 to 10 m/s 

and up to few GPa 2-5, by combining 

simultaneous measurements of contact forces with 

film thickness distribution, we investigated the 

influence of cavity network on lubrication and 

friction reduction mechanisms. 

In HL regime, for an instrumented bearing of mean 

gap clearance of 5 m, we showed that shallow-

cavity low-density network resulted in reducing 

both friction and the shear-induced increase in 

temperature without changing the extension of the 

cavitation zone while modifying the shaft mean 

eccentricity. This behaviour was observed 

regardless of the fluid formulation and was finally 

accounted for by local flow recirculation in the 

shallow cavities 6. 

In EHL regime, traction and Stribeck experiments 

were performed on a ball-on-disc MTM tribometer 

with simultaneous tangential and normal force 

measurements. The theoretical viscous friction 

under pressure was identified using several traction 

experiments. The textured surfaces presented a 

similar friction response as the smooth surface. 

However, a detailed analysis showed that in mixed 
regime, with a slightly higher roughness at the edge 

of the cavities, the number of asperity contacts 

increased leading to an increase in friction in this 

regime. In contrast, the EHL friction was lower in 

the case of the textured surfaces: the shallow 

cavities induced a local increase in the film 

thickness [1], inducing a decrease in viscous 

friction. This was also validated by traction results. 

In addition, the shift in the transitions to lower η0 

Ue also confirmed this interpretation. 

Keywords: friction reduction, surface, texturing, 

elastohydrodynamic lubrication, hydrodynamic 

lubrication. 

 
Figure 1: Friction reduction (a) associated to an 

increase of eccentricity (b) for the shallow-cavity 

low-density textured surface compared to the 

smooth one. 
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Abstract: 

Titanium alloys, despite their high production 

costs, are gaining in interest because of their use 

in technologically advanced products, like in the 

combustion or jet engine. Unfortunately, such 

components requiring sliding or rolling contact 
with other parts, are subjected to fast wear which 

results in significantly reduced life-times [1,2]. 

A solution was supposed to be a gas nitriding, 

which indeed lowered the surface wear. 

However, during this treatment the roughness 

increases and the strength of the core material is 

strongly compromised, i.e. the most important 

property of this alloy is degraded due to necessity 

for its long-term exposure to temperatures only 

slightly below the α→β transformation point. 

Therefore, the influence of plastic deformation of 

near surface areas (induced by the slide  

burnishing) in enhancing the nitriding process of 

titanium alloys and allowing to perform it at 

temperatures lower than usual for that type of 

treatments was investigated [3,4]. 

Samples of Ti-6Al-4V ELI alloy were subjected 

to heat treatment, obtaining a hardness of ∼380 

HV0.03. After that, the following surface 

treatments were performed: turning (T), turning 

+ burnishing (T+B), turning + burnishing + gas 

nitriding (T+B+GN). The slide burnishing using 

130 N force, and thermochemical treatment at 

540 °C for 8, 16 and 24 h were carried out. 

Details of the surface layer modification 

processes were decribed in previous works [3,4]. 

SEM/TEM observations, X-ray diffraction 
analysis, and finally ball-on-disc tribological 

tests against Al2O3 balls as counterparts provided 

information about wear resistance and friction 

values. 

The lowest average values of the friction 

coefficient and wear rate were determined for 

samples subjected to sequential surface treatment 

of  T+B+GN(16 h). In addition, it was found that 

the amorphous tribo-material on the Ti-6Al-4V 

ELI alloy constitutes a diffusion barrier for 
nitrogen. Only the transformation with the 

dominant participation of TiO2 crystallites, opens 

the way to the substrate nitriding process and 

enables nucleation of TiN in the substrate. 

Keywords: titanium alloy, surface layer, wear 

resistance, coefficient of friction, slide 

burnishing, gas nitriding 
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Abstract:  

This paper proposes for the first time of a hybrid 

coating structure on Ti6Al4V substrates with 

tetrahedral amorphous carbon (ta-C) film followed 

by a dense TiO2 top layer aiming to seal the porous 

defects of ta-C surface. The ta-C coating was 

deposited from an arc ion plating (AIP) system 

whilst the TiO2 layer was deposited by atomic 
layer deposition (ALD). Results show the potential 

use in biological area of such approach by that 

wear and corrosion resistance in phosphate buffer 

solution (PBS) were improved simultaneously 

compared with Ti6Al4V substrate or ta-C coated 

Ti6Al4V. The reduction of the surface porosity and 

the barrier properties of the coating with the 

improved properties were discussed. 
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Development of Corrosion and UV Resistant Fusion Bonded Epoxy 

Coatings on Steel components for offshore applications  
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Abstract: 

Due to its widespread practice, steel consumption 

in the worldwide has been raised annually by 

about 40% between 2012 to 2015, through the 

structures of steel rod, bar, wire and reinforcing 

bar in great demand. The corrosion protection of 

steel structures has always been of chief concern 

for current research and development in the 

structural engineering as it faces severe corrosion 
issues due to its huge economical and industrial 

development in the coastal zones. Fusion bonded 

epoxy (FBE) coatings have been utilized as 

protective coatings for steel structures exposed in 

atmospheric, marine and industrial sectors for the 

last 5 decades [1]. It can be utilized as a single 

primer layer and as a base coat in multi coat 

systems. Though FBE coatings have been 

subjected to vast improvement for the past few 

decades, still there are some shortcomings that 

are not completed solved such as the less UV 

resistance, inadequate abrasion resistance and 

insufficient multi-functional characteristics 

including super hydrophobicity, antifouling, self-

healing etc [2]. These issues can be the 

productive approach in concentrating the 

development on FBE coatings to get the desired 

features. 

This current investigation demonstrates the 

feasibility of multifunctional FBE coatings with 

desired features (UV and Corrosion resistant) on 

steel structures including transmission pipelines, 

tanks and rebar in concretes through systematic 

approach. The complete cycle of fabrication from 

raw materials will be developed and full 

characterization in terms of hydrophobicity, 

mechanical, corrosion, fouling and UV resistance 

performance will be performed to evaluate the 

developed FBE coatings in stage by stage. All 

industrial sectors that are involved in 

manufacturing and utilizing steel structures will 

be benefit from the proposed FBE coatings. In 

particularly, the steel structures exposed in 

atmospheric conditions have been availed this 

proposed multifunctional FBE coatings as the 

operating conditions of these components are 

highly aggressive with UV exposure. The 

successful execution of this possible plan will 

enable us to develop these materials locally as the 

only step left would be to apply them for the 

protection of steel structures in real exposure 

condition (of course, after passing all required 

testing to be used in real exposures to the marine 

environment). 

Keywords: Fusion bonded epoxy coatings; 

corrosion mitigation; UV resistant; steel. 

 

Figure 1: Figure illustrating the schematic 

representation of the current research work 
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Abstract: 

The scanning vibrating electrode technique 

(SVET) has become common for locally 

revealing anodic and cathodic activity at 

corroding surfaces, including coated metals, 

defects at protective coatings and cut edges.1 The 

technique takes advantage of the enhanced 

sensitivity provided by the piezoelectric-driven 

vibration of a microreference electrode while 

sensing electrical voltage distributions, next 
translated into associated ionic current densities 

arising from the reactive material. Vibration in 

two axes, namely perpendicular and one parallel 

direction with respect to the surface under study, 

are commonly used for the determination of the 

vectorial current density distribution, although 

typically only the perpendicular component is 

analized to localize anodes and cathodes 

evolving in the sample below. Flat surfaces 

imbedded in insulating material are preferred so 

that such perpendicular contribution may reflect 

the main current flow arising from the active 

spots. This has enabled the characterization of the 

activation/passivation events at cut edges,  where 

one or two micrometric-width Zn-based 

galvanized areas are coupled with the core steel 

surface.2 However, actual corrosion problems 

convey coupling and interaction of sites placed at 

differently oriented facets of the same material 

simultaneously exposed, as occurs in actual cut 

edges of machined galvanized steels in the 

building and automotive industries. Even the 

presence of assymmetries between the two 

exposed sides, either just galvanized or 

additionally coated with polymers, has been 

reported to play a role in the resulting events 

occurring on the cut edge.3 However, no attempts 

have been made to characterize the local 

electrochemical activity simultaneously arising 

from the galvanized side (Figure 1), that is also 

exposed to the environment and reacts under real 

operation conditions.  

In this contribution, the SVET technique has 

been exploited to extend the conventional data 

analysis of vertical ionic current densities, so that 

the current flow in the parallel direction becomes 

also accessible. A model sample consisting of a 

current point source was used to illustrate the 

SVET ability to discern anodic and cathodic 

activity in different orientations. Next, cut edge 

systems were investigated while sequentially 

analizing and correlating the cathodic current 

distribution at the steel-base cut edge, and the 

anodic activity of the galvanized layer revealing 

localized anodic activation.  

 

Figure 1: Cell assembly used for the 

characterization of the top (cut edge) and side 

(galvanized) surfaces exposed to the aggressive 

envornment. Yellow-red color palette reflects 

local anodic activity, found over the galvanized 

layer. Blue color palette reflects cathodic 

activity, sensed over the steel-matrix at the cut 

edge. 

Keywords: SVET, galvanized steel, corrosion, 
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Graphene derivatives as solid lubricant in polymer-tribology, 
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Abstract: 

Graphene as 2D material is considered an 

promising solid lubricant for polymer composites 

while simulatniously enhancing mechanical 

thermal and electrical properties. By the 

introduction of graphene to low friction polymer, 

wear is often reduced significantly although the 

friction, which highlights the lubricity is often 

unaffected [1]. Furthermore, graphite being 

ascribed to its multilayer morphology, has been 

used traditionaly  as solid lubrixant in order to 
reduce coeficent of friction [2], though, graphene 

is not an obvious choice as solid lubricant. It is 

therefore important to understand the effect of 

the degree of exfoliation as well as oxidation of 

graphite/graphene on its properties as soluid 

lubricant. In our study, graphene oxide (GO), 

reduced graphene oxide (rGO), chemically 

expanded graphite (CEG) and graphite were 

tested in ultrahigh molecular weight 

polyethylene (UHMWPE) composites at 1 and 5 

wt%. Friction and wear were measured using a 

reciprocating pin-on-plate tribometer while 

sliding against a stainless steel counter surface 

with a contact pressure of 10 MPa and a sliding 

velocity of 0.02m/s. 

Under dry sliding conditions, the friction 

increased for all composites with respect to the 

pure polymer. No clear transfer film was 

observed on counter surface. The composite pin 

surfaces did however show a rippled pattern (see 

figure 1), indicating stick-slip sliding, resulting in 

the higher friction. This was in contrast to the 

pure polymer which only showed abrasive wear 

grooves. Graphite provided the highest increase 

in friction which corresponds with a more 

pronounced ripple pattern. By comparing the GO 

with rGO, no clear differences in friction 

performance were observed indicating that a 

lower oxygen content did not have any 

significant impact towards macro-scale lubricity 

in UHMWPE. By differential scanning 

calorimetry, a clear dependence of the polymer 

degree of crystallinity was found with respect to 

the appearance of stick-slip sliding and 

corresponding increase in friction for the 

composite materials. 

The specific wear rates were significantly lower 

than the pure polymer for the CEG and graphite 

composites. Similar to the friction, no clear 

difference was found between GO and rGO with 

both enabling an increase in wear. 1wt% CEG 

reduced the wear rate by over 75%. 

The results indicated that obtaining a significant 

friction reduction using both graphene 

derivatives and graphite is challenging in low 

friction polymer such as UHMWPE. The 

presence of graphene can obstruct the 

crystallisation of the polymer and also its low 

friction mechanisms. Due to the their exfoliation, 
this effect was limited for GO and rGO enabling 

a lower increase in friction coefficient than the 

multilayer CEG and graphite. However, only 

CEG and graphite reduced the wear of the 

polymer which can be ascribed to the better 

lubricity of multilayer graphite as well as the 

strain hardening of the sliding surface.  

 

Figure 1: Friction coefficients from dry sliding 

experiments and surface morphology of the 

UHMWPE and 5wt% graphite sample pins 

Keywords: Graphene, expanded graphite, solid 

lubricant, polymer composites  
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Abstract: 

Polyurethane adhesives (PUA) are preferred for 

their many advantageous features, including, 

high mechanical properties, low temperature 

performance, and adjustable cure times. The 

most of adhesives are made from petroleum-

based raw materials, a well-established technique 

that raises environmental issues during both 

manufacture and use. In that regard, it is 

necessary to use renewable resources to make 

adhesives. Castor oil has a wide range of 

industrial uses, which has resulted in steadily 

rising demand for it on the global market. 

Although they have good mechanical properties 

and are more environmentally friendly with the 

use of castor oil, polyurethanes have a very low 

heat resistance. It can maintain the appropriate 

mechanical properties up to 80-90°C and above 

250°C, thermal breakdown begins. The 

polyurethane material becomes more 

temperature resistant as the quantity of 

crosslinking in its structure increases. To achieve 

maximum strength and thermal stability, PUAs 

must have precise adhesion control with the 

matrix. To a large extent, the thermal stability of 

polyurethanes is proportional to the degree of 

chain mobility present in the material.  

This study focuses on the preparation of PUAs 

with higher thermal resistance using polyols 

derived from castor oil modified using 3-

Glycidyloxypropyltrimethoxysilane (GLYMO) 

and carbodiimide as an adhesion promoter. 

Various NCO/OH ratios  have been employed to 

evaluate its impact on the characteristics of the 

adhesives. The effect of different GLYMO  and 

carbodiimide  ratios on the performance of the 

adhesive was also investigated. The 

characterization of the raw materials was 

performed by using FTIR and STA 

instruments.  In order to determine the 

performance of the samples shear adhesion 

strength test were carried out according to EN 

12004 standard of Adhesives for ceramic tiles. 

The shear adhesion strength after thermal shock 

value, which increased with the addition of 

GLYMO, reached its maximum value with the 

use of carbodiimide. 

Keywords: Castor oil, Polyurethane adhesive, 

Thermomechanical properties, Carbodiimide 
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Abstract: 

PTFE (polytetrafluoroethylene, better known as 

Teflon) is known for its low friction, with a 

friction coefficient similar to that of a skate on 

ice, and much lower than other polymers.  

A key difference with other polymers is that 

PTFE is non-sticky: its surface energy is the 

lowest of commonly used engineering materials. 

It is tempting to explain its slipperiness from the 

lack of adhesion – friction in polymers is often 

governed by adhesion, and might thus vanish for 

a non-sticky polymer. Although this sounds 

reasonable, research has shown that in fact, PTFE 

friction is accompanied by transfer of a PTFE 

film adhering to the substrate [1-2]. The fact that 

PTFE transfers does not, however, offer a direct 

explanation of its slipperiness: numerous other 

polymers transfer, yet their friction is much 

higher than that of PTFE. 

So why is PTFE so exceptionally slippery 

compared to other polymers? We use state-of-

the-art contact visualisation experiments to look 

inside the PTFE-substrtate contact, and we 

resolve the formation of transfer film in situ. We 

show quantitatively that an unusually low PTFE-

PTFE shear strength in the sliding contact is the 

key factor for low friction and transfer. This very 

weak shear cohesion allows for low friction 

despite large contact area and robust transfer 

despite modest adhesion. These results provide 

the first quantitative understanding of low 

friction transfer film formation, which may lead 

to transformative applications in tribology such 

as rational design of low friction materials. 

Keywords: Teflon, PTFE, transfer film, 

polymers, friction, adhesion, fluorescence 

microscopy 

 
 

 

 

 
Figure 1: Fluorescent contact probes emit 

strongly when confined, which reveals the area 

of contact between a PTFE sphere and a 

DCDHF-coated glass coverslip. After the 

contact is broken, fluorescence emission 

uncovers the presence of a residual transfer film 

, which only forms in a sliding PTFE contact, not 

when PMMA is the contacting polymer. Scale 

bar indicates 10 µm.  
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friction and tool life for load collectives in sheet metal forming 
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Abstract: 

Sheet metal processes such as blanking or deep 

drawing are usually characterized by high 

production volumes and dynamically stressed 

tools. These complex, time-variant tribological 

challenges can be partially mastered by tailored 

tool surfaces in the submillimeter range. A 

reduction regarding lubricant demand, 

coefficient of friction, and an increase in service 

life are possible results. However, the production 
of textured surfaces is very challenging. 

Production time, the definition of texture 

geometry, reproducibility, and tool life for 

texturing processes are inhibiting factors for the 

introduction into industrial applications. 

Therefore, this study investigates the benefits of 

deterministic surface texturing of a typical cold-

forging steel by two different texturing processes 

in comparison with the industrial standard of 

manual polishing. The resulting deterministic 

topography of a laser textured surface is 

compared with a machine hammer peened 

surface structure while using a tool with a micro 

tip. Differences in the production time as well as 

the resulting surface quality are investigated. 

Using a continuous strip drawing test the 

microtextured tool surfaces under varying levels 

of surface coverage are investigated. The 

resulting coefficient of friction and tool lifetime 

for changing contact normal stresses reaching 

from 5 to 25 MP are compared with an industrial 

polished surface. Eventually, the influence of 

tribological performance is evaluated. A 

reduction of the friction coefficient, as well as an 

improvement in surface hardness due to the 

investigated processes, are shown.  

Keywords: sheet metal forming, surface 

modification, friction, tool life, strip drawing, 

machine hammer peening 

 

Figure 1: Surface topographies for different 

texturing processes: (a) laser texturing and (b) 

machine hammer peening 
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Abstract: 

The Dedicated Hybrid Engine (DHE) 

development attracted increased attentions from 

OEMs. With the reduced engine power demand 

and narrowed engine operating speed range, it 

created a friendly environment for the low 

friction technologies to be implemented without 

further cost implication. This paper presented the 

friction road map from the current production 

engine to the new dedicated hybrid engine. At 

2000 rpm, 2 bar BMEP condition, the new DHE 

will have the FMEP <0.29 bar according to the 

well correlated prediction. 

The conventional gasoline engines’ typical 

operation range covers from idle (~600 to 750 

rpm) to max speed of 6300 to 7000 rpm. Usually, 

the moving parts, such as the piston, conrod, 

bearing, spring, valve, cam, tappet or follower 

etc., are designed to survive the max speed and 

max power condition. In other words, these 

components are likely over-engineered when 

operating away from these design limits. 

For the DHE, especially for P13 platform with 

dual powerful e-Motors on board, the engine’s 

operating range can be reduced significantly. For 

example, the operating speed of the new DHE 

presented in this paper is from 1200 to 4800 rpm, 

much narrower than that of the conventional 

engine. To utilize this new operating boundary, 

all the moving parts are re-designed with reduced 

bearing size and much reduced valve spring load. 

Helped with the newly optimized valvetrain 

layout, the new DHE’s valve spring preload can 

be reduced from production engine’s 190 N to 

107 N, a reduction of 44%. Furthermore, the 

valve spring’s stiffness is reduced from 25 to 9.8 

N/mm. For the maximum valve lift of 10 mm, the 
peak spring load of the DHE is 205 N only, a 55% 

reduction from the production engine’s 460 N 

peak valve spring load. This converted to a 28% 

friction reduction for the valvetrain alone at 2000 

rpm engine speed. 

Figure 1 shows the predicted friction from piston 

+ conrod, crankshaft and valvetrain of the 

production NE engine and new DHE. The NE 

engine is a conventional 4-cylinder 1.4L 

turbocharged GDI engine with 73.5 mm bore 

diameter and 82 mm stroke. The new DHE is 

also a 4-cylinder turbocharged GDI engine but 

with smaller bore (69 mm diameter) and much 

longer stroke of 100 mm , making the stroke to 

bore ratio to be 1.45. On the crankshaft, the main 

and big bearings are sized with negative overlap. 

The small end used DLC coated pin without 

brass bush. The three piston rings total tangential 

load is 22% less than that of production NE 

engine. 

Furthermore, the DHE used fully synthetic 

0W12 oil, compared with NE’s 0W20 oil. This 

0W12 oil was carefully selected by considering 

the engine operating condition change and 

subsequent moving part design changes. It also 

has the unique additive packages to balance the 

low friction, durability and knock suppression 

requirement. Adding these changes, plus the use 

electric oil pump, the estimated total engine 

FMEP for DHE is less that 0.29 bar, making it 

the lowest friction engine in company’s engine 

portfolio 

 

Figure 1: Major friction reduction from moving 

parts, 2000 rpm, 2 bar BMEP 

Keywords: Low friction valvetrain & cranktrain, 

thin oil. 
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Abstract: 

Atomic force microscopy (AFM) is widely used 

to investigate friction mechanisms at the 

nanoscale due to making it possible to directly 

measure friction force from AFM tip twist. 

Recently, Gosvami et al. have used AFM for in-

situ observation of the growth process of tribo-

chemical reaction films in lubricant 1). Gosvami 

et al. also reported that the growth of tribofilm 
increases exponentially with increasing 

temperature and compression stress using the in-

situ AFM method 1). However, Gosvami et al. 

evaluated the growth of tribofilm as an average 

value on a microscale friction surface and did not 

investigate the effects of compression/shear 

stresses on the growth process of reaction film on 

a single asperity. The purpose of this study is to 

investigate the effect of compression/shear 

stresses on the formation process of reaction 

films by observing the formation process of 

reaction films on a single asperity. In this paper, 

we investigate the growth process of the tribofilm 

on a single asperity by correcting small 

misalignment using image analysis on the results 

of in-situ AFM methods. We also investigated 

the effect of compression/shear stresses on the 

growth process of tribofilm on a single asperity 

by measuring the friction coefficient and the 

compression stress distribution on the single 

asperity using the finite element method. Figure 

1 shows (a) AFM images, (b) growth of tribofilm, 

(c) compression stress distribution, (d) shear 

stress distribution (e, f) correlation between 

compression/shear stresses and tribofilm 

thickness. These results show that the growth 

points of tribofilm were consistent with 

compression stress. In addition, from correlation 

between compression/shear stresses and 

tribofilm thickness, only compression stress 

correlated with tribofilm thickness. Therefore, 

we consider that compression dominates the 

growth of tribofilm at initial  tribofilm formation 

process. 

Keywords: Tribo-chemical reaction; Atomic 

Force Microscopy; In-situ Observation; 

Tribofilm 

 

Figure 1: Results of in-situ AFM ((a) AFM 

images, (b) growth of tribofilm, (c) compression 

stress distribu-tion, (d) shear stress distribution 

 

Figure 2: and (e, f) correlation between 
compression/shear stresses and tribofilm 

thickness  
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Research on Pitting Fatigue Properties of Diamond-like Carbon Films 

under Pure Rolling Contacts 
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Abstract: 

Electric vehicles (EVs) are being attracted due to 

growing interest in environmental issues. In EVs, 

higher speed motor rotation is required to obtain 

the equivalent output as conventional engine; 

therefore, it is required that motor of EVs become 

smaller and lighter. In addition, high rotational 

speed reduces the fatigue life until pitting occurs 

because the number of contacts increases 
compared with the case at low rotational speed. 

Diamond-like carbon (DLC) film is a type of 

amorphous hard thin film consisting of sp2 and 

sp3. DLC has various excellent tribological 

properties such as low friction and high hardness. 

High hardness is known to reduce the occurrence 

of cracks that cause pitting; therefore the 

application of DLC is expected to improve 

pitting resistance of bearings and gears. 

Furthermore, sliding and rolling contact occur 

simultaneously on the contact surface of gears 

and bearings. Therefore, it is important to 

identify the effects of sliding and rolling contact 

on fatigure occurance. However, it has been 

reported that the rolling fatigue surface can be 

eliminated by sliding wear [1]. Therefore, pure 

rolling test is important to clarify the effect of 

rolling contact on pitting because it is less 

affected by sliding. In this study, two types of 

DLC films (ta-C and a-C:H) were applied to the 

ball surface, and three types of balls were used: 

uncoated, a-C:H coated, and ta-C coated. To 

investigate the influence of these DLC films on 

pitting resistance, we conducted ball-on-disc 

tests for 40 h and 96 h under base oil lubrication 

under pure rolling contacts and performed nano-

indentation and Raman spectroscopy. As results, 

pitting occurred on uncoated balls (Figure 1), 

which indicated that pitting can be evaluated 

under pure rolling contacts. The a-C:H type DLC 

film was peeled off immediately after the test 

began. In addition, no pitting occurred on the ta-

C type DLC film (Figure 2). Thereby, we found 

the ta-C film has an excellent property of pitting 

resistance due to high hardness. However, to 

extend the sliding test duration from 40 h to 96 h, 

pitting occured on the ta-C film. Then, the 

hardness of ta-C film changed to 68 GPa before 

sliding test, 42 GPa at 40 h, and 51 GPa at 96 h, 

and the ID/IG ratio changed 0.14 before sliding 

test, 0.19 at 40 h, and 0.14 at 96 h, respectively. 

This tendency showed that the structural change 

of ta-C is related to hardness. Therefore, the 

decrease in hardness due to the graphitization in 

ta-C may have increased the cracks which cause 

pitting. 

Keywords: Tribology, EV, gear, bearing, DLC, 

pitting, pure rolling, MTM. 

 

Figure 1: Figure shows the laser microscope 

image of the SUJ2 disc surface after 40 h testing 

under pure rolling contacts in PAO4. This shows 

that pitting occurred on uncoated ball. 

 

Figure 2: Figure shows the laser microscope 

image of the ta-C disc surface after 40 h testing 
under pure rolling contacts in PAO4. This shows 

that no pitting occuerd on the ta-C coated ball. 
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LUBGEAR – Increased Lifetime of Gears under Loss of Lubrication 
 

L. Braumann 1,* 

1 Research, Advanced Drivetrain Technologies, Vienna, Austria 
 

Abstract: 

Aerospace gearboxes, as used in the geared 

turbofan propulsion system, are required to work 

even in the most unfavourable conditions such as 

temporary loss of primary lubrication. Such 

conditions can arise during certain flight 

manoeuvres or during windmilling when the 

aircraft is on ground. To avert the catastrophic 

damage associated with loss-of-lubrication, a 

secondary lubrication system is currently in 

service. The utilization of such a secondary 

lubrication system leads to higher mass and 

complexity of the drivetrain and stands in 

contrast to the demand for highest power density 

and efficiency. In the European research project 

LUBGEAR, different materials and surface 

finishes for gears which have high potential to 

increase the service life under loss-of-lubrication 

are investigated as an alternative to the secondary 

lubrication system used for aerospace gearboxes. 

LUBGEAR is a European research project which 

is funded by the Clean Sky 2 Joint Undertaking 

with support from the European Union’s Horizon 

2020 research programme. The project is led by 

the Spanish surface technology experts 

CIDETEC and consists of the gear research 

centre FZG of the Technical University Munich 

as well as the tribology excellence centre AC²T 

and the precision drivetrain manufacturer 

ZOERKLER Gears & drivetrain expert ADT 

near Vienna. The research topic is managed by 

Avio Aero, a GE aviation business in Rivalta di 

Torino.  

To find the most promising combination of 

material and surface treatment for aerospace gear 

applications under loss-of-lubrication, a pre-

selection of combinations will be performed on a 
twin-disc tribometer. The test articles of the twin-

disc tribometer are designed to closely mimic the 

tribology of contact between two gear flanks to 

allow for good transferability of the test results. 

Based on these results, tests on gears will be 

performed at the FZG facility on a gear test rig 

for high-speed (up to 80m/s pitch circle velocity) 

and high load (up to 2GPa) in lubricated 

conditions and under loss-of-lubrication. The 

results of the twin-disk and the gear testing 

campaign will be utilized to adapt a predictive 

numerical contact model for loss-of-lubrication 

conditions.  

At the current state possible solutions for surface 

treatments as well as materials have been 

identified: These include superfinishing, coating 

by novel ceramic-class coatings and nitriding 

steels which maintain their surface hardness at 

much higher temperatures than regular 

carburizing steels. The most promising of those 

solutions are currently being applied on gears and 

tested at pitch line velocities of up to 20m/s while 

the best performers are being investigated on the 

high-speed 80m/s test rig.  

Keywords: geared turbofan, LOL, loss of 
lubrication, scuffing, coating, nitriding, DLC, 

aviation  

 

Figure 1: The LUBGEAR adapted FZG-C 

pinion before and after loss of lubrication. 

Scuffing marks and overheating are clearly 

visible on the tooth surface (right).  
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Abstract: 

Diamond-like carbon (DLC) coatings protect 

engine parts from wear and provide low-

friction [1]. Nevertheless, DLC coating systems 

are not invulnerable and can therefore wear 

prematurely, even though all conditions for a 

long service life (for example permanent 

lubrication) have been met. Especially in the 
automotive industry, failure due to delamination 

is an undesirable phenomenon [2]. There is a lack 

of knowledge about which wear progress occurs 

before DLC coating system fails and how to 

determine the point, at which the coating fails. 

 

A continuous wear measurement method based 

on radioactive isotopes (RIC method) developed 

in previous studies was used to clarify these 

issues [3]. An experimental approach was 

applied using the RIC in combination with an 

oscillating contact tribometer to distinguish 

conditions using an adapted “Wöhler” diagram. 

 

In this study, a correlation was found between the 

wear and coefficient of friction (COF) progress 

of DLC-coated steel substrate against a steel 
counter body in lubricated condition, see Figure 

1. Finally, a methodology was established to 

discriminate mild and severe wear conditions and 

subsequently identify the point, at which DLC 

deteriorates. As a further investigation in relation 

to automotive applications, different lubricants 

were distinguished in such an adapted “Wöhler” 

diagram in order to evaluate the sensitivity of this 

methodology. 

 

 

Figure 1: Example of the progress of COF (green), DLC- (blue), and steel substrate-wear (red) during 

the experiment. 

 

Keywords: diamond-like carbon (DLC), radio-

isotope concentration (RIC) method, friction 

progress, wear progress, coating failure, critical 

loading condition, life-time assessment. 
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Measuring Rolling Friction of Microparticles using Lateral Force 

Microscopy 
 

S. Scherrer 1,*, S. N. Ramakrishna 1, L. Isa 1 
1 Laboratory for Soft Materials and Interfaces, D-MATL, ETH Zürich, Switzerland 

 

Abstract: 

The introduction of colloidal probes has 

expanded the capabilities of atomic force 

microscopes (AFMs) to allow measuring 

interactions between particles and surfaces 

directly. In particular, lateral force microscopy 

(LFM) provides access to friction coefficient 

measurements at the nanoscale by determining 

lateral forces between surfaces as a function of 

applied load. Typically, experiments are limited 

to AFM cantilevers with fixed colloids, and thus 
only enable measuring sliding friction. However, 

for unconstrained colloidal particles in a fluid, 

sliding as well as rolling motion is present, but 

the frictional characterization of the latter 

remains elusive.  

Using two-photon nanolithography, we have 

developed a colloidal probe that allows free 

rotation of an encapsulated particle and 

simultaneous imaging of the contact via 

fluorescence microscopy. The colloid releases 

from the cavity when the probe is not in contact 

with the substrate, making it reusable. Upon 

lateral calibration of the cantilever [1], a friction 

coefficient of the investigated colloid-substrate 

system can be determined. The three-

dimensional rotation of the particle within the 

cantilever is analysed by tracking fluorescent 

markers on the colloid, while simultaneously 

obtaining the lateral forces acting on it. Direct 

comparison to a fixed colloidal probe is possible 

by gluing the particle inside the cavity, therefore 

restricting any rotational movement and enabling 

the observation of sliding and rolling friction.  

The method is applied to a model system of non-

adhesive, rough, 12 μm silica particles and 
surfaces with matching asperities [2], measuring 

friction coefficients of rotating and fixed colloids 

in aqueous buffer, where the latter is significantly 

higher. Rolling friction experiments performed 

on microparticles functionalized with a 

thermoresponsive polymer [3] shed light on the 

role of adhesion on the motion of free particles. 

The surface interactions are controlled via a 

thermal trigger, causing the particles to transition 

between rolling and sliding motion. Analysis of 
the rotational motion correlated with specific 

features in the friction force signals gives new 

insights into the behavior of contacting colloids 

that can be extended to a broad class of systems 

of direct interest for the study of the rheology of 

dense suspensions.  

Keywords: rolling friction, lateral force 

microscopy, nanotribology, rough particle, 

adhesive particle 

  

Figure 1: False colored SEM images of the 

experimental setup of the colloidal probe (blue) 

with rough silica particle (red) in contact with a 

rough substrate. 
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Abstract: 

Majority of modern mechatronic systems feature 

a number of rolling bearings as a cost effective 

and performant solution to support and guide 

rotating shafts, and transfer the mechanical load 

between static and rotating machine components. 

Typically the bearing system is lubricated and 

cooled with a passive oil system, where the 

distribution in between different bearings is 

predetermined by the application’s design (e.g. 
splash lubrication, oil recirculation, etc.), and the 

cooling and lubricating action of the oil is 

determined by a great number of operational 

conditions (e.g. operating speed of the machine) 

and design constraints (e.g. bearing type and 

geometry). Unfortunately, the cooling and 

lubrication conditions in the rolling bearings of 

such systems are suboptimal due to excessive oil 

flow rate and lowered temperatures to guarantee 

the desired life time of all bearings [1]. 

Therefore,  in this work, we apply a state-

estimation-based predictive control strategy on 

the lubrication and cooling of a bearing system 

such that the lubrication behavior actively adapts 

to the load conditions, which as a result increases 

the global operational efficiency of the bearing 

system. Preliminary simulation results 

demonstrate a reduction in bearing losses of 4% 

for a single bearing case and 8% for a multi-

bearing case subject to a time-dependent speed 

and load profile. 

Keywords: rolling bearings, active cooling and 

lubrication, control strategy, bearing frictional 

loss reduction 

 

Figure 1: Simplified overview of active cooling 

and lubrication concepts resulting from splitting 

up the cooling and lubrication function 

(horizontal shift, [2]) and oil flow rate control 

and temperature conditioning (vertical shift, [1]).  
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A mapping approach for the influence of the operating conditions on 

wheel-rail damage  
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Abstract: 

Railroad engineering continues modernising its 

operations to increase efficiency and benefit the 

environment. In 2019, the European Union 

estimated that the total costs of air pollution, 

climate change and acoustic pollution due to 

railway transport was about 7.8 billion Euros. 

Trains impact soil and water pollution from the 

abrasion of brakes, wheel and rails, as well as fuel 

combustion and other sources. Suboptimal 
design of these components may cause increased 

costs, train delays, personal injuries, unplanned 

maintenance and reduced component life. 

Over the years, wheel-rail wear has been widely 

inspected. The main damage phenomena 

occurring at the wheel-rail interface are rolling 

contact fatigue (RCF) and wear. Although they 

are typically studied as independent phenomena, 

they are strictly interlinked. If wear is reduced, 

cracks can grow to the point of RCF failure; on 

the other hand, wear is more likely to dominate if 

RCF cracks are truncated. 

This work considers the results derived from bi-

disc tests carried out at the University of Brescia. 

First, the collected data are reported on the 

shakedown maps to assess the cyclic response 

and calculate the fatigue index parameter (FI) 

used to predict the surface-initiated fatigue 

damage (Figure 1). Second, the fatigue index and 

material cyclic yield strength are related to the 

experimental wear rate. The proposed maps show 

how the wear rate and cyclic response change by 

varying the contact conditions (dry and with 

water) and the slip ratio. The proposed approach 

also allows to understand how a railway wheel 

steel behaves as a function of the working 

conditions and whether some operating 

parameters can be changed without 

compromising the material performance. 

Keywords: shakedown maps, wear mapping, 

rolling contact, fatigue index, railway wheel 

materials, contact mechanics 

 

 

 

 

 

Figure 1: Figure illustrating the relationship 

between the wear rate and the rolling contact test 

parameter FI (shear strength, coefficient of 

friction and contact pressure) in dry tests and in 

the presence of water contaminant for different 

types of railway steels. The slip ratios are 

reported in the legend. 
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Capabilities of multiphysics simulations for thrust bearings 
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1 Hydro-Québec research Institute, Varennes, QC, Canada 
 

Abstract: 

Despite their old design, spring-supported trust 

bearings are still used in the hydropower industry 

to support the weight of rotating parts. These are 

complex components to predict as multiphysics 

comes into play in a multiscale environment. All 

the elements must be considered in order to make 

accurate predictions of the thrust bearing 

performances. Thus, a coupling of the different 

physics has been carried out and makes it 

possible to perform high-fidelity TEHD (thermo-

elasto-hydrodynamic) simulations of the thrust 

bearing under normal operating conditions [1] as 

well as during the start-up and shutdown phases. 

Once the high-fidelity model has been developed 

and validated, the opportunities are various. After 

describing the model, the paper gives an 

overview of its possible applications. First, based 

on the high-fidelity simulations, a reduced order 

model (ROM) was built (Figure 1). The ROM 

coupled to the continuous monitoring system of 

the hydropower unit is able to give live 

predictions of the thrust bearing performances. 

These predictions can help identify some 

abnormal behaviours and notify them to the 

operator. In addition, the TEHD model has been 

used to help in the search of root cause analysis 

of problematic cases. Finally, as an operator of 

hydraulic units who will be dealing with old 

designs of spring supported thrust bearing for 

years to come, a better understanding of them is 

needed to prevent failures from occurring. Since 

high-fidelity models allow predictions of these 

thrust bearings with much better accuracy than 

when they were designed, some proposals are 

emerging as to how to improve these conceptions 

with minor corrections. 

Keywords: thrust bearing, TEHD simulations, 

fluid-structure interaction, reduced order model, 
live prediction, design improvement. 

 

Figure 1: Reduced order model built from 

surface response. 
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Abstract: 

Advances in material science enhanced by strict 

environmental regulations and the industrial need 

for optimized and robust journal bearing 

operation have brought water lubricated bearings 

in the spotlight. In recent years, water lubricated 

bearings have achieved a great success in 

applications such as marine propeller shaft, main 

guide bearings of hydro turbines or water pumps 

thanks to its environmental friendliness [1]. Such 
journal bearings are typically made of polymers 

or other ‘soft’ materials in contrast to traditional 

bearings with bronze or Babbitt bushings.  

The large difference in the material stiffness of 

the shaft and the housing as well as the 

differences in fluid (water) viscosity, have made 

EHL study necessary [2]. Traditional EHL 

methodologies for the Reynold’s equation 

solution are usually limited by film thickness 

geometry calculation for eccentricity less than 1. 

This paper includes an important discussion of 

the assumptions and limitations of recently 

published works. An extension of the traditional 

film thickness geometry calculation equation, 

presented in [3], is introduced to provide a new 

way for calculating numerically the performance 

of journal bearings with significantly deformable 

surface. The mathematical approach is followed 

by a numerical investigation for a case of a water-

lubricated marine journal bearing. The film 

thickness geometry is calculated utilizing one 

generalized film thickness equation representing 

the rigid journal as an eccentric circle whereas 

the housing becomes an oval, comprising of four 

serially tangent arcs. This study is taking into 

consideration the bearing surface deformation, 

depending on assumption of geometric shape of 

fluid film and is extending the traditional film 

thickness geometry equation accordingly to 

enable study of regimes with eccentricity values 

larger than 1. To evaluate the bearing pressure 

distribution solving the Reynolds Eq., a 

fundamental driving factor is the shape of fluid 

film, namely, the mathematical expression of 

fluid film thickness “h(x,y)”. This work enables 

(a relatively fast) convergence of the Reynold’s 

equation solution even when it is coupled with 

FEM for the elastic deformation calculation. 

 

Figure 1: The extended film thickness geometry 

is illustrated, comprising of serially tangent arcs 

AB, BN, ND and is symmetric on the attitude 

angle. The center and radius of BN arc, angle θ, 

as well as the coordinates of B and N are 

analytically calculated. 

Keywords: journal bearings, water-lubrication, 

elasto-hydrodynamic lubrication (EHL), film 

thickness geometry equation, mathematical 

derivation, Reynolds equation, large eccentricity. 
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In Situ Formation of Lubricious Phases in HIPIMS Deposited Mo-W 

Doped Carbon Coatings in Boundary Lubrication Conditions  
 

P.Eh. Hovsepian1,*, A.P. Ehiasarian1 

1 National HIPIMS Technology Centre UK, Sheffield Hallam University, City Campus, Howard 

Street, Sheffield S1 1WB, United Kingdom  
 

Abstract: 

Nonreactive High Power Impulse Magnetron 

Sputtering (HIPIMS) was used to deposit 2 µm 

thick Mo-W doped Carbon coatings [1, 2]. Low 

angle XRD analyses revealed that the coatings 

exhibited nanolayer architecture whereas broad 

peaks in the GAXRD patterns indicated that the 

overall structure was nanocrystalline almost 

amorphous like. 

The Mo-W doped C coatings showed 
nanohardness of 16.5 GPa. In scratch adhesion 

tests critical load values exceeding 80 N were 

achieved due to the effective HIPIMS substrate 

pre-treatment. 

The coating friction coefficient was determined 

by pin-on-disc test under dry and boundary 

lubricating conditions using 100Cr6 counterpart. 

The measurements were carried out at both room 

and elevated temperature of 200 °C. Highly 

viscous non-formulated engine oil (Mobil1 10W-

60) was used as lubricant. 

In lubricated conditions the Mo-W doped C 

coatings showed friction coefficient of µ = 0.033, 

which was lower than that reported for a number 

of state-of-the art DLC coatings. 

Raman spectroscopy of the wear debris was 

employed to better understand coating wear 

mechanism in boundary lubrication conditions. 

The analyses revealed that in oil lubricating 

conditions the wear product was a mixture of 

MoS2 and WS2, with Mo and W being the Me-

dopants in the coating and sulphur being basic 

element in the oil formulation. Graphitic wear 

debris was also present.  Both MoS2 and WS2 

have a graphite-like layered crystallographic 

structure, which due to the low shear strength 

atomic planes act as solid lubricants. Therefore, 

it could be speculated that in boundary 

lubrication condition, the friction behaviour of 

the Mo-W doped C coatings is dominated by in 
situ formation of solid lubricants at the asperity 

contacts, which is typical for the tribochemical 

reaction wear mechanism. 

Keywords: High Power Impulse Magnetron 

Sputtering, Diamond-Like Coatings, Tribology, 

Boundary Lubrication, Solid Lubricants. 
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Abstract: 

The results of experimental studies of 

electrorheological (ER) and tribological properties 

of lubricating oils containing an admixture of an 

ionic liquid as an electrically active ingredient are 

presented. Basic research, which consisted in 

determining the rheological characteristics in the 

presence of an external direct electric field, was 

carried out on a specially designed and built stand, 

which used a modified Brook-field DV-III Ultra 
viscometer. The conducted research showed that 

the produced mixtures generated the ER effect in 

the presence of a direct electric field with the 

intensity up to 0.2 𝑘𝑉∙𝑚𝑚−1.  

 
Fig. 1. Characteristics  for mixtures GP1+ CJ001 

and PAO6+CJ008 

The tested mixtures showed different 

electrorheological characteristics (Fig. 1). A 

mixture composed of a silicon damping liquid GP1 

containing 2 % (v/v) of an ionic liquid 1-me-thyl-

3-octyloxymethylimidazole tetrafluorobo-rate – 

CJ001, in the absence of an electric field, behaved 

like a Bingham liquid, and in the presence of an 

electric field to the value of 𝐸=0.2 𝑘𝑉∙𝑚𝑚−1 the 
rheological characteristics of this liquid could be 

described by the Herschel-Bulkley equation. On 

the other hand the second mixture, composed of 

the base po-lyalphaolefin oil PAO6 and 2 % (v/v) 

of the ionic liquid trihexyltetradecylphosphonic 

bis (trifluoromethylsulfonylimide) – CJ008, in the 

absence of an electric field to the value of 

𝐸=0.2 𝑘𝑉∙𝑚𝑚−1 its rheological characteristics 

could be described by the Ostwald de Waele 

equation. The latter mixture showed many times 

better ER effect (Fig. 1). Research was also carried 
out in the so-called dielectric spe-ctroscopy using 

the Hewlett Packard HP4192 A impedance 

analyzer. The variability of the dielectric constans 

(𝜀) as well as resistance (𝑅) and conductivity (𝜅) 
as a function of the frequency (𝑓) of the direct 

electric field BIAS (DC) was assessed for different 

values of the applied voltage (𝑈). The basis for 

interference was obtained about variability of the 

internal structure of mixtures under the influence 

of the external electric field, which resulted in the 

disappearance of the ER effect. The mechanism of 
generating and decaying the ER effect was 

diagnosed by in situ micro-scopy using the Nikon 

Eclipse LV100D optical microscope. Changes in 

the structure of mixtures containing ionic liquids 

were confir-med, consisting in the formation of 

„fibrillary chains and/or streams” and their 

subsequent destruction and the accumulation of 

ionic li-quid particles at the electrodes. In 

tribological tests of these mixtures, it was found 
that the effect of ionic liquid accumulation at the 

electrodes (after the destruction of „fibril chains” 

under the influence of an external electric field) 

facilitates the formation of permanent boundary 

lubricating film, which results in the improvement 

of the lubricity properties of such mixtures, which 

was confirmed in tests on the four ball apparatus. 

Keywords: lubricating oils, ionic liquids as 

additives, electrorheological effect, lubricity. 
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Abstract: 

In recent years, electric vehicles (EVs) have 

become increasingly popular, and it is required to 

improve the pitting resistance in reducers. In EV, 

a motor is used as its prime mover, and its 

rotational speed is much higher than that of 

internal combustion engine (ICE). Accordingly, 

EV reducers, which transmit the torque of the 

prime mover, are also operated at a higher 
rotational speed compared with ICE reducers. 

Thereby, the number of contact times per unit time 

of the gears and the bearings of EV reducer 

increases, which accelerates the progression of 

fatigue. Many studies have shown that lubricant 

viscosity affects the occurrence rate of gear 

failures such as pitting [1-2]. In conventional 

research for pitting, experiments were conducted 

under conditions where sliding and rolling contact 

occurred simultaneously, and the occurrence of the 

pitting is not divided and discussed from the 

influence of sliding and rolling. In addition, it has 

been reported that the fatigue surface is eliminated 

by sliding wear [3]. Therefore, testing under pure 

rolling condition, which is less affected by sliding 

wear, is considered to be effective in investigating 

the mechanism of the effect of lubricant viscosity 

on the occurrence of pitting. In this study, ball-on-

disc type traction tests were conducted using a 

mini traction machine (MTM) (PCS-002672, PCS 

Instruments, UK) under pure rolling condition in 

poly-alpha-olefin (PAO) base-oil with different 

viscosities to investigate the pitting on bearing 

steel surface at the conditions: load of 75 N, 

temperature of 65℃, entrainment speed of 3.0 m/s, 

slide-roll-ratio of 0% and test time of 24 h. In 

addition, we evaluated the pitting area by 

binarization. As a result, we confirmed the fatigue 

damages on rolling contact area (Figure 1). In 

addition, using binarization of MATLAB, we were 

able to calculate pitting area (Figure 2). The pitting 

area lubricated in PAO4 and PAO6 were 0.531% 

and 0.602%. From these results, we considered 

that the increase of viscosities attributed the 

occurrence of pitting.  

Keywords: Tribology, bearing, gear, lubricant 

viscosity, wear, pitting, rolling contact, EV. 

 

Figure 1: Figure shows the laser microscope 

image of the disc surface after testing under pure 

rolling condition in PAO4. From this figure, 

sliding wear and pitting were observed on the disc 

surface. 

 

 Figure 2: To quantitatively evaluate the pitting 

resistance of lubricant, we used MATLAB to 

binarize Figure 1 to clarify the pitting area. Figure 

2 shows the disc surface image after binarization. 

In this figure, the damaged area corresponding to 

the pitting depth is shown in black: 0.531%. 
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Abstract: 

It is well known that the lubricant adsorbed on 

the worn surface and exhibite significant effect 

on lubricating performances under boundary 

lubrication. In recent years, novel mechanical 

systems have been developed that active control 

of friction coefficient in response to changes in 

friction environment, such as temperature, speed, 

normal load 1, 2). This investigation focuese on 
method to control the adsorption sturucter of 

ionice liquids by appling an electric surface 

potential. Ionic liquids are organic salts and form 

the liquids phase at room temperature. Atomic 

force microscopy has shown that friction of ionic 

liquids changes by surface electric potential 

under nanoscale 3). In addition, it has also been 

observed that the film thickness and adsorption 

structe of ionic liquids were changed in static 

field without friction 4, 5). This investigation 

attempted to control friction on macro scale by 

fabricating the friction tester shown in Fig. 1.  

In the case of 1-butyl-3-methylimidazolium 

tricyanomethanide as lubricant, the friction 

coefficient was increased at positive potential. 

However, when negative voltage was applied, 

that was not changed. On the other hand, other 

ionic liquids such as 1-butyl-3-

methylimidazolium tetrafluoroborate and 1-

butyl-3-methylimidazolium 

hexafluorophosphate, the friction coefficients 

were decreased when negative voltage was 

applied. The changed value was approximately 

0.02. It is considered that the ionic species of the 

ionic liquids affect this performance. In addition, 

the response of friction behavior was different for 

each ionic liquid. It is considered that ion 

conductivity of ionic liquids is important factor 

in responsiveness. 

Keywords: ionic liquids, friction control, surface 

potential, responsiveness. 

 

 

Figure 1: Friction tester. 

References: 

1. Murashima, M., Imaizumi, Y., Murase, R., 

Umehara, N., Tokoroyama, T. Saito, T., 

Takeshima, M. (2021), Active friction 

control in lubrication condition using novel 

metal morphing surface , Tribol. Int., 156, 

106827. 

2. Kawada, S., Ogawa, S., Sasaki, S., 

Miyatake, M. (2019), Friction control by 

applying electric potential under lubrication 

with ionic liquids, Tribol. Online, 14, 71-77. 

3. Sweeney, J., Hausen, F., Hayes, R., Webber, 

G. B., Endres, F., Rutland, M. W., 

Bennewitz, R., Atkin, R. Control of 

nanoscale friction on gold in an ionic liquid 

by a potential-dependent ionic lubricant 

layer, Phys. Rev. Lett., 109, 155502. 

4. Watanabe S., Pilkington, G. A., 

Oleshkevych, A., Pedraz, P., Radiom, M., 

Welbourn, R., Glavatskih, S., Rutland, M. W. 

Interfacial structuring of non-halogenated 
imidazolium ionic liquids at charged 

surfaces: effect of alkyl chain length, Phys. 

Chem. Chem. Phys., 22, 8450-8460. 

5. Reddy, A. B., Pilkington, G., Rutland, M. 

W., Glavatskih, S., Tribotronic control of an 

ionic boundary layer in operando extends the 

limits of lubrication, Sci. Rep., 12, 20479. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 121



Sustainable biolubricants based on recycled oils 
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Abstract: 

Sustainable lubrication is currently in high 

demand due to the urgent need of reducing 

pollution caused by human activity to 

achieve a greener and more eco-friendly 

future. Starting from this point, could 

existing lubricants be reused and recycled? 

It will give them a second life and will 

contribute to the reduction of waste. It is 

vital that those lubricants that end up in the 

environment after being used (total loss 

lubricants, TTL) are formulated from 

renewable resources, without toxic 

compounds and 100% biodegradable. [1] 

Based on these needs and considering that 

many sectors consume high quantity of 

lubricants, this project has the objective to 

formulate a biolubricant with at least 50% of 

recycled vegetable oil and complemented 

with pure vegetable oils as well as non-toxic 

and biodegradable additives. 

This study analyses and characterizes the 

tribological performance of different waste 

vegetable oils, pure vegetable oils and green 

additives to obtain an entire sustainable 

lubricant. The main properties evaluated are 

the anti-wear behaviour and the corrosion 

performance, using the equipment Brugger 

and a specific method to identify corrosion 

[2]. 

First step of the project has been the 

physicochemical treatment of the waste 

recycled oils to reduce the odour and 

improve their properties. Afterwards, 

different amounts of recycled oils mixed 

with a selection of two pure vegetable oils 

are tested with the aim to achieve a base 

formulation containing at least 50% of 

recycled oil. 

In addition, green additives are added and 

tested (natural additives such as pigments, 

terpenes, fatty acids, or others natural 

antioxidants/anti-wear compounds). 

To sum up, better qualities than expected are 

found for the recycled oil. A specific mixture 

of recycled oil and vegetable oil showed an 

enhanced performance, proving contribution 

to sustainable lubrication systems. Those 

vegetable oils with high viscosity usually 

present better performance in terms of anti-

wear. Taking that into account, some green 

additives are tested such as natural pigments 

and antioxidants, improving the lubricity 

properties of the final mixture of recycled oil 

and pure vegetable oil between 10-50%. On 

the other hand, green commercial additives 

show a great potential, with an expected 

improvement greater than 50%. Those 

additives are registered in the LuSC-list, 

confirming its biodegrability. 

Keywords: sustainable lubrication, TTL, 

recycled oils, anti-wear, anti-corrosion, 
green additives, vegetables oils.

 
Figure 1: Global market of the lubricants 

industry Market analysis report, 2018. 

 

Figure 2: Corrosion test results (left) and 

anti-wear results (right) 
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Abstract: 

TEHL (Thermo ElastoHydroynamic 

Lubrication) is a specific lubrication regime 

where key machine elements, such as bearings 

and gears, ideally operate. In this regime, a thin 

lubricant film (generally < 1μm) entirely 

separates the surfaces in relative motion, in 

which very high hydrodynamic pressures prevail 

to support the load in the initial point or line 
contacts. Due to the thin film thickness, and 

depending on the slide-to-roll ratio, high shear 

rates occur, accompanied by significant 

temperature variations. It is well known that the 

high pressure rise in the TEHL contact, up to 

several GPa, is in company with a vast increase 

of the lubricant viscosity with several orders of 

magnitude. This is the result of the intensified 

interaction between lubricant molecules. 

Experimental measurements of viscosity at 

pressures above 1-2 GPa are very difficult and 

require specialized extreme-pressure rheometry. 

Alternatively, Molecular Dynamics (MD) 

simulations may offer a promising alternative to 

extract the thermomechanical properties of 

lubricants, particularly viscosity, which is one of 

the most crucial properties under TEHL 

operating conditions. In MD simulations, the 

accuracy is mainly determined by the accuracy of 

force fields used for describing the interatomic 

interactions in the system. In addition, among the 

two main variants of MD simulations, namely 

Equilibrium MD (EMD) and Non-Equilibrium 

MD (NEMD), when EMD simulations are used, 

the specific way of post-processing the EMD 

trajectories has a severe impact on the reliability 

and the accuracy of the calculated properties. 

Moreover, the available methods to post-process 

EMD simulations to extract viscosity contain 

several empirical and heuristic approaches which 

are not based on physical grounds. In this study, 

we aim to address the issues and arbitrariness in 

the current state-of-the-art and develop a new 

post-processing methodology to obtain robust, 

reliable, and reproducible predictions of lubricant 

properties from EMD simulations under relevant 

TEHL operating conditions. 

Keywords: TEHL, lubricant modelling, 

Molecular Dynamics simulations, viscosity. 

 

Figure 1: Figure illustrating the overall goal of 

our study that is the molecular level investigation 

of the lubricant properties under TEHL operating 

conditions.  
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Plasma Etching of High Aspect Ratio Semiconductor Features: 

Challenges and Remedies 
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Abstract: 

The use of plasma processing for semiconductor 

fabrication is largely responsible for the industry's 

ability to maintain Moore's Law (doubling of 

microprocessor capability every 18-24 months) for 

several decades.  With shrinking of semiconductor 

devices becoming more challenging, device 

architectures have transitioned from 2-dimensional 

layouts to 3-dimensional structures to increase 

device density (devices/area).  These structures then 

require plasma etching processes that address high 

aspect ratio (HAR) features.  For example, in 3D-

NAND memory, vias must be etching through 

several hundred alternating layers of silicon-dioxide 

and silicon-nitride, having aspect ratios exceeding 

100. 

Plasma etching of HAR features as used in 3D-

NAND and DTI (deep trench isolation) face several 

challenges, including twisting (features deviating 

from the vertical), partial etch, clogging of masks 

(deposition at the top of the feature that blocks the 

opening), pattern dependent defects, narrowing of 

features and ARDE (aspect ratio dependent etching) 

where etch rates slow with increasing AR.  With the 

advent of 3D logic components (such as GAA – gate 

all around), HAR etching must have both anisotropic 

and isotropic capabilities, with selectivity between 

similar materials, such a Si and SiGe alloys. 

In this talk, an overview will be provided of 

technology challenges in plasma etching HAR 

features for semiconductor fabrication.  Results 

from computational investigations of possible 

remedies for these challenges will be discussed.  

These studies include modeling of conductor DTI 

etching in inductively coupled plasmas (ICPs) and 

dielectric etching in capacitively coupled plasmas 

(CCPs) using reactor scale (Hybrid Plasma 

Equipment Model - HPEM) and feature scale 

(Monte Carlo Feature Profile Model - MCFPM) 

simulation platforms. 

Focus will be on the use of very-low-frequency 

biases with the intent of narrowing ion-angular 

distributions incident onto the wafer and voltage-

waveform-tailoring (VWT) with the additional 

intent of crafting electron energy and angular 

distributions incident onto the wafer to minimize 

charging effects.  (See Figure 1.)  Other topics to be 

covered include the rise in use of pulsed plasmas for 

high volume manufacturing, and new equipment 

design challenges that follow, such as plasma 

instabilities dependent on gas mixture and antenna 

design. The use of machine-learning techniques to 

derive reaction mechanisms for profile simulation 

will also be discussed. 

Work was supported by the US National Science 

Foundation, US Department of Energy Office of 

Fusion Energy Sciences, Samsung Electronics and 

Tokyo Electron America.   

 
Figure 1 – Results of simulations using the HPEM 

for a CCP in Ar/CF4/O2 at 40 mTorr using VWT to 

produce electric field reversals (EFRs) to accelerate 

electrons into the wafer.  a) Cycle averaged electron 

and total ion density. b) electric field above the 

wafer during the radio frequency cycle showing the 

momentary EFR.  c) Ion and electron energy 

distributions incident onto the wafer [1]. 

Keywords: plasma etching, high aspect ratio 

features, modeling, reactor scale, feature evolution.  
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Abstract: 

Plasmas have gained much attention in regard to 

CO2 decomposition due to their potential to 

activate CO2 at reduced energy cost and excite 

CO2 vibrations that efficiently contribute to 

overcome the dissociation barrier. Combining 

plasma reactors with an efficient reduction of 

CO2 would allow the conversion of electricity 

into chemical potential energy, leading to the 

decarbonization of energy sectors and the 

production of fuels in remote locations where 

renewable energy access is optimal. This has led 

to a growing field of research aimed at combining 

renewable electricity with plasmas to convert 

CO2 emissions into synthetic fuels for energy 

storage pathways (see e.g. the schematic 

representation in [1]). This work presents a 

combination of modelling and experimental 

efforts aimed at studying the effect of N2 addition 

on CO2 dissociation and on the vibrational 

kinetics of CO2 and CO under various non-

equilibrium plasma conditions. A self-consistent 

kinetic model, previously validated for pure CO2 

and CO2-O2 discharges (see e.g. [2]), is further 

extended by adding the kinetics of N2 [3]. The 

kinetic scheme is validated by comparing the 

model predictions with recent experimental data 

measured in a DC glow discharge operating in 

pure CO2 and in CO2-N2 mixtures, at pressures in 

the range 0.6 - 4 Torr and a current of 50 mA. 

Both modelling and experimental results show a 

higher vibrational temperature of the different 

modes of CO2 and CO and an increased 

dissociation fraction of CO2, that can reach 
values as high as 70 %, when N2 is added to the 

plasma. The model strongly indicates that the 

dilution of CO2 and dissociation products, CO 

and O2, reduces the importance of back reactions 

and contributes to the higher CO2 dissociation 

fraction with increased N2 content in the mixture, 

while the N2(B
3Πg) electronically excited state 

further enhances the CO2 dissociation (see figure 

1). 

Keywords: plasma, reforming, CO2 

decomposition, DC glow discharge. CO2-N2 

mixtures, electronically excited states 

 

Figure 1: Figure illustrating the absolute and 

effective (accounting for CO2 initial fraction). 

dissociation fraction for different CO2/N2 

mixtures for a discharge current of 50 mA and a 

pressure of 2 Torr. The effect of the 

electronically excited  N2 states is investigated. 
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Abstract: 

For long lifetimes of photovoltaic modules, the 

interaction of the various laminate plies is 

crucial. An essential component is the polymeric 

encapsulant1,2,3. In this study X-ray photoelectron 

spectroscopy (XPS) was used to characterize 
ethylene-vinyl acetate copolymer (EVA) with 

varying VA content. It was proven that XPS is a 

highly reliable method to quantify the VA 

content. The results were corroborated by 

Fourier-transform infrared spectroscopy (FTIR) 

and differential scanning calorimetry (DSC). 

Further focus was given to the XPS analysis of 

damp heat aged glass laminates with three 

different encapsulants. Experiments were 

performed on EVA, polyolefin elastomer (POE) 

and thermoplastic polyolefin (TPO) double glass 

laminates. After delamination by compressive 

shear testing, the fractured surfaces were 

investigated by XPS and FTIR at the polymer 

side of the laminates. It was shown that EVA is 

more prone to degradation as the promising 

alternatives POE and TPO1,3. The differences 

were already discernible after 1000h and were 

even more pronounced with longer exposure 

times up to 10000h. Based on the obtained 

results, a possible degradation pathway was 

established for the encapsulant/glass interface 

and for the bulk of EVA, POE and TPO. 

Diffusion of Na ions from the glass substrate into 

the polymer matrix and the formation of Na-

based salts at the interface were identified as 

primary mechanisms and degradation products.  

Keywords: XPS, FTIR, DSC, photovoltaic 

modules, polymer degradation, interfacial 

interaction 

 

Figure 1: Schematic illustration of exposure, 

delamination and analysis of the fractured 

surfaces. 
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Abstract: 

Lithium ions batteries (LIB) are the most 

prominent technology in the field of energy 

storage where liquid electrolytes are the most 

commonly used solution in the battery industries. 
Despite their attractive properties (such as high 

ionic conductivity and thermal stability at the 

ambient/sub ambient conditions), they have 

shown safety concerns due to their flammability 

which has led to the development of new 

electrolytes systems.  

An emerging field are hybrid electrolytes (HEs) 

which are defined as electrolytes composed of at 

least two well-defined phases. One of the phases 

(or even both) conducts the ions and the other 

phase lend mechanical stability2. A promising 

example of HEs are solid-liquid electrolytes such 

as the structural battery electrolyte (SBE2) where 

two discrete co-existing phases are formed: one 

thermoset structural phase providing mechanical 

integrity and one percolating liquid ion-

conducting phase. The phase separation is 

possible as a result of the variations in the 

solubility parameters of the monomers with 

respect to those of the formed polymers. The 

main feature of the polymer network is the 

microporous structure that gives structural 

integrity to the system thanks to the polymeric 

solid phase and, at the same time, conducts the 

ions through the percolating liquid phase. 

Although the SBE has shown remarkable 

properties results when tested in a negative half-

cell lamina3, it is not fully understood how the 

morphology and chemical composition affect the 

molecular transport in the system. 

The present work describes an attempt to 

investigate ions transport in a series of hybrid 

solid-liquid electrolytes with different liquid 

contents using NMR-techniques. It is clearly 

shown that not only the tortuosity but also the 

ions conductance through the polymer phase 

plays a critical role in determining the 

electrochemical performances of these 

electrolytes (Figure 1). 

 

Keywords: Hybrid electrolyte, lithium ion 

battery, polymer electrolyte, electrolyte, 
porosity, ion diffusion. 

 

Figure 1: Figure illustrating the fundamental 

question that we are tempting to solve 

experimentally: How do the morphology and the 

chemical composition of hybrid electrolytes 

affect the molecular transport in the system. 
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Abstract: 

While electric motors have become an integral 

part of daily life, developments in motor 

technology are constantly increasing the load on 

the insulation materials that use in the motor [1]. 

Electrical insulating varnishes are an important 

class of protective materials that contribute to 

the use of electricity in electrical and electronic 
equipment [2]. This work is aimed to develop an 

unsaturated polyester (UPE) varnish with low 

VOC content. The solvent-free varnish contains 

a reactive diluent (typically a monomer) to 

lower viscosity instead of solvent, and also has a 

catalyst to accelerate curing. The reactive 

diluent participates in the curing reaction [3]. In 

this study,  UPE coatings for electrical 

insulation were produced using two different 

monomers, Sebacic Acid (SA) and Fumaric 

Acid (FA). Curing of UPE coatings was carried 

out using two reactive monomers, vinyl toluene 

(VT) and 1,4-butanediol dimethacrylate 

(BDDMA). Various physical tests (viscosity, 

density, solids content, flash point, etc.), and 

electrical measurements (volumetric and surface 

electrical resistance, etc.) were realized to 

determine the properties of the resins. Fourier 

Transform Infrared Spectrophotometer (FTIR) 

was used for chemical structure analysis. The 

thermal stability of the cured samples was 

determined by Thermogravimetric analyzer 

(TGA). In addition, since environmentally 

friendly and very low VOC products are 

targeted, VOC measurements were made with 

GC (Gas chromatography) measurements to 

determine this. As a result of the study, while 

the electrical volume resistance was measured 

as 1.58x10^15 Ω.cm in cross-linked coatings 

where FA was used; SA was measured as 

6.96x10^11 Ω.cm. It has been observed that the 

VOC values of UPE coatings are between 2.10-

3.60%. 

Keywords: Unsaturated polyester coatings, 

Electrical insulation, Insulating varnish, Low 

VOC 

 

Figure 1: A transformer in insulation varnish 

[4]. 
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Abstract: 

The world’s economy is now entering a new era of 

process electrification, aimed at the possibility of 

eliminating natural resource overuse and 

minimizing CO2 footprint. In this context, non-

equilibrium plasma is considered an appealing 

alternative tool in many applications, including 

nitrogen fixation for agricultural needs (N-

containing fertilizers)1,2.  

Plasma-based nitrogen fixation has received a new 

wave of attention due to the possible integration 

with renewable (green) energy sources, as well as 

using N2 from the abundant, ubiquitous air and H2 

from water, as shown in Figure 1. This technology 

can change the current paradigm of N-containing 

fertilizers synthesis, moving away from large-scale 

manufacturing towards decentralized on-site 

production, i.e., small-scale portable systems. 

In this work, we focuss on the role of a 

plasma/liquid interface in both major pathways of 

nitrogen fixation: reduction (N2→NH3)
3,4 and 

oxidation (N2→HNOx)
5–7 of molecular nitrogen. 

We discuss the specifics of both processes and the 

main fundamental challenges associated with the 

energy-expensive process of dissociation of the 

chemically inert molecule N2, evaluating the role of 

vibrationally excited nitrogen ground states and 

nitrogen fixation kinetics in the presence of water. 
Finally, we address the energy efficiency of systems 

with and without a plasma/liquid interface and 

indicate the main directions towards improving the 

process metrics and obtaining a maximal energy 

efficiency. 

Keywords: nitrogen fixation, non-equilibrium 

plasma, ammonia, nitric acid, electrification of the 

chemical industry. 
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Figure 1: The concept of ammonium nitrate 

(NH4NO3) production using plasma technology. 

Step 1 – HNO3 synthesis; Step 2 – Route A: NH3 

synthesis using atmospheric pressure plasma; 

Route B: using live-stock manure/wastewater from 

the farms as a source of NH3. 
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Abstract: 

To keep the anthropogenic climate impact as low 

as possible, we must extract and utilize the 

resource carbon in cycles. Our innovative plasma 

process can decarbonize two sectors at once: 

Firstly, the mobility sector through synthetic 

fuels and, secondly, the construction sector 

through emission-free concrete production. 

Ships and aircraft are responsible for 6% of 

global CO2 emissions, and the trend is rising[1]. 

Besides the transport sector, the construction 

industry is one of the largest emitters of CO2, 

with concrete as commonly used raw material. 

Concrete production is responsible for 8% of 

global CO2 emissions, with around 3 billion tons 

of cement per year[1]. Concrete can only be 

produced in a very energy-intensive way, using 

around 3 GJ per m³ of concrete. This is because 

concrete uses calcium oxide (CaO) as a binder. 

To produce calcium oxide, lime (CaCO3) must be 

burned at high temperatures. This produces 

emissions in two ways: Natural gas is burnt to 

generate the high temperatures needed for the 

process. In addition, CO2 is released from lime 

during the burning process. Current production 

processes release 600 kg of CO2 per ton of 

cement, 60% of which is burnt out of lime 

(CaCO3). 

The novel plasma process presented here 

addresses both problems simultaneously: the 

high temperatures of the plasma process are used 

for lime burning, replacing fossil fuels which are 

usually used to supply process heat, and 

additionally, the released CO2 can be converted 

using the same plasma reactor. The innovative 

plasma process produces carbon monoxide (CO) 

from the CO2, which can be mixed with green 

hydrogen to yield synthesis gas (syngas). 

Synthesis gas is used to produce synthetic fuels 

and chemicals such as methanol.  

The process is designed to work in conjunction 

with a direct air capture (DAC) plant, which will 

be developed and characterized according to 

performance metrics such as the required energy 

input per captured unit of CO2. Research and 

further development of energy efficient CO2 
capture from air is essential, as the reduction of 

CO2 emissions from fossil fuels is slower than 

required for the 1.5°C goal. According to the 

Intergovernmental Panel on Climate Change 

(IPCC) the goals of the Paris agreement are only 

possible if CO2 is removed from the atmosphere 

in substantial amounts[2]. Until now, the 

extraction and use of CO2 have been separate 

processes. This is unfavorable because so far 

substrates have been used to absorb CO2 from the 

air, which only release the gas for further use at 

very high temperatures, which must be provided 

additionally. Generating these temperatures is 

very energy intensive. This is where the 

innovative plasma reactor presented here can 

offer a novel pathway: it splits CO2 directly 

electrically into CO and O2. The resulting waste 

heat is sufficient to release further CO2 from a 

substrate such as lime (CaCO3) and to split this 

CO2 directly in the plasma as well. The calcium 

oxide (CaO) produced by the waste heat of the 

plasma process is also an efficient CO2 

scavenger. The process can be applied either with 

focus on production of fuels and chemicals using 

CO2 from the atmosphere or with focus on 

climate neutral lime production for the building 

industry. 

 The gliding arc discharge reactor developed at 

our institute can provide discharges at normal 

pressure in large volumes and splitting CO2 with 

high efficiency [3-5]. The efficiency is decisive for 

the energy balance and the large volume of the 

plasma is a prerequisite for a scalable process. 

The next process step is the separation of the 

oxygen, which is produced during CO2 splitting 

to exclude subsequent back reactions and 

facilitate downstream processes like Fischer-

Tropsch.  

A core research question is the interaction 

between plasma, the CO2 as process gas and the 

solid lime and how the interfaces influence the 

reactor performance. Furthermore, the mode of 

operation, reactor geometry, gas flow and 

efficient supply of CaCO3 are investigated. The 

goal is a nominal power of 1000 W in the plasma 

and a plant efficiency of η=50%. Previously, we 

were already able to achieve an efficiency of 

η=40%[5]. The CO2 is efficiently converted and 
processed; subsequently, the product gases are 

measured. The solids produced are also 
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investigated for their usability as cement. 

Continuous operation of both processes, in which 

the lime is circulated several times, will 

demonstrate the stable operation of the plant. 

Keywords: reaction engineering, CO2 

conversion, glow discharge, plasma catalysis, 

sustainability, plasma processes. 

Figure 1: Process scheme of a novel plasma-

based process to produce climate neutral 

concrete. 
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Abstract: 

The rapidly progressing climate change with 

already inevitable consequences for all life on 

Earth requires consistent action. One necessary 

step is to heavily reduce anthropogenic 

greenhouse gas emission [1]. Plasma-based 

conversion of carbon dioxide into valuable 

chemicals or fuels is a promising pathway to 

make captured CO2 reusable for industrial 

processes [2]. It is shown that non-equilibrium 

plasma, utilizing vibrational ladder climbing, is 
capable of splitting the carbon dioxide molecule 

with high energy efficiency [3]. Moreover, recent 

analysis of high-temperature plasma shows that 

by super-ideal quenching, energy efficiencies of 

about 70 percent are possible [4]. 

At the Institute of Space Systems (IRS), the 

inductively coupled plasma source IPG4, 

powering the plasma wind tunnel PWK3, is used 

to study the CO2 conversion in high-temperature 

plasmas [5]. In this work, a parameter study of 

the specific energy input (SEI) is performed by 

varying the input power between 135 and 160 

kW, as well as the mass flow rate between 2.2 

and 4.0 g/s. Influences of the SEI on the overall 

power deposition and generator efficiencies are 

investigated based on experiments with a cavity 

calorimeter, developed in-house [6]. Moreover, a 

heat flux-Pitot double probe is used to determine 

radial profiles of local heat flux, total pressure 

and mass-specific enthalpy values at x = 140 mm 

distance from the generator exit (Figure 1). 

A comparison of the volume-integrated cavity 

calorimeter measurements with the local double 

probe results shows a strong inhomogeneity, i.e. 

radial dependence, of the mass-specific enthalpy 

and, as a consequence, power deposition. The 

aim of this study is to quantify the influence of 

this observed inhomogeneity on the overall 

carbon dioxide splitting performance in the 

plasma jet.  

Keywords: CO2 conversion, calorimetry, CO2 

splitting, inductively coupled plasma, plasma 

diagnostics, high-enthalpy, plasma wind tunnel, 

technology transfer. 

 

Figure 1: Photo of the heat flux-Pitot double 

probe on the plasma jet centerline at x = 140 mm 

distance from the generator exit. IPG4 is 

operated at 160 kW with a CO2 mass flow rate of 

2.2 g/s. 
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Abstract: 

Mitigating climate change requires the development 

of technologies that combine energy and transport 

sectors. One of them is the production of sustainable 

fuels from electricity and carbon dioxide. As one 

option of splitting CO2 plasma based processes 

promising a high potential due to their flexibility, 

scalability and theoretically high efficiencies. 

Including plasma technologies into power to liquid 

plants for industrial use provide the research 

questions: How much does it cost to produce plasma-

induced, pollution-free sustainable fuels? How big 

does a plant get to be profitable? Will we be able to 

synthetically produce diesel for €2/litre and how 

cheap does renewable electricity have to be for this? 

A techno-economic analysis including a sensitivity 

analysis for the joint project PlasmaFuel process was 

carried out around different scenarios in order to be 

able to answer these and other valid questions. 

The use of renewable energies to operate the traffic 

and transport sector plays an important role due to the 

high energy requirements and the large part of global 

CO2 emissions (20%)[1]. 

The generation of electricity-based marine diesel is an 

important area of development for several reasons. 

On the one hand, electrification in shipping is not 

feasible. The reasons for this are the high costs and 

excessive masses of the battery units based on low 

energy densities and the charging infrastructure. On 

the other hand, conventional ship fuel releases sulfur 

emissions when burned. In order to reduce these 

emissions, the shipping industry is striving to further 

develop exhaust gas cleaning systems and to use 

alternative fuels. 

In the present work different plasma technologies and 

plasma processes are modelled in power to liquid 

plants for production of synthetically sulfurfree 

marine diesel and techno economical analysed.  

Crucial element of the techno economic assessment is 

the power to liquid process of the joint project 

PlasmaFuel. In this project, plasma-based CO2 

splitting through dielectric barrier discharge into 

carbon monoxide (CO) and oxygen (O2) was carried 

out. Through subsequent oxygen separation, the CO 

is synthesized together with electrolysis-H2 in a 

Fischer-Tropsch reactor to form marine diesel. The 

energy required for this is to be supplied by excess 

wind power.  

The PlasmaFuel process is modelled in ASPEN plus 

and techno economic analyzed via TEPET, a tool of 

the DLR-Stuttgart. For further variations of the 

process a MATLAB Simulink model was created to 

combine simulation and TEA in one model. The 

extensively studied CO2 splitting with dielectric 

barrier discharge in comparison to novel processes for 

plasma based generation of syngas, for example from 

plasma based concrete production are examined in the 

model. 

The results of the process simulation and the techno-

economic analysis are divided into the three scenarios 

2018, 2030 and 2045. The scenarios differ in the use 

of different boundary conditions and thus represent 

different degrees of technology. The evaluation 

results in process efficiencies and net production 

costs. The net production costs, which represent the 

price of the produced fuel, consist of capital and 

operating costs arising from the simulation results of 

the model. 

In the subsequent sensitivity analysis results of 

parameter variations are considered. Both technical 

and economic parameters are varied. 

In further model variations, the process of a 

PlasmaFuel follow-up project that will start soon is 

compared with the predecessor process. In this 

follow-up project a novel gliding arc discharge 

reactor developed at our institute is used. This reactor 

can provide discharges at normal pressure in large 

volumes and splitting CO2 with high efficiency [2-4]. 

The model created allows statements to be made 

about the industrial use of various processes and 

conclusions can be drawn about the most important 

control variables in terms of process optimization. 

Keywords: techno economic analysis, reaction 

engineering, CO2 conversion, dielectric barrier 

discharge, glow discharge, plasma catalysis, 

sustainability, plasma processes. 
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Abstract: 

Brightsite knowledge center endeavors to 

cultivate a sustainable and carbon-neutral 

ecosystem within the Chemelot site in the 

Netherlands and the wider chemical industry 

worldwide. This consortium is a collaboration 

between Maastricht University, TNO, Sitech, and 

Brightlands Chemelot Campus, and encompasses 

six different program lines. The first program line 

focuses on reducing emissions through 

electrification, with the goal of developing 

thermal plasma technology for the CO2-free 

production of hydrogen and hydrocarbons from 

residual methane or natural gas. 

At Brightsite, we have identified and explored 

three generations of plasma technology for the 

valorization of methane. Maastricht University 

has developed a low-pressure microwave setup, 

which utilizes a 3 kW plasma source to process 

methane gas. This setup has the potential to 

produce high selectivity direct methane-to-

ethylene production, a valuable product. TNO, in 

partnership with other organizations, is working 

to downscale the Hüls process [1], which uses a 

thermal arc to crack methane and produce 

acetylene and hydrogen. A 10 and 50 kW arc 

reactor will be used in this process, with the 

feedstock gas consisting mainly of hydrogen and 

methane mixtures. The gas mixture will be 

quenched in two steps using gas and water 

injection, leading to the formation of various 

products such as acetylene, ethylene, soot, and 

hydrogen. The research plan will also study the 

impact of temperature and residence time on 

hydrocarbon yield and selectivity. 

In a separate application, our team is exploring 

the addition of nitrogen to the methane-hydrogen 

mixture in order to produce HCN, which is a 

sought-after feedstock in the chemical industry 

for the production of acrylonitrile Furthermore, 

we are investigating the potential to utilize these 

sources for the thermolysis of waste plastics, with 

the aim of upgrading them into valuable olefins. 

This presentation will provide a comprehensive 

overview of the latest developments and research 

outcomes in these reactors. 

The next step in the development chain is the 
construction of a pilot plant, which will utilize a 

combination of the Hüls arc process and liquid-

phase hydrogenation to produce hydrogen and 

ethylene from acetylene. The ultimate goal of the 

consortium, in conjunction with other partners, is 

to electrify most processes and installations at 

Chemelot by 2050, with plasma technology 

being used in several process steps to eliminate 

CO2 emissions. 

Keywords: Electrification, Thermal plasma, 

Methane cracking, Waste plastics, 

Decarbonization 

 

Figure 1: The 10 kW arc source developed for 

the thermal cracking of inut gases and plastics 
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Abstract: 

Progressing climate change and the Russian 

invasion of Ukraine is pushing the world into 

global energy crisis. In response to this, the 

awareness of urgency to secure energy supplies 

through an accelerated deployment of renewable 

energy sources has risen worldwide.  

Especially Europe is forced to accelerate it´s 

energy transformation towards renewable 

energies and subsequentially Europe need´s to 

electrify it´s industry.  

The fossil-to-electric (F2E) transformation 

potential of Europe´s industrial sectors is 

estimated to accumulate to approx. 800TWh/a, 

(Figure 1) [1].  

This talk will discuss different electrification 

options it´s related power electronic supply 

requirements. Here, a focus will be set on high 

power plasma torches for esp. retrofitting 

existing gas- and oil-burners in different 

industries, like for instance in the metal, cement, 

or glass industry.  

Depending on the specific industrial process 

(material, required temperature range, flow-rates, 

pressures, …) which shall be electrified different 

plasma types can be utilized (Figure 2). Each 

plasma type requires dedicated power generators 

to ignite and maintain the plasma. This talk will 

discuss two application examples and the related 

boundary conditions. 

Keywords: energy transition, fossil-to-electric 

(F2E) transition, decarbonization of industrial 

processes, energy demand, power-to-heat, P2X, 

plasma burner torches, plasma densities, plasma 

temperatures, flow rates, efficiency, power 
electronics, power generators 

 

Figure 1: Europe´s industrial sectors´ 

electrification potential; transcripted by the 

curtesy of S. Madeddu [1]. 

 

Figure 2: Different plasma types like DC-/AC-

arc, MF- or RF- inductively coupled plasmas 

(ICP), dielectric barrier discharge (DBD) or for 

instance microwave plasma can be utilized. 
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Abstract: 

Measurements of the electric potentials, currents 

and ion thermal plasma in the ionosphere are 

determined by the plasma density, its 

temperature and ion composition, the ratio 

between thermal plasma velocity and the satellite 

velocity with respect to plasma, as well as on the 

intensity of the photoelectron emission from the 

surface materials on the day-side orbits. These 
measurements can be perturbed by a plasma 

sheath formed around the satellite and onboard 

sensors. Such a sheath is formed around a body 

to neutralize the electric charging of its surface in 

contact with the plasma. In the ionosphere, the 

sheath thickness is expected to be few 

centimeters and populated with slightly different 

plasma with respect to the ambient unperturbed 

plasma. Thus, a characterization of the sheath 

electrical properties can be essential for the 

interpretation of the onboard observations. In our 

paper we analyze a set of the plasma and electric 

field measurements performed in the ionosphere 

at the altitude of 700 km onboard the CNES 

DEMETER micro-satellite. The considered 

observations were collected during specific 

orbits when the plasma and electric field 

instruments were operated in the calibration 

mode and provided quick plasma measurements 

together with the wave form electric field 

records. The electric currents injected from the 

electric field sensor to plasma during the 

calibration sequences allow an estimation of the 

sensor-plasma coupling resistance.The collected 

data set is used to justify a recently developed 

analytical model to calculate the sensor-plasma 

coupling resistance from the measured ion 

thermal plasma parameters.  

Keywords: Earth ionosphere, thermal plasma, 

photoelectrons, electric potentials and currents, 

plasma sheath, sensor-plasma coupling reistance. 

 

 
Figure 1: Coupling resistance deduced from the 

electric field measurements on the night-side 

ionosphere (dots) together with the modeled 

resistance calculated using the measured ion 

plasma parameters (lines). 
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Abstract: 

Recently, several studies have reported that the 

efficient plasma generation and uniformity 

control are possible in an inductively coupled 

plasma [2–4, 6] and a capacitively coupled 

plasma [5] with a passive resonant antenna using 

wireless power transmission. In this study, hybrid 

plasma source with a wireless power 

transmission system is developed. In the system, 

the power transmission part consists of a power 

source, a matching network, a transmit antenna 

coil. The power receiving part consists of a 

resonant antenna coil, an electrode, and an 

impedance control unit. The distance between the 

antenna coils is about 5.5 cm. In case of non-

resonance, the plasma is not generated even if the 

RF power is increased from 10 W to 100 W. 

However, it was observed that plasma is 

generated when resonance occurs, and the plasm 

density and ion flux change about 10 times or 

more with changing impedance controller. This 

is discussed along with the relevant physical 

mechanisms. 

 

Keywords: Inductively coupled plasma, 

Capacitively coupled plasma, wireless power 

transfer, magnetic resonance, Plasma density and 

Ion flux 
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Abstract: 

Used for welding, cutting, deposition by 

projection, for the treatement of waste, or in 

analysis for ICP torches, for the synthesis of high 

purity silica or for the manufacture of nanometric 

powders or nanoparticules, plasma torches are 

fundamental in processing of materials and in 

energy industry. Non-transferred plasma torches 

operate in DC and are composed by three main 
elements : a cathode where the electron are 

generated, an anode which serves as a nozzle and 

a plasma gas injection system. The arc is thus 

formed between the cathode and the anode, 

ionizing the plasma gas which will be blown and 

guided through the nozzle [1]. The establishment 

of a model to simulate the creation and 

maintenance of a thermal plasma at atmospheric 

preasure is an important issue, particularly in this 

field where the setting up of experiments proves 

to be very complex due to the large temperature 

values (several tens of thousands of Kelvin), but 

also the large voltage or current values necessary 

in order to achieve the breakdown of the arc. 

Indeed, the experimental manipulations remain 

feasable and very important, but the numerical 

model, once validated, allows us to have access 

to many parameters, in different regimes, to play 

quickly with the geometry or even to penetrate 

into the heart of the plasma without disturbing it, 

which takes much longer with experimental 

methods. In this work, we describe the plasma 

with the local thermodynamic equilibrium (LTE) 

hypothesis, so the electrons and heavy particles 

temperatures are approximatly equal, and we can 

implement the magneto-hydrodynamics (MHD) 

equations using the Plasma’s Equilibrium 

Discharge interface of Comsol Multiphysics 5.5. 

The  steady state equations of conservation of 

fluid mechanics, heat transfer and 

electromagnetics are developed using the 

multiphysics couplings options available in the 

software [2]. Thereby, compressible laminar 

flows (Ma<0.3) are simulated by modifying 

some parameters in order to evaluate their impact 

on the temperature field : the geometry (rounded 

and pointed cathode tip), the swirl parameter 

(low/high value), the current density (-0.5 × 107 

and -2 × 107 A/m² ), the velocity of the particles 

at the inlet (1 and 20 m/s), the radiative losses 

Qrad (using Comsol data or the NEC from the 

LAPLACE), the transport coefficients (viscosity, 

electrical and thermal conductivites, 

thermodynamic properties from COMSOL or 

from the LAPLACE), the nature of the gas (Air, 

N2, Ar, He) (Figure1). 

Figure 1: Temperature field inside the torche 

depending on the plasma gas (N2 / He).  

Fixed parameters : vinlet = 4 m/s ; J = -107 A/m² ; 

Qrad and transport properties from COMSOL 

datas ; rounded cathod ; P = 1 atm ; swirl 

parameter k = 81 E-3 m²/s. 
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Abstract: 

Non equilibrium plasmas are widely used 

technologies for surface treatment. The nature 

and quality of the modification of the surface 
properties depend on the temperatures and the 

plasma-surface chemical reactions. Non 

equilibrium plasmas are characterized by a high 

electron temperature responsible for high 

reactivity and a low gas temperature allowing to 

treat temperature sensitive materials. These kinds 

of plasmas are described by several temperatures 

: translational temperatures (the electron and 

heavy particles temperatures) and internal 

temperatures (electronic excitation temperature 

for atoms, electronic excitation, vibrational and 

rotational temperatures for molecules). The 

reactivity of plasma is known in the literature to 

be highly affected by vibrational levels [1], [2] 

and the rotational distribution can be used for the 

deduction of the gas temperature [3]. References 

[1] and [2] have studied the interaction of 

vibrationally excited molecules with solid 

surfaces. These works confirm the importance of 

vibrational excitation in the chemical reactions. 

This work is interested in the determination of 

vibrational and rotational temperatures for a 

plasma torch dedicated for surface treatment, 

working at atmospheric pressure and delivering a 

quasi-sinusoidal discharge in the frequency range 

of 80 kHz to 200 kHz through a gas flow rate of 

30 slm to 60 slm. To determine these two 

temperatures, studies have been developed 

according two ways : (1) Optical Emission 

Spectroscopy and Boltzmann plot preferred as a 

non-intrusive method for the diagnostic of the 

plume in non thermal equilibrium [3]. Figure 1 

shows a sample of the spectrum emitted by the 

plasma torch in the wavelengths range [225-255 

nm]; (2) radiative simulations of diatomic 

molecular spectra for NO gamma / beta / delta, 

CN violet and N2 First Positive (FPS) systems. 

These simulations are compared with 

experiments in order to validate the temperatures 

found. As examples, some experimental and 

simulated spectra will be presented, and 

temperatures found will be discussed for several 

frequencies and gas flow rates.  

Keywords: atmospheric plasma, non-

equilibrium, optical emission spectroscopy, 

rotational temperature, spectra simulation, 

vibrational temperature. 

 

Figure 1: NO emissions from the plasma plume 

in the UV (0-1 and 0-2 bands of NO γ system). 

The light signal was acquired at 5 mm from the 

end of the nozzle, for 40 slm (N2)and 80 kHz. 
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Abstract: 

Dielectric Barrier Discharge (DBD) reactors 

operating in humid air are widely used in many 

applications, including plasma medicine [1] and 

plasma agriculture [2]. Reactive species 

generated in a humid air plasma play a central 

role in these fields and, consequently, kinetic 

models of DBD devices is an essential tool to 

better understand and improve the operation of 

this kind of reactors. In this work, a 0D model is 

presented, aimed to simulate the chemical 

kinetics of a DBD sinusoidal reactor in humid air 

(considered as a tri-molecular gas composed by 

nitrogen, oxygen and water). The reaction set 

adopted is based on the one proposed by 

Sakiyama et al. [3]. The average power delivered 

to the DBD during one time period of the voltage 

source is assumed constant. 

The occurence of microdischarges in a time 

period is evaluated assuming that discharges 

initiate whenever the electric field Egap in the air 

gap reaches a given threshold value Ein, 

considered as a simulation parameter. Egap is 

calculated as the difference between the external 

electric field Eext (due to the imposed voltage at 

the electrodes) and the field Ec generated by the 

charge deposited on the dielectric barrier. When 

the discharge takes place, Ec is updated to make 

Egap equal to another parameter of the simulation, 

i.e. the extinction field Eend. The behavior of Eext, 

Ec and Egap is reported in Fig. 1. ZDPlaskin [4] 

was utilized to model the DBD kinetics. A 

microdischarge is simulated introducing a 

triangular power peak as a  source term. 

This approach allows to account both for the 

input power and the frequency of the power 

supply. 

Keywords: Kinetic modelling, global model, 

plasma kinetics, plasma modelling, dielectric 

barrier discharge 

 

Figure 1: Figure illustrating the behaviour of the 

external electric field Eext (due to the imposed 

voltage at the electrodes), the field generated by 

the charge deposited on the dielectric barrier Ec 

and the electric field in the air gap Egap. 
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Abstract: 

The injection moulds in the polymer industry 

must be in perfect condition to manufacture 

pieces without defects. Nevertheless, the 

thickness of the self-lubricating coating is 

expected to diminish with continuous 

manufacturing, where the functional moulds’ 

surface, is decreased. Manufacturing pieces with 
defects, will fail the control quality tests. To 

prevent this and extend the mould’s core lifetime, 

is required to maintain the mould’s coating. For 

this process is necessary the complete removal of 

the degrading coating before the deposition of a 

new layer of a functional coating by PVD 

deposition. Laser technology has already been 

demonstrated to remove paints and oxides 

successfully. So, the present work reports the 

study to remove the CrN coating type of the 

injection mould, through fibre laser irradiation. 

The laser parameters such as scan speed, power, 

frequency, pulse width, and pitch were assess to 

promote the laser selectivity for the coating’s 

removal, without degrading the mould’s core 

(steel). Also, with laser irradiation is possible to 

prepare the mould’s core surface, like its texture, 

to increase the adhesion of the new coating. The 

results prove that the laser technology can be 

used for the completely degraded coating’s 

removal without damaging the mould’s core. 

Keywords: Fiber laser, functional coating 

removal, injection moulds, surface 

micromachining, PVD deposition, polymer 

industry. 

 

Figure 1: Figure illustrating the degraded 

coating removal selectivity through laser 

irradiation.  
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Abstract: 

The phase-change materials (PCMs) release 

a large amount of energy as latent heat upon 

freezing, which is a stimuli-response 

behavior for anti-icing applications. Such 

materials embedded within coatings can be 

applied to exposed infrastructures to protect 

them against icing. Here, we encapsulated a 

mixture of PCMs in a urea–formaldehyde 

(UF) shell by in situ polymerization and then 

incorporated the microcapsules into a 

polydimethylsiloxane (PDMS) coating. 

Microcapsules 5 to 15 µm in diameter having 

a shell thickness of about 200 nm were 

fabricated. Investigating the chemical 

composition of the fabricated microcapsules 

confirmed that PCM material was 

successfully encapsulated within the UF 

shell. Moreover, the differential scanning 

calorimetry (DSC) analysis showed that the 

PCM preserved its phase-change 

characteristics when encapsulated and 

embedded within the matrix. Increasing the 

abundance of microcapsules within the 

coating lowered the ice nucleation 

temperature, verified by DSC, and increased 

the freezing-delay time because of PCM 

latent heat release. We utilized a custom-

made apparatus, called micro-push-off set-up 

that allowed us to measure ice adhesion at the 

exact moment that the water droplet was 

completely frozen. Therefore, it was 

observed that the presence of the PCM 

microcapsules reduced ice adhesion strength, 

through either possible mechanism of the 

formation of quasi-liquid layer (QLL) or 

thermal expansion differences. Furthermore, 

lower ice adhesion resulted in reduced ice 

accumulation on the PCM-containing 

coatings, verified by the static accumulation 

test (SAT). 

IR thermography confirmed that this reduced 

ice accumulation in the PCM-containing 

samples occurred because of the higher 

surface temperature of these samples related 

to the latent heat released by the PCM. The 

lowest ice accumulation was observed for 

samples containing 20% PCM. In general, 

greater microcapsule content led to higher 

released latent heat, and therefore, reduced 

ice adhesion strength; however, for the 

sample containing 30% microcapsules, an 

increased ice adhesion is most likely related 

to a higher surface roughness favoring 

greater mechanical interlocking, matching 

the patterns observed with ice accumulation 

Keywords: icephobity, phase change material, 

PDM, Ice adhesion,DSC,encapsulation . 

 

Figure 1: SEM images illustrating (a) spherical 

microcapsules, (b) poly urea–formaldehyde 

(PUF) shell thickness, (c) a PCM microcapsule 

surface, and (d) a topographical map of 

microcapsules obtained by profilometry. 
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Abstract: 

Anodizing is an electrochemical process widely 

used to protect aluminum and its alloys in wear 

and corrosion-prone applications. In cast Al-Si 

alloys, however, the presence of large Si 

precipitates causes local disruption of the anodic 

oxide layer, thus shortening the alloy service life. 

Unlike conventional casting, the high cooling 

rates of additive manufacturing (AM) processes 
promote the formation of a very fine 

microstructure, potentially suitable for the 

subsequent anodizing treatment [1−4]. In this 

work, we anodized and sealed AlSi10Mg 

samples fabricated by laser powder bed fusion 

(LPBF) and surface finished by sandblasting 

with glass microspheres, tumbling, and 

mechanical polishing. The microstructure, 

mechanical properties and corrosion resistance 

of the anodized and sealed samples were 

investigated as a function of surface finish. For 

all samples, scanning electron microscopy 

(SEM) micrographs revealed the formation of an 

oxide layer consisting of anodized Al cells 

decorated with partially oxidized Si particles and 

cavities (Figure 1). Anodic oxide layers with 

uniform thickness were found in the tumbled and 

polished samples due to the finer distribution of 

the Si network and the regular surface of the 

metallic matrix. As a result, the corrosion 

potential in 3.5 wt.% NaCl solution increased 

from about −500 mV for the untreated parts to 

−200 mV for the unsealed anodized ones. 

Sealing further enhanced the corrosion potential 

to +150 mV. On the other hand, the irregular 
surface of the sandblasted samples and the 

presence of residual glass microspheres 

embedded in the growing oxide layer resulted in 

lower corrosion resistance of the anodized 

sample, with high point-to-point variability. 

Finally, anodizing increased the hardness of the 

metallic matrix by about 100 HV0.001 regardless 

of the surface finish. 

Keywords: additive manufacturing, AlSi10Mg, 

anodizing, corrosion, hardness, laser powder bed 
fusion, microstructure, surface finish. 

 

Figure 1: SEM micrograph showing the cross-

sectional view of an anodized AlSi10Mg sample 

fabricated by LPBF. 
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Abstract: 

Due to harsh working environments, parts in oil 

and gas plants must meet strict requirements in 

terms of corrosion resistance. Thus, they are 

usually made of either stainless steel or Ni-based 

superalloys. Among all components, metal 

seated ball valves are particularly critical, as they 

are additionally subjected to severe tribological 

contact conditions. Therefore, they are 

traditionally fabricated by forging and then 

coated with wear-resistant thermal-sprayed 

coatings. In recent years, additive manufacturing 

(AM) techniques have been increasingly adopted 

in the oil and gas industry, as they allow to 

shorten the production lead time. However, like 

a traditional part, AM components cannot meet 

the requirements for these applications without 

coatings or surface treatments. Among the latter, 

thermochemical treatments could enhance the 

corrosion and wear resistance of the parts [1,2] 

without significantly increasing the production 

time, as they could be performed in heat 

treatment furnaces. 

In this work, we studied the effects of low-

temperature gas nitriding and plasma nitriding on 

the hardness, wear resistance, and corrosion 

resistance of Inconel 718 parts obtained by 

Laser- Powder Bed Fusion (L-PBF). We 

performed micro-indentation tests, ball-on-disk 

tests using Al2O3 and 100Cr6 counterparts, 

potentiodynamic polarization tests, and 

corrodkote tests (ASTM B380). The results were 

compared to those obtained using a thermal-
sprayed WC-10Co4Cr coating as a benchmark. 

After both plasma and gas nitriding, the surface 

hardness increased from about 350 HV to 1000-

1200 HV, leading to a reduction in the wear rate 

against both counterparts. The wear rate against 

100Cr6 was comparable to that of the 

benchmark. By contrast, it was still two or three 

orders of magnitude higher than the benchmark 

against Al2O3. Due to the undesired formation of 

nitrides in the hardened layer, the corrosion 

resistance of the material deteriorated after 

nitriding. However, the corrosion current 

measured on the nitrided material was still two 

orders of magnitude lower than that of the 

reference WC-CoCr coating. 

Keywords: nitriding, selective laser melting, 

corrosion, tribological properties. 

 
Figure 1: 3D reconstructions of the wear tracks 

on the surface of a) non nitrided sample, and b) 

gas-nitrided sample, after sliding against 

100Cr6. 
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Abstract: 

Ionic liquids (ILs) are organic salts consisting of 

anions and cations that exist as liquids at room 

temperature. The ILs bear many attractive 

properties such as negligible volatility, low 

flammability, and relatively high thermal 

durability. These properties can be varied in a 

controlled fashion through systematic changes in 

the molecular structure of their constituent ions. 

Recently, some studies have been reported which 

aim to use the ionic liquids as a new lubricant. 

However, at present, most of the low friction 

tribomaterials using ionic liquids are not 

reported.  

In this study, we are developing a low friction 

sliding system using ionic liquid polymer brush. 

The sliding system is a lubrication system 

composed of the concentrated ionic liquid type 

polymer brush layer (ILPB) wet with an ionic 

liquid and a smooth glass ball (Maximum height 

roughness < 3 nm) obtained by gluing the smooth 

glass sheet to a glass ball with UV resin. The 

ILPB synthesized by the surface-initiated atom 

transfer radical polymerization (ATRP) of ionic 

liquid type monomer on a silicon substrate 

surface-modified with ATRP-initiating groups.  

Combining ILPB and the smooth silica sheet has 

provided quite low friction coefficient values (≦

0.01) at a sliding speed of 0.010 m/s under a 

normal load of 9.8 N at the same position to 

confirm the stability of its low frictional property. 

All through the 4000 friction cycles, the friction 

coefficient value of smooth glass ball/ILPB 

maintained a value of 0.003 (Figure 1) showing 

that the super lubricity of polymer brushes was 

maintained after a long time exposure and 

repeated usage. In contrast the glass ball 

(Maximum height roughness = 220 nm) /ILPB 

showed an immediate increase of the friction 

coefficient value within the first ten cycles, even 

under a much lower load (0.98 N).  Molecular 

smoothness of the facing materials of polymer 

brushes was clarified as being essential to 

achieve super lubricity on a macroscopic 

tribology scale. In this meeting, we will also 

report on the results of a sliding system in which 

a porous anodized alumina (PAA, Figure 1) 

material was used for the polymer brush base 

material, resulting in even lower friction and 

higher repetitive durability. 

Keywords: Ionic liquid, polymer brushes, 

tribology, low friction materials, porous alumina, 
texture 

 

Figure 1: SEM image of PAA surface. 
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Abstract: 

We present a multiscale simulation approach to 

derive effective diffusion coefficients in 

hierarchically structured, macro/mesoporous 

materials employed as surface coating or 

supports for chromatographic separation and 

heterogeneous catalysis. Simulated diffusion 

coefficients account for the solute dynamics at 

the interface between the pore surface and 

saturation (wetting) liquid as well as for the 

actual morphology of the material. Molecular 
dynamics simulations characterize the interfacial 

dynamics through mesopore-level distributions 

of liquid and solute density and the diffusion 

coefficient parallel to the pore surface under 

explicit consideration of surface chemistry, 

solvent and solute properties, and composition of 

the liquid. 

This information is incorporated into Brownian 

dynamics simulations of the effective diffusion 

coefficient in the mesopore space morphology as 

physically reconstructed by scanning 

transmission electron microscopy. Mass transfer 

between pore space hierarchies is simulated 

using an effective homogeneous medium 

representation for the mesoporous domain in the 

macropore space morphology as physically 

reconstructed by confocal laser scanning 

microscopy. The derived diffusion coefficients 

have immediate value as input parameters for 

transport in and through hierarchically structured 

surfaces and supports applied in environmental 

science and technology, for chemical separations 

and in catalysis. It strengthens the basis for 

predictive modeling and removes ambiguity 

regarding adsorption and transport mechanisms. 

The simulation approach is sensitive to subtle 

changes in interfacial dynamics (e.g., as induced 

by changes in the chemical surface modification) 

and flexible regarding the employed coating and 

support morphologies. 

Keywords: chemical surface modification, 

interfacial dynamics, diffusion in porous media, 

hierarchical pore space morphologies, molecular 

dynamics simulations, Brownian dynamics, 

porous silica, glass. 

 

Figure 1: Multiscale approach to the simulation 

of effective mesopore and bed diffusion 

coefficients (Dmeso and Dbed) in a hierarchicall 

porous material (coating or support) under 

consideration of the interfacial dynamics [1, 2]. 

The surface of the silica support is chemically 

modified with long alkyl chains (C18 or C8). 

Molecular dynamics (MD) simulations address 

the interaction of solvent and solute molecules 

with this surface at the single-mesopore level 

(left). The information obtained for solvent and 

solute distribution and mobility, expressed by 

the density and surface-parallel diffusivity 

profiles ρ(z) and D‖(z), is subsequently 

embedded into Brownian dynamics (BD) 

simulations to obtain Dmeso for the mesopore 

space (B). BD simulations of Dbed in the 

macropore space of the material (C) finally 

account for the interfacial dynamics from the 

MD simulations by considering solvent and 

solute exchange between pore space hierarchies 

as well as for diffusion in realistic pore space 

models derived by physical reconstruction. 
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Abstract: 

Fast surface diffusion of binary, aqueous-organic 

liquids near chemically modified hydrophobic 

silica surfaces describes a complex phenomenon 

that exists in a narrow ditch region where the 

silica-tethered alkyl chains meet the aqueous-

organic binary liquid. The lateral mobility of 

solvent and solute molecules in the organic 

solvent-rich ditch can exceed their bulk 

diffusivity in the saturating binary liquid. 

Through molecular dynamics simulations using 

an established silica-based mesopore model and 

aqueous-organic (water-acetonitrile) liquid 

phases as well as a suitable solute set, we study 

how chain length (C18 vs C8) and ligand (C8) 

density at the surface contribute to the lateral 

mobility gain from surface diffusion of solvent 

and soute mocules [1]. The simulations show that 

C8 chains are better solvated and more often in an 

upright and stretched conformation than C18 

chains, which leads to a higher maximum 

acetonitrile excess in the ditch region. High 

ligand density reinforces this effect. The 

acetonitrile-excess advantage of C8 phases 

translates not necessarily into faster surface 

diffusion, because the shorter chains have lower 

alkyl chain mobility. Surface diffusion on a C8 

phase is generally slower than that on a C18 phase. 

The simulations have shown that the chemical 

surface modification contributes twofold to 

surface diffusion: passively through acetonitrile 

enrichment (interaction between alkyl chains and 

binary liquid) and actively through lubrication 

(interaction between alkyl chains and the solvent 

and solute molecules). Whereas a passive 

contribution to surface diffusion can be predicted 

to exist for any surface of the investigated surface 

modifications, the same cannot necessarily be 

said of the active contribution, for which a certain 

flexibility of the alkyl chains in the acetonitrile 

ditch is required. 

Keywords: chemical surface modification, 

interfacial dynamics, surface diffusion, 

molecular dynamics simulations, silica models. 

 

Figure 1: Snapshot of the silica surface 

chemically modified with long alkyl chains. The 

mesopore model features a C8 (octadecylsilyl) 

phase equilibrated with 70/30 (v/v) 

water/acetonitrile (left panel) and a top view 

onto the silica surface bearing the high density-

C8 phase (right panel). Atoms and united-atom 

groups are colored as follows: Si, yellow; O (of 

silica and water molecules), red; H (of residual 

surface OH groups and water molecules), white; 

acetonitrile molecules, green; and CH2 and CH3 

united-atom groups, gray. 
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Abstract: 

Many living beings in nature, including the lotus 

leaf, rice leaf, butter flying wing and water-

strider legs are the inspiration for many 

innovations and continues to serve as an 

invaluable resource to solve technical challenges. 

Such unique surfaces possess several unique 

beneficial properties, i.e., extreme water 

repellency, self-healing, self-cleaning, anti-
bacterial, anti-corrosion, enhanced heat transfer, 

drag reduction and improved corrosion 

resistance. Recently, superhydrophobic surfaces, 

for which the water contact angle is higher than 

150° and sliding angle less than 10°, have 

received attention due to the many potential 

applications ranging from biological to industrial 

processes and usable/applicable even in daily 

life. 

The main purpose of this scientific paper is to 

demonstrate that can be produced 

superhydrophobic structures on metallic surfaces 

with an innovative, flexible, and low-cost 

laboratory setup. The method which we use to 

design these structures is by laser ablation with a 

nanosecond pulsed Nd:YAG laser. These 

patterned superhydrophobic metallic surfaces 

help us to obtain a fingerprint device to be used 

on polymeric materials such as 

polydimethylsiloxane-PDMS and  polyethylene 

terephthalate-PET. Because the polymeric 

structures have the same properties as those of 

metal patterns, they are used in a large number of 

remarkable applications: biology, food industry, 

marine, and textile industry. Therefore, in this 

experiment, we have developed an experimental 

and follow theoretical basis to obtain 
superhydrophobic surfaces. 

Keywords: laser surface modifications, 

superhydrophobic surfaces, laser ablation, 

imprinting polymeric materials 
 

 

 

Figure 1: Experimental set-up 

 
Figure 2: Al surface irradiated in the 

environment 
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Abstract: 

To ensure that the adhesive joints between the 

upper and the sole of the shoe are strong and 

durable, surface preparation is crucial. In this 

work, robotic atmospheric pressure plasma 

technology is researched as a more 

environmentally friendly surface treatment than 

chemical solvent treatments (i.e., halogenation) 

for styrene-butadiene rubber (SBR) vulcanised 

rubber to promote adhesion. In this work, 
different parameters, such as the application 

speed the nozzle distance of the atmospheric 

plasma system, have been optimised. In addition, 

the effects of plasma treatment on the surface of 

the rubber material have been evaluated using 

different experimental techniques such as Fourier 

transform infrared spectroscopy (FTIR), X-ray 

photoelectron spectroscopy (XPS), field 

emission scanning electron microscopy 

(FESEM), contact angles (CA), surface free 

energy (SFE) and T-peel tests. The adhesion 

results show that the values obtained for the T-

peel strength of the adhesive joints of the three 

polyurethane adhesives (solvent, water-based 

and hot melt) studied meet the requirements for 

footwear according to the standardised tests. 

Consequently, atmospheric plasma could replace 

solvents as a surface treatment for shoe soles by 

optimising and validating plasma operating 

conditions and rubber adhesion qualities. The 

main advantage of this technology is that it can 

fully automate the bonding process on the 

production line using robots. 

Keywords: surface treatment, atmospheric 

plasma, footwear materials, plasma treatment 

surface, bonding process, sustainability. 

 

Figure 1: Surface activation process by plasma 

technology on vulcanized rubber. 
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Abstract: 

Nowadays, synthetic rubbers plays an important 

role in the tire production industry. In many ways 

substitues natural rubber due to ist enhanced 

performance properties. However, according to 

its nature, there is a lack of required surface 

manufacturing properties e.g. mostly polymers 

are hard to adhere and non-wettable. 

Additionally, multiple physical treatements are 

performed to achieve desired characteristics. One 
of these treatment reflects atmospheric plasma 

source such as diffuse coplanar surface barrier 

discharge  working in the artificial air. In recent 

years, the DCSBD source gained significance in 

treatment of glass, wood or polymers [1, 2]. The 

main andvantage of DCSBD system consist of 

fast treatment within seconds producing 

macroscopically homogenous plasma with 

relatively high electron density and input power 

[2, 3]. In this work, the SBR/BR/NR rubber blend 

filled with carbon black was subjected to the 

DCSBD plasma for 10 s and 30 s in order to 

improve surface properties. Morphology of 

modified rubber blend was studied via scanning 

electrone microscope and atomic force 

microscope with regards on surface roughness 

and fragmentation of surface relief. Also wetting 

characteristics and surface energy were studied 

via contact angle measurement using two testing 

liquids by sessile drop method. Furtermore, 

modified rubbers were characterized by IR 

spectroscopy. The submitted work has been 

supported by the Operational Program Integrated 

Infrastructure, co-financed by the European 

Regional Development Fund by the project: 

Advancement and support of R&D for "Centre 

for diagnostics and quality testing of materials" 

in the domains of the RIS3 SK specialization, 

Acronym: CEDITEK II., ITMS2014+ code 

313011W442. 
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Abstract: 

The use of plasma in producing thin films has 

proven to be effective in controlling the 

growth and structure of the forming 

crystallites. In this work, the effects of 

excitation of the plasma at different pressures 

of the medium on the flux and energy change 

of the atoms that reach the substrate during 

the growth of thin films of titanium and 

titanium dioxide are analyzed. Two methods 

of creating plasma are compared: microwave 

radiation (MR) and glow discharge at an 

applied voltage of -500 V . Molecular flux 

are calculated using Bohm's theory and 

plasma parameters are measured with a 

Langmuir probe. Titanium and titanium 

dioxide films are grown with different 

substrate voltages and flow angles of 

incidence (see Figure a), which are studied 

by scanning electron microscopy and X-ray 

diffraction (see Figure b). The results show 

that plasma activation at different pressures 

and with different methods of excitation 

significantly affects the growth and structure 

of titanium and titanium dioxide films. 

Keywords:Langmuir probe diagnostic, plasma 

activation, CVD, PVD, the forming 

crystallites. 

 
                     a)                                  b) 

Figure 1: Figure illustrating a) Experimental 

scheme to generate titanium dioxide films with 

an inclined columnar structure, b) Images 

obtained by SEM of thin film  𝑇𝑖𝑂2. 
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Abstract: 

The last decade has seen an increase in 

technologies for plasma-assisted surface 

treatment, modification and diagnostic, such as 

the use of ion beams during the growth of thin 

films that influences microscopic properties and 

the sputtering process used in the cleaning of the 

substrates and the production of metal vapors, 

where most of these techniques are based on 

glow discharge. This work focuses on the 

numerical and experimental study of the main 

features of the glow discharge in a system 

composed of a cylindrical quartz chamber 

containing argon gas, whose length and radius 

are 20 cm and 2.5 cm, respectively (Figure 1). 

Said chamber is limited by two copper electrodes 

whose potential difference varies between 0 V to 

- 1 kV and the operating pressure range used is 

from 10 mTorr to 10 Torr as reported in the 

literature. This discharge is characterized by 

being independent of time, the generation of 

secondary electrons that allow the discharge to be 

self-sustaining, as well as the manifestation of 

fixed regions, among others. These properties 

were analyzed numerically using the COMSOL 

Multiphysics software since it facilitates the 

coupling of the electrostatic field to the transport 

equations of both the electrons and the heavy 

species of the gas. Subsequently, the physical 

system was built to experimentally determine the 

significant parameters of the argon plasma, such 

as the density of electrons and ions, the electronic 

temperature, and the spatial distribution of the 

potential; from electrical measurements acquired 

by a Langmuir probe diagnostic, which allowed 

theoretical and experimental quantities to be 

compared. The results presented in this article 

can be useful to establish a methodology in the 

design, construction, and characterization of new 

plasma-based technologies, oriented to the 

treatment and modification of surfaces. 

Keywords:Langmuir probe diagnostic, argon 

plasma, thin films, Comsol Multiphysics, 

sputtering process, metal vapors. 

 

 

 

 

Figure 1: Figure illustrating the spatial 
distribution of the glowing discharge (argon 

plasma) obtained experimentally (left) and using 

COMSOL Multiphysics software to simulate 

said plasma (right). 
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Abstract: 

The work is focused on the comparative 

evaluation of tribological and nanoindentation 

behaviors of 316 stainless steel fabricated by 

conventional rolling (316T) and selective laser 

melting (316L) process with further surface 

pulsed-plasma treatment. The specimens of the 

steel were used in as-received condition. An 

electrothermal axial plasma accelerator under a 
discharge voltage of 4.5 kV and pulse duration 

of 1 ms was employed for the pulsed-plasma 

treatment. The research was performed using 

optical microscopy, scanning electron 

microscopy, EDX, X-ray diffraction, 

nanoindentation measurements and tribological 

tests (according to the “Ball (Al2O3)-on-Disc” 

scheme, under 5 N normal load, in a simulated 

body fluid (SBF) having the ions concentration 

(mM/liter): Na+=145.0, K+=4.0, Mg2+=1.0, 

Ca2+=2.5, Cl–=127.0, HCO3– =24.0) [1]. 

It was found that SLM-fabricated 316L steel 

featured an inhomogeneous austenitic structure 

of a “fish-scale” pattern consisting of columnar 

and cellular dendrites. Also, SLM samples 

included Ti-based oxides, TiC carbides, silicate 

compounds, and pores. Due to the fine cellular 

structure and residual stresses, SLM-316L steel 

had nearly double hardness (at almost the same 

elastic modulus) as compared to the reference 

rolled 316T steel. The presence of porosity and 

coarse non-metallic inclusions in the structure 

resulted in an inferior dry-sliding wear 

resistance of as-received SLM-316L as 

compared to the rolled reference. Sliding in 

simulated body fluid has led to a notable drop in 

the friction force. Under these conditions, SLM-

316L has performed a lower coefficient of 

friction (CoF) and three-fold higher wear 

resistance relatively to the plate-316T steel due 

to higher hardness and formation of oxide films 

on the surface. 

Pulsed-plasma treatment has resulted in 

modification of the sub-surface layer to the 

depth of 22-26 m through the melting (at a 

heating rate of up to 3.6106 Ks–1) followed by 

crystallization at a cooling rate of up to 1.6106 

Ks–1 (Figure 1). The modified layer acquired a 

dense cellular structure with refined cells of 0.3-

0.7 m (in cross-section) diameter normally 

positioned to the surface. Plasma modification 

has greatly changed the structure of the rolled 

sample from a polygonal to a cellular pattern 

causing an increase in the hardness. With that, 

the pulsed plasma processing has not affected 
the hardness of the SLM samples. Moreover, the 

plasma modification has not influenced the 

elastic modulus of 316 steel.   

The tribological testing has shown that the 

pulsed plasma modification moderately 

increased the dry-sliding wear resistance of both 

SLM-316L (due to the removal of porosity 

under surface remelting) and rolled 316T (due to 

hardness increasing). PPT has improved the 

SBF-wear resistance of plate-316T, however, it 

decreased the SBF-wear resistance of SLM-

316L samples. 
 

Keywords: steel 316L; selective laser melting 

processing; pulsed-plasma treatment; dry sliding 

wear; SBF sliding wear; nanoindentation. 

 

Figure 1: The subsurface layer of SLM sample 
of 316L after pulsed-plasma modification. 
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Abstract: 

As the feature size of semiconductor devices 

shrank to sub-100 nm scale, thin hard mask 

layers with performance beyond conventional 

polymer photoresists were required. For an etch-

resistant hard mask, the material should satisfy 

requirements such as high etch selectivity, easy 

ash-off after the etch process, and transparency at 

visible range. Amorphous carbon layer (ACL) 

films are widely used as hard mask in 

semiconductor fabrication industry due to their 

good properties such as a high etch selectivity 

compared to silicon based materials (ex. Poly-Si, 

SiO2, Si3N4), optical transparency and easy 

stripability in oxygen plasma.  Among the 

properties of ACL film, the dry etch selectivity is 

one of key factor to determine the critical 

dimension of the patterns on the wafer in 

patterning process and the high selectivity of 

ACL film has continuously been needed for the 

fabrication of high aspect ratio patterns. Thus it 

is essential to synthesize the ACL film with high 

dry etch selectivity without deteriorate any 

properties of current ACL for Vertical NAND 

(VNAND) devices [1]. 

ACL films were deposited using the 

commertial PE-CVD deposition system. 300 

mm-sized Si Wafer was loaded through loadlock 

system and it was seated on the heater in chamber 

and then the temperature was kept at 550C during 

the deposition. Process gases for ACL films were 

C3H6 for carbon source and the inert gases such 

as Ar and He. N2 gas was also added for process 

gas to promotion the selectivity of ACL films.  

Figure 1 shows the extinction k variation with 

the change of N2 flow rate. It is well known that 

the etch selectivity of ACL film had linear 

relations with extinction coefficient, k of film. 

Thus the selectivity of ACL film could be 

expected from its k value [2]. As shown in fig. 1, 

k increased with the N2 flow rate. The reason for 

the increase of k with nitrogen could be due to 

the catalytic graphitization of nitrogen as 

expected. The carbon graphitization by nitrogen 

in ACL film was also confirmed by Raman 

Spectra of nitrogen doped ACL films. From these 

results, it was confirmed that the addition of 

nitrogen made a dense ACL film by the 

formation of carbon hexagonal cluster. And this 

dense ACL film showed the dyr etch selectivity 

increased by 10% from the test of etch test using 

CF4 plasma. This ACL film with high selectivity 

was named by the nitrogen doped high selectivity 

ACL (NHS-ACL). The NHS-ACL was applied 

to channel-hole process in the VNAND device. 

Compared to HT-ACL, thickness range of NHS-

ACL film was decreased by 50% and size 

distribution of patterned hole was much 

uniformed. From these results, NHS-ACL film 

was successively applied to VNAND fabrication 

Keywords: etch hard mask, amorpnous carbon, 

ntrogen addition, dy etch selectivity, 

graphitization, VNAND memory device. 

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

0.40

0.42

0.44

0.46

0.48

0.50

 

 
E

x
ti
n

c
ti
o

n
 C

o
e

ff
ic

ie
n

t,
 k

Ratio of N
2
 and C

3
H

6
 (N

2
/C

3
H

6
)

 

Figure 1: The Change of extinction coefficient, 

k with the change of the flow rate ratio of N2 and 

C3H6.  
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Abstract: 

The aerospace industry is seeking lighter and 

more fuel-efficient aircraft to reduce carbon 

emissions, and fibre-reinforced composite mate- 

rials offer a solution to achieve this aim. 

Adhesive bonding has become a popular joining 

technique, eliminating the drawbacks of 

traditional methods and allowing for a stronger 

joint. Surface preparation modifies the surface 
morphology of the composite adherend, this has 

an impact on the interaction between the adhesive 
and the adherend. The use of adhesively bonded 

composite structures offers numerous benefits, 

but inadequate bonding processes have caused 

multiple failures in the past few decades, 

hindering their use in air- craft manufacturing. 

Therefore, mechanical fasteners are also used as 

redundancy. The strength and durability of a 

bonded joint depend on the adherend surface, 

which needs to be free from contaminants such 

as dust and grease. While cleaning the adherend 

can obtain a clean bond surface, employing 

surface preparation techniques that modify the 

surface energy, chemical composition, and 

roughness can significantly im- prove bond 

strength. The resulting improved wettability of 

the bond surface, results in a more intimate bond 

between the adhesive and the adherend hence 

creating a stronger joint. 

Surface treatments play a crucial role in creating 

a stronger bond by increasing the roughness and 

surface energy of the composite adherend, but the 

varying effects of different surface preparation 

methods need to be characterised and ranked 

based on joint strength. 

The work in this paper the effects of the most used 

sur- face treatment techniques on a Carbon Fibre 

Reinforced Polymer Composite (CFC) material. 

For this study, the Microwave Atmospheric Pres- 

sure Plasma device PlasmaTact 50W from 

ADTEC Europe LTD was used. The preparation 

techniques that will be discussed are: 

1. Solvent Cleaning 

2. Sanding Treatment 

3. Plasma Treatment 

 

 

 

 

 

 

 

The degree of Bonding Improvement after each 

technique will be studied based on the following 

key indicators: 

1. Contact Angle 

2. Surface Energy 

3. Surface Roughness 

4. Lap Shear Failure Load 

Keywords: Cold Plasma, Atmospheric Pressure 

Plasma, Surface Modification, Aerospace 

Composites, CFC, Microwave Plasma, Lap 

Shear Strength 

 
Figure 1: Figure illustrating the results from 

comparative testing of Contact Angle for differ- 

ent Surface Treatment Techniques. 
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Abstract: 

Moulds are ubiquitous microorganisms capable 

of rapid growth in favourable environments. 

Building materials that are damp or water-

damaged are highly susceptible to mould growth, 

which can have adverse effects on both 

occupants and buildings. The most crucial factors 

that influence mould colonisation are relative 
humidity, temperature, nutrients, the type of 

mould species, and the microstructure of the 

material. Recently, it has been demonstrated that 

a low temperature atmospheric pressure (LTAP) 

plasma can inactivate a wide range of 

microorganisms by generating reactive species 

that are lethal to cells. 

In this study, samples of autoclaved building 

materials (such as autoclaved plasterboard, 

fiberboard and oriented strand board) were 

placed on an agar plate, and artificially inoculated 

with Aspergillus brasiliensis spores. They were 

incubated for 2 – 4 weeks. During various phases 

of mould growth, the samples were exposed to 

plasma generated by diffuse coplanar surface 

barrier discharge in ambient air.  The surface area 

affected by the moulds was evaluated by image 

analysis (Figure 1), which is a fast and 

nondestructive method to detect moulds on the 

samples. Digital images taken at regular intervals 

during the incubation period were analysed using 

various methodologies depending on the type of 

mould and building material. The results indicate 

that LTAP plasma treatment during the 

germination phase inhibited mould growth, and 

plasma treatment during the hyphal phase 

resulted in a noticeable delay in mould growth.  

LTAPP plasma treatment appears to be a 

promising and environmentally friendly method 

for the efficient control of fungal/mould 

pathogens that infect various materials. It offers 

several potential applications in a diverse range 

of industries, including food, agriculture, textile, 

electronics, and medicine (1, 2). 

Keywords: mould growth, low temperature 

atmospheric pressure plasma, mould 

inactivation, building materials, image analysis 

 

Figure 1: Representative image of mould-

covered fibreboard (edges detected using image 

analysis). 
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Abstract: 

The automotive industry has enormous quality 

control tests for the pieces manufactured. With 

the continuous injection process is expected the 

residues agglomeration on the mould’s surface, 

compromising the pieces' dimensions, which will 

fail on the dimensional control tests. To prevent 

this the mould’s surface must be regularly 

cleaned. Laser technology is already used in 

other industries for mould cleaning, for example, 

the use of CO2 laser type to clean injection 

mould’s from the glass and elastomers industries. 

The major challenge for the laser mould’s 

cleaning is when the residues and the mould’s 

surface absorb similar laser irradiation. However, 

with the laser parameters optimization, it's 

possible to increase the selectivity of the laser 

radiation towards the residue ablation, where the 

laser will promote the removal of the residues 

without damaging the mould’s surface. The 

present work, study the implementation of a fiber 

laser to clean the injection moulds. The influence 

of the coating type on the residues’ removal by 

laser radiation was also characterized in this 

study. Different coatings interact differently with 

the residues and with laser irradiation, so is 

necessary to optimize the laser parameters for 

each coating type. The removal of residues on 

different coatings as Diamon like carbon DLC 

and Chromium nitride (CrN), were studies.  

Keywords: Fiber laser, mould cleaning; injection 

moulds, Diamon like carbon; Chromium nitride 

 

Figure 1: Figure illustrating the residue removal 

selectivity through laser irradiation, from an 

injection mould. 
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Abstract: 

The flow of ions in a specific direction is called 

an "ion beam" The following characteristics are 

used to describe the parameters of an ion beam: 

direction of travel (average velocity vector), the 

current density of the beam, the energy of the 

ions, and the distribution function of ions 

concerning energy, perveance of the beam, and 

the degree of beam ion charge compensation 

[1]. The ion beam has wide applications in the 

industry; Ion engines, systems to activate media 

and surfaces, pulverizing surfaces to obtain thin 

films, form nanometer-scale surface structures, 

and surface diagnostic systems [2,3]. Of all the 

possible applications, we focus on a beam 

focused on a small point. The system is called 

FIB (focusing ion beam). As the beam is a 

directed movement of charged particles, the path 

of the ions in the beam can be controlled with an 

external electric or magnetic field or their 

combination [4-6]. Up to now, electrostatic or 

magnetic lenses have mainly been used to focus 

the beam. It is evident that the focus of the ion 

beam in these lenses is limited by the maximum 

value of perveance (space charge) and is 

affected by the Coulomb repulsion of charged 

particles at high densities [6]. In this work, the 

performance of plasma lenses by analytical and 

computational methods, using the computational 

model that matches the 

analytical results guarantees, finding optimal 

values for the focusing of ion beams, with 

energy in the range of 400 eV-1000 eV, with 

focal lengths of 10cm, it is possible to focus an 

ion beam by applying the potential less than 

1000V(Fig.1). The work developed allows the 

use of this computational model for future 
research. 

Keywords: ion beam, plasma lenses, focus. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Model of the trajectory of some ions, 

subjected under a virtual electrode that focuses 

it. 
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Abstract: 

We present persistent luminescent material 

SrAl2O4: Eu, Dy ceramic synthesis by 

PROMES-CNRS solar facilities, where a very 

high flux solar furnaces, capable of producing 

very high temperatures (over 3000°C) locally 

were used to create plasma on the surface of a 

before-prepared material pellet. Two kinds of 

samples of persistent strontium aluminate 

phosphor are compared – ones synthesised in the 

solar furnace and ones via conventional solid 
state synthesis. The optical and structural 

properties and phase composition of the obtained 

samples have been compared. The behaviour of 

afterglow, thermally stimulated luminescence, 

excitation and emission spectra are 

presented.with potential optical applications. It is 

shown that this method of synthesis yields 

improved optical properties if compared to the 

conventionally synthesized material – prolonged 

afterglow, more intensive emission. 

Keywords: solar furnace, plasma-assisted 

synthesis, persistent luminescence 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 1: Plasma on the surface of the pellet 

undergoing the synthesis process 
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Abstract: 

Vanadium sesquioxide (V2O3) is a transition 

metal oxide that undergoes a structural phase 

transition at ~150 K from a low temperature 

isulating phase to a high temperature metallic 

phase. The temperature at which the transition 

occurs and its magnitude depend strongly on the 

fabrication conditions, including the sputtering 

power, oxygen partial pressure, substrate 

temperature as well as the choice of substrate. 

Through careful tuning of these parameters and 
substrate selection highly crystalline and 

atomically flat films can be obtained with a 

strong metal insulator transition [1, 2]. Several 

recent works have investigated the use of V2O3  

in hybrid heterostructures, including with 

magnetic layers. In these cases the transition 

occuring in the material changes the properties of 

the magnetic material, e.g. creating a coercivity 

enhancement or inducing an exchange bias [4].    

An interesting aspect of V2O3 film growth on c- 

plane sapphire is the formation of a fully strained 

interface layer with in-plane lattice parameters 

matching the substrate and extending up to 4 nm 

into the film. Above this, the film relaxes and the 

V2O3 settles into lattice parameters 

corresponding more closely to bulk values [3]. 

These results illustrate how the substrate 

selection affects the formation of the film and its 

structural, and therefore metal-insulator 

transition, properties.  

To investigate the role of the substrate on the 

crystallographic nature of the films we performed 

a structural investigation of V2O3 films deposited 

at 600°C using reactive dc-magnetron sputtering 

on sapphire substrates with different surface 
orientations and annealed at different 

temperatures in air before deposition. The results 

reveal that the substrate surface treatment 

through annealing affects the crystallographic 

properties of the films strongly creating yet 

another means of controlling the structural phase 

transition in the metal and its effect on overlying 

materials in hybrid heterostructures.  

Keywords: V2O3, x-ray diffraction, 

crystallography, phase transitions, thermal 

annealing, thin films, atomic force microscopy, 

interface quality. 

 

Figure 1: Comparison of x-ray diffraction data 

recorded for ~47 nm thick V2O3 films deposited 

at 600°C on annealed and not-annealed a-plane 

sapphire substrates. A preference for a-plane 

orientation is observed for the film grown on the 

not-annealed substrate (peak at ~36.3°) while a 

preference for c-plane orientation (peak at 

~38.7°) is observed for the annealed substrate.  
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Abstract: 

Iron sulfide mining generates a highly acidic and 

oxidizing leachate, with a high concentration of 

sulfates, dissolved metals and the presence of 

microorganisms, called acid mine drainage 

(AMD). In the Iberian Pyritic Belt (FPI, 

southwest Spain), this problem is aggravated by 

the more than 4,800 ha. occupied by mining 
waste and facilities scattered throughout the area 

without preventive or corrective measures for 

pollution. Among the usual materials used in 

mechanisms and structures, steel has been the 

most widely used due to its versatility and 

adaptation to all types of buildings and 

machinery, and less frequently stainless steel and 

aluminum. Metallic materials and structural 

concretes suffer degradation processes that are 

strongly accelerated in aggressive acid and saline 

environments with negative consequences for 

their integrity and durability.  

The activity of extremophilic microorganisms 

(e.g. bacteria of the Acidithiobacillus 

ferrooxidans type) in AMD environments 

considerably increases the degradation rate of 

these materials. A major problem for mining 

companies exploiting polymetallic sulfides is the 

corrosion they suffer due to the very low pH of 

water, machinery, tools and installations, 

especially in the mineralurgical plants built with 

the different types of steels and aluminum 

required to meet the inherent needs of the project 

in the exploitation phases and in the mechanical 

treatment of the minerals. On the other hand, to 
control the AMD generated, concrete and steel 

structures are used as basic materials for the 

construction of acid water and leachate collection 

ponds. Likewise, for the lining and fortification 

of slopes, in both indoor and outdoor mining, the 

use of shotcrete, which is highly affected by 

contact with acidic waters, is increasingly 

common. Concrete is also present in the 

bedplates of fixed machinery, as well as in the 

buildings of the mining operations themselves.  

The main objective of this work is to study the 

effect of acid mine water on the concrete/AMD 

and metal/AMD interfaces, to determine the 

oxidation rates and to evaluate the degradation 

potential of the microorganisms present in acid 

mine leachates. For this purpose, the chemical 

and mineralogical characteristics of the elements 

resulting from the alteration of mass concrete and 

carbon steel plates in a medium contaminated by 

DAM in the absence and presence of 

microorganisms have been studied.  

It is observed that the corrosion rate increases in 

an acid medium but is much higher in a medium 

with high Fe(III) concentration. Studies using 

JEOL JSM-IT500HR Field Emission Scanning 

Electron Microscope coupled with Oxford X-

Max 150 Energy Dispersive System (FESEM-

EDS) show microorganisms with the appearance 

of fungal hyphae (Figure 1), also abundant in 

heavy metal contaminated media (Brett, et al., 

2004; Ezzouhri et al., 2009; Böhmer et al., 2020), 

and they seem to grow occupying or creating 

cracks, thus aiding the disintegration of the 

concrete. These microorganisms are yet to be 

characterized, however it is known how some 

fungi secrete organic acids releasing potassium, 

calcium and magnesium ions from the mineral, 

simultaneously excavating the tunnel and 

releasing these elements for absorption. With 

respect to carbon steel, large craters produced by 

pitting corrosion are observed (Figure 2), only 

present in steel in contact with water with high 

Fe(III) concentrations. In addition, inside the 

holes present, colonies of bacteria of the genus 

bacillus are observed (Figure 2), very abundant 

in acid mine drainage such as acidithiobacillus 
ferrooxidans (Schrenk, et al., 1998).  

It is therefore important to evaluate the power of 
extremophile microorganisms, very abundant in 

mining environments, on the degradation of these 

materials. 
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Figure 1: Field Emission Scanning Electron 

Microscope photo showing microorganisms 
between cracks in mass concrete affected by acid 

mine drainage. 

 

Figure 2: Field Emission Scanning Electron 

Microscope photo showing photo showing 

pitting corrosion on carbon steel affected by acid 

mine drainage, and bacterial community inside 

the holes. 

Keywords: concrete degradation, steel 

corrosion, acid mine drainage, Scanning Electron 

Microscope, corrosion rate. 
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Abstract: 

Acid mine drainage problem is widespread 

throughout the world, fundamentally affecting 

pyrites and coal exploitations. In generating 

structures (such as pits or tailings) highly acid 

effluents are produced with high heavy metal 

and sulfate content. 

Despite the fact that there is a large number of 

scientific publications that have addressed this 

problem, there are not many works that have 

analysed how this highly aggressive and 

polluting medium affects structural materials 

such as steel and concrete. Some precedents 

have studied the behavior of concrete in an acid 

environment, analysing how it affects the 

compressive strength of concrete (Davila et al, 

2021; Pater et al, 2017), but there are no known 

studies on the tensile strength of this material. 

Although it is clear that the main mechanical 

parameter of concrete is its compressive 

strength, it should not be forgotten that in some 

structural elements subjected to shear, pucncture 

or torsion, the tensile strength of the concrete is 

taken into account when determining the 

required reinforcement section. Therefore, we 

understand that it is important to study how this 

type of aggressive media affects tensile strength. 

To carry out this research, several samples of 

mass concrete have been subjected to acid water 

extracted from the Aguas Agrias Stream, located 

in the Iberian Pyrite Belt. This water had an 

initial pH value of 2.8 and a sulphate content 

that reached 13301 mg/L, also knowing other 

physical-chemical parameters from previous 

studies. With these values, the aggressive 

environment corresponds to the maximum 

defined in the current regulations (Structural 

Code, 2021). 

To determine the concrete tensile strength, the 

specimens were subjected to destructive tensile 

tests until failure was reached. 

The samples were grouped into two series that 

were exposed for 3 months, the first one, and the 

second one until completing 6 months, reaching 

a reduction in tensile strength of 24% for this 

last period of time. This is due to the loss of the 

cement mass in the external zone of the 

concrete. 

Keywords: concrete degradation, tensile 

strength, acid mine drainage, sulphates, gypsum. 

 

Figure 1: Concrete tensile strength results 

determined by destructive tests. 

References: 

1. Davila J.M., Sarmiento A.M., Fortes J.C., 

Santisteban M., Leiva M., Cordoba F., 

Cabello J.E.,  Grande J.A., (2021). 

Determination of the extreme reduction of 

concrete strength due to acid mine drainage 

by laboratory tests on specimens located in 

a real environment. Construction and 

Bulding Materials 269, 1-10, 

https://doi.org/10.1016/j.conbuildmat.2020.

121817 

2. Patel V., Shah N. 2017. Durability Study of 

M70 Grade Structural Concrete. Iranian 

Journal of Science and Technology, 

Transactions of Civil Engineering, 41, 241-

248, https://doi.org/10.1007/s40996-016-

0046-8 

3. Código Estructural 2021. BOE núm. 190, 

de 10 de agosto de 2021. Ministerio de la 

Presidencia, Relaciones con las Cortes y 

Memoria Democrática. España. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 166



Development of Transparent, Scratch Resistant, and Hydrophobic 

Coatings for Aerospace Transparencies 
 

A. Kuban 1,2,3*, Y. Okumus 2,3, N. Erdogan 2,3, B. Baytekin 3,4, H. Y. Ersan 1 

1 Chemical Engineering Department, Hacettepe University, Ankara, Turkey 
2 Functional Coatings & Transparencies Technology Center, Turkish Aerospace, Ankara, Turkey 

3 National Nanotechnology Research Center (UNAM), Bilkent University, Ankara, Turkey 
4 Chemistry Department, Bilkent University, Ankara, Turkey 

 

Abstract: 

Polycarbonate is a material widely utilized in 

aviation applications, particularly for 

windshields and canopies. However, it has low 

scratch resistance, which hampers the long-time 

use of the material. Here we show a coating 

method to increase the scratch resistance of 

polycarbonate used in aerospace applications. 
The method aims to retain the high optical 

transmittance of the material1, which is an 

indispensable requirement of the applications. 

Transparent organic-inorganic siloxane coatings 

stand out as a solution to improve the scratch 

resistance of polycarbonate. These coatings are a 

combination of organic and inorganic 

compounds that form a strong and durable film 

on the surface of the polycarbonate sheet2. The 

addition of nanoparticles can further increase the 

scratch resistance3. 

In this study, the coating solution was prepared 

with different ratios between tetraethoxysilane 

(TEOS) and 3-glycidoxypropyl trimethoxysilane 

(GPTMS), and coated on polycarbonate sheets 

with spin coating. Also, AminoPOSS particles 

were used as a filler that reinforced the coating 

and increased its scratch resistance. Furthermore, 

the ring-opening reaction between epoxy groups 

in the siloxane matrix and amino groups on POSS 

formed a three-dimensional crosslinked network 

that improves the hardness, toughness, and 

scratch resistance. The pencil hardness value of 

polycarbonate was increased from HB to 4H 

through the implementation of organic/inorganic 

siloxane coatings. Due to C12 functional groups 

of the AminoPOSS, the contact angle of the 

coatings increased from 65.7° to 117°. The 

samples were still transparent after coating, the 

optical transmittance loss of the coated samples 

were lower than 1% at 400nm – 700nm range. 

The result of this study can be used to develop 

transparent and scratch-resistant coatings for the 

automotive, aerospace, and electronics 

industries. 

 

Keywords: scratch-resistance, siloxane, 

transparent, hydrophobic, sol-gel coating, 

polycarbonate. 

 

Figure 1: Representation of the epoxy–amine 

ring-opening reaction to obtain siloxane network 

(top) Transparent organic-inorganic siloxane 

coatings on polycarbonate sheet (bottom). 

References: 

1. Hwang, D. K., Moon, J. H., Shul, Y. G., 

Jung, K. T., Kim, D. H., & Lee, D. W. 

(2003). Scratch resistant and transparent 

UV-protective coating on polycarbonate. 

Journal of Sol-Gel Science and Technology, 

26(1-3), 783-787.  

2. Sanchez, C., Julián, B., Belleville, P., & 

Popall, M. (2005). Applications of hybrid 

organic–inorganic nanocomposites. Journal 

of Materials Chemistry, 15(35-36), 3559-

3592. 

3. Li, Y., Zhang, L., & Li, C. (2020). Highly 

transparent and scratch resistant 

polysiloxane coatings containing silica 

nanoparticles. Journal of colloid and 

interface science, 559, 273-281. 

Acknowledgement: 

This work was partially supported by Scientific 

and Technological Research Council of Turkey 

(TUBITAK) under contract numbers of 5189901 

and 20AG001. The authors are thankful for the 

collaboration between Turkish Aerospace and 

Bilkent University – UNAM. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 167



Effect of curring methods on the abrasive and corrosion wear  

resistance of organic coating systems 
 

I. Stojanović , I. Juraga , M. Kurtela ,  M. Logar , I. Fatović 

Faculty of Mechanical Engineering and Naval Architecture, University of Zagreb, Zagreb, Croatia 
 

Abstract: 

Nowadays, corrosive destruction of metal 

machine parts occurs easily, due to increased 

corrosiveness of the environment as a 

consequence of increased pollution of water, soil 

and air. Organic coatings are often used to protect 

the surface from harsh external factors. Except 

for the purpose of improving corrosion resistance 

of metal parts, coatings are used for aesthetic 

purposes, reduction of mechanical wear, such as 

due to abrasion and erosion, etc. In order for the 
coatings not to wear out too quickly, they must 

be durable. Coating systems based on epoxy and 

polyurethane are often used, because they create 

durable, high-quality surfaces that are resistant to 

wear and tear. With the aim of reducing negative 

impact on the environment and drying time, IR 

(infrared) technology can be used for drying the 

coatings. In order to simulate the effects of 

atmospheric corrosion on metal machine parts, 

testing chambers, such as humidity chamber 

(simulates an atmosphere of warm air saturated 

with moisture in the presence of condensed 

water) and salt spray chamber (simulates a 

marine atmosphere using dispersed droplets of 

NaCl solution) are used. 

In this paper, solvent-borne 3-layer coating 

systems from different manufacturers, with and 

without Zinc in the primer, dried by catalytic IR 

technology and under atmospheric conditions 

were studied. Abrasion, hardness and adhesion 

tests were performed. Anticorrosion performance 

of the coatings was characterized using a 

humidity chamber. The results show that IR-

dried coating systems display higher abrasion 

resistance. The accelerated corrosion test in 

humidity chamber showed better or equal 

properties of IR-dried coatings compared to 

atmospherically dried ones, while reducing 

drying time considerably. 

Keywords: coating systems, abrasion, coating 

hardness, coating resistance, IR drying 

 

Figure 1: Samples after abrasion test  
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Abstract: 

Polycarbonate is widely used in aerospace 

applications, especially canopies and 

windshields. However, due to the low scratch 

resistance of polycarbonate, coatings with 

improved scratch resistance and high optical 

permeability are needed to be applied to the 

surface 1. 

The mechanical, electrical and thermal properties 

of polyurethane-based coatings, which are 
frequently used on polycarbonate surfaces, can 

be improved with the minimum loss of optical 

transmission by inorganic nanoparticles 2. The 

presence of functional groups on the surface of 

the reinforced nanoparticles improves the 

distribution in the matrix material and contributes 

to the scratch resistance by acting as crosslink 

points 3-4. 

In this study, polyester based polyurethane 

dispersion (PUD) was used as resin and 

isocyanate was used as cross-linker. Untreated 

and surface modified boron nitride nanolayers 

and nano silica powders were dispersed in 

polyurethane dispersion at different rates and 

coating on polycarbonate surfaces by flow 

coating process. The effects on friction strength, 

thermal strength and optical transmittance were 

investigated. 

Keywords: Polyurethane coatings, nano silica 

particles, friction strength 

 

Figure 1: Schematic view of the study. 
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Abstract: 

Graphene have attracted much attention in recent 

years due to potential technological applications 

at the nanoscale, including their use as surface 

coating and solid lubricants at the nanoscale [1]. 

Due to its hydrophobic nature, when exposed in 

air, graphene surfaces are subject to airborne 

contamination, mainly by hydrocarbons [2]. In 
this work, nanoscale friction forces between an 

atomic force microscope tip and graphene were 

measured. Hydrocarbon contamination form 

different friction domains on the graphene 

surface without altering its topography. These are 

formed initially at the edges of the sample surface 

and at defects. As the tip slides through such 

domains, the friction is increased in relation to 

pristine graphene. By mapping the time evolution 

of friction, the contaminants adsorption rate was 

determined (Figure 1). Adorption begins at the 

monolayer and once its fully covered, it spreads 

to the subsequent layers. Different kinetics for 

mono and bilayer were observed, as the latter has 

a rate of contamination one order of magnitude 

slower than the first. Furthermore, contaminants 

alter the contact mechanics and elastic 

deformations of the graphene sheets induced by 

the tip are suppressed by the presence of 

adsorbates. Thus, the dependence of friction with 

the number of layers, mainly governed by out-of-

plane elastic deformation, is affected by the 

presence of contaminants on the surfaces [3]. 

Keywords: graphene, nanoscale friction, 

airborne contamination, molecular adsorption, 

atomic force microscopy 

 

Figure 1: Time evolution of contaminated areas. 

(a) Friction image showing fresh and 

contaminated areas in monolayer and bilayer. (b) 

Total surface area covered by adsorbent 

molecules on a monolayer and a bilayer 

graphene as a function of time of air exposure. In 

(c-f) illustration of contamination taking over the 

graphene surface at different times of exposure. 
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Abstract: 

Steel and copper fibres are common ingredients 

in brake friction materials, responsible for 

improving their mechanical, thermal and 

tribological properties. Due to the toxicity of 

copper, there is a global trend to replace copper 

fibres with copper-free ingredients in order to 

reduce emissions of copper contained in airborne 

wear particles. The influence of the steel and 

copper fibres amount in a train brake friction 
material in contact with steel on emission 

intensity and iron and copper content in emitted 

airborne wear particles was investigated using 

pin-on-disc tribometer. The friction pair was 

placed inside a clean chamber under controlled 

friction and environmental conditions. The 

addition of steel fibre to the friction material 

results in a more intensive emission of wear 

particles, comparing to similar amount of copper 

fibre. Another finding is that the wear of the steel 

disc sample is the main source of iron in the 

emitted 1–10 µm wear particles. The addition of 

steel and copper fibres into the friction materials 

leads to an increase of the pin and disc sample 

wear. 

Keywords: train brake material, copper fibre, 

steel fibre, wear particle emission. 
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Abstract: 

For the sake of minimizing the negative 

environmental impact provoked by traditional 

lubricating greases, oleogels based on elm pulp 

cellulose nanofibers suspended in castor oil were 

prepared and characterized. Small nanofiber 

concentrations, always lower than 2.8 wt.%, were 

considered. Bleached and unbleached samples of 

the same elm kraft pulp were used in order to 

analyze the effect of bleaching on the oleogels’ 
thermo-rheological and tribological behavior. 

Moreover, with the aim to look into the influence 

of the nanofibrillation pretreatment, two samples 

of the same bleached pulp were subjected to 

either mechanical PFI refining or chemical 

TEMPO-mediated oxidation. Specific treatments 

of each pulp/nanofiber are summarized in Table 

1. Unlike conventional lubricating greases, for 

which the so-called plateau modulus, GN
0, 

undergoes a dramatic decay upon the grease’s 

pour-point is surpassed [1], no evidence of such 

a phenomenon was identified up to 180 ºC in our 

oleogels. At a nanofiber concentration of 1.4 

wt.%, the oleogel made up with the unbleached 

nanofibers was shown to perform better under 

large shear deformations. Thus, when subjected 

to a non-linear stress value of 100 Pa for 30 

minutes, its complex shear modulus only 

decreased by 13.3 %, as compared to the 

dramatic decays found for the bleached-PFI and 

bleached-TEMPO oleogels, 41.4 % and 95.8 % , 

respectively (Figure 1). With regard to their 

tribological behavior, Stribeck curves were 

determined at normal loads within 10-40 N, at 

room temperature. The friction curves were 

remarkably affected by both nanofiber 

type/concentration and applied normal load. At 

the highest normal loads, improved lubrication 

performance on the mixed friction region, with 

the base oil as reference, was appreciated using 

the bleached nanocelluloses at the lowest 

concentration, i.e., 0.7 wt.%. In addition, the 

oleogel containing 0.7 wt.% of the most shear-

sensitive nanofiber, i.e., bleached-TEMPO 

nanocellulose, yielded a noticeable reduction in 

the friction coefficient values as the sliding 

velocity was increased. 

Keywords: cellulose, nanofiber, castor oil, 

sustainability, rheology, tribology, oleogel, 

grease, lubricant. 

Table 1: Pulp and nanofibers treatments   
Sample name Pulp 

bleaching 

Fibrillation 

pretreatment 

Unbleached Yes PFI 

Bleached-PFI No PFI 

Bleached-
TEMPO 

Yes TEMPO 

 

 

Figure 2: Time evolution of the 1.4 wt.% 

oleogels’ complex shear modulus, |G*|, at 1 Hz 

and 25 ºC, when subjected to a stress program of 

10-100-10 Pa. 
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Abstract: 

New challenges in the 21st century focus on 

reducing greenhouse gases and fossil fuels 

consumption, adapting industrial processes, and 

mobility towards renewable energy sources, 

thereby minimizing the carbon dioxide footprint. 

Green Tribology, a crucial area within Tribology, 

plays a significant role in these new objectives in 

relation to new bio-lubricants, coatings, or 

materials, among others [1]. The developments 

of green tribology involve reducing the losses of 

energy due to friction by up to 18% and 40% in 

the next 8 and 15 years [2]. 

Demand has increased for more efficient 

lubricants with low environmental impact and 

toxicity. Ionic liquids (IL) have demonstrated 

great potential in lubrication, both as neat 

lubricants and as additives [3].  A recent advance 

in the search for new lubricants involves Deep 

Eutectic Solvents (DES), which share certain 

unique properties of IL [4]. 

Deep Eutectic Solvents (DES) consist of a 

mixture of organic compounds and can be 

considered a category of IL with growing 

importance [5]. DES are a liquid mixture of 

binary ion pairs with no neutral solvent [6]. DES 

have properties similar to those of IL but are 

cheaper to produce, less toxic, and often 

biodegradable and have physical properties 

which would make them useful as lubricants. 
DES are obtained by mixing a hydrogen bond-

acceptor salt (HBA) with hydrogen bond donor 

species (HBD). 

Herein, we show the tribological properties of 

several glycol-based DES using cholin acetate as 

a hydrogen bond-acceptor salt (HBA), in 

comparison with neat glycols. 

We found that friction coefficients and wear rates 

in a ceramic-steel contact improved when DES 
was used as the lubricant under a pin-on-disc 

configuration, as compared with neat glycols (see 

Figure 1). 

Techniques such as contact angular analysis, 

Raman spectroscopy, or microscopy were used to 

evaluate the friction and wear mechanism present 

in the tribological contact. 

 

 

 

Figure 1. Wear Rate and COF of  neat glycols 

Ethylene Glycol (EG) and Glycerol (G), and DES 

using Cholin Acetate (Ch) at =1:1 and 1:2. 

Keywords: DES, green tribology, glycols, 

lubrication 
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An approach on the potential application of a smart nanoclay-based 
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Abstract: 

Lubricating oils play a vital role when a reduction 

in friction and wear is needed. In specific 

applications and under certain operating 

conditions, oils might not be sufficiently viscous, 

so their use might not be a suited option. 

Formulating lubricating oils with larger 
hydrocarbon molecules is not the most 

environmentally friendly option.  The increasing 

use of lubricants worldwide and their 

uncontrolled disposal into the environment upon 

their utilization have motivated the replacement 

of the petroleum-derived feedstocks with more 

sustainable and non-toxic products such as 

vegetable oils [1]. However, vegetable oil-based 

lubricants still show serious technical limitations. 

Achieving in-situ control of friction is becoming 

a current challenge in the field of tribology. Even 

so, only few studies have explored the potential 

interest of the so-called “electro-viscous” effect 

in relation with the development of electro-

sensitive lubricants [2].  

On this basis, homogeneous and storage stable 

electro-rheological (ER) suspensions of the 

organomodified clay Montmorillonite Cloisite 

15A in castor oil were prepared and analyzed. 

The main objective of the present research was to 

study the feasibility of using nanoclay-based 

ecofriendly lubricants in order to promote an 

electro-active control of the friction behavior in 

ball bearings under electric potential. 

A NTN 51104 thrust ball bearing (20x35x10 

mm), previously customized according to  a 

electrified prototype described in the patent US 

2010/0247012 [3], was used. 

 

Figure 1: Schematic of an electrified ball bearing 

device. 

Keywords: nanoclay, biolubricant, 

sustainability, electrorheology, electrotribology, 

ball bearing. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Electro-active control of the friction 

coefficient (FC) with voltage (0, 500 and 1000 

V) for a Cloisite 15A nanoclay concentration of 

2 wt.% in an electrified ball bearing apparatus 

coupled to a MCR501 rheometer (Anton Paar), 

at room temperature, 5 N and 500 rpm. 

As shown in Figure 2, it was feasible to develop 

the electro-active control of the internal friction 

behavior in the lubricant film. The friction 

coefficient increased by 9.5 % when the tension 

was raised from 0 V to 1000 V. This outcome 

was attributed to the above mentioned electro-

viscous effect under an electric field.  
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Woven fabric abrasion resistance conditioned by weave,  

weft density and raw material composition 
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Abstract: 

The woven fabric abrasion resistance is a 

property conditioned by its structural and 

constructional characteristics, raw materials and 

finishing processes. The surface of the fabric is 

defined by numerous parameters (such as weave, 

thickness, mass, thread density, yarn parameters 

and crimp), which directly affect the abrasion 

resistance properties. Fabric abrasion occurs 

during material use, as a result of the material 

rubbing against another surface. This 
phenomenon causes the degradation of the 

material in the form of the gradual removal of 

fibres from the yarn, which ultimately leads to a 

decrease in fabric strength, as well as aesthetic 

appearance and functionality. 

In order to investigate the influence of weave, 

thread density and the proportion of individual 

components of the raw material composition on 

the fabric abrasion resistance property, fabric 

samples were produced in 2 different weaves 

(plain and twill) and with two different weft 

thread densities (21 and 24 threads/cm). The 

fabrics were woven with warp thread 50/50% 

Polyamide 6.6/Cotton, fineness 30.8 tex, and the 

weft threads, fineness 33.3 tex, with different 

proportions of individual components of the raw 

material composition 30/35/35% PA 6.6/Lenzing 

FR/M-Aramid and 22/38/40% PA 6.6/Lenzing 

FR/M-Aramid. The abrasion resistance was 

tested on a Martindale according to the standard 

HRN EN ISO 12947-2: 2017, at a nominal 

pressure of 12 kPa.  

The influence of weave on fabric abrasion 

properties is conditioned by different loads in the 

abrasion process itself. In twill weaves (where 

larger thread floating are present) during the 

abrasion process, the threads migrate within the 

surface and thread-to-thread abrasion occurs 

(intro-yarn load). Furthermore, the higher the 

fabric density, the more compact the structure, 

which results in less thread migration and higher 

abrasion resistance. Concerning the raw material 

composition, increasing the proportion of aramid 

fibre on the fabric surface reduces its abrasion 

resistance (due to the lower abrasion resistance of 

aramid yarns). On the contrary, fabric woven in 

plain weave (due to maximum thread interlacing 

and minimal floating), has a more compact 

structure, and threads do not have much freedom 

for migration, therefore abrasion, i.e. the load of 

the surface of the abrasive fabric occurs on the 

sample fabric surface. 

Keywords: abrasion resistance, weave, weft 

density, raw material composition. 

 

Figure 1: Woven fabric abrasion resistance 

conditioned by weave, weft density and raw 

material composition  
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Triboelectric Activation of Wood Surfaces by means of Wood 

Disintegration Processes 
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Abstract: 

Wood is one of the most important natural 

resources that is renewable and widely 

industrially used. The disintegration of wood by 

sawing, cutting, chipping, shredding or 

defibration is one of the most important process 

steps in the wood industry. During all 

disintegration processes friction occurs between 

the processing tool and solid wood, or any other 

wood-based material. This friction is causing 
surfaces to become electrically charged. 

Charging of wood surfaces is a phenomenon that 

has received little attention so far, and related 

research in this field is almost entirely lacking. 

Wood is an electrically semi-conductive 

material. Its electrical conductivity is influenced 

by the wood moisture, the wood density, and the 

overall anatomical structure. In this research the 

extent of triboelectric activation of wood surfaces 

was investigated by using a wood brushing 

machine. The electrical surface field strengths 

were continuously detected using a self-designed 

experimental setup (Figure 1). To understand the 

conducted surface treatment effects, two wood 

species, i.e. beech and poplar, were measured: (1) 

after densification, (2) after steaming, (3) after 

heat treatment at 120° and 180°C, respectively, 

and (4) also on untreated control samples. 

Overall, it is shown that wooden surfaces can be 

electrically charged and that the introduced 

charges are significantly influenced by the 

applied settings. Preliminary data showed that 

densification of the samples did lead to an 

increased electric surface field strengths. 

Tailoring surface charges can be an asset for new 

technical applications, such as chemistry-free 

primer treatments prior to wood coating. 

Keywords: electrical field strength, 

triboelectricity, wood machining, wood 

processing, wood surface 

 

Figure 1: Experimental setup to continuously 

measure electrical surface field strength of wood 

samples due to surface brushing. The wood 

specimen (brown) was tribo-activated by using a 

brush (purple), rotating at 1400 rpm. Followed 

by an air pressure system (orange) to blow-off 

wood dust, and a photo sensor (pink) that 

included the triboelectric detection unit (blue) 

and an electrical surface field strength meter 

(green). 
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Abstract: 

The demand for antimicrobial textiles is rapidly 

growing particularly in medical sector. In an 

effort to develop a simple and efficient 

antimicrobial treatment for cotton, layer-by-

layer deposition of chitosan and magnesium 

lignosulfonate, followed by in situ synthesis of 

silver (Ag) nanoparticles, was accomplished. 

Lignin is exploited as a natural reducing and 

stabilizing agent1,2, producing Ag nanoparticles 

in amounts even larger than those obtained with 

sodium borohydride as a strong reducing agent. 

The influence of the number of bilayers (4 and 

12) and initial concentration of AgNO3 solution 

(10 and 20 mM) on antimicrobial activity of 

cotton fabric against Gram-negative bacteria E. 

coli, Gram-positive bacteria S. aureus, and C. 
albicans, yeast was examined. The presence of 

evenly scattered Ag nanoparticles all over the 

fiber surface is confirmed by FESEM analysis 

(Figure 1). The number of bilayers does not 

affect the size of nanoparticles (~56 nm), but an 

increase of bilayers results in greater Ag 

content. The samples treated with 20 mM 

AgNO3 solution contain more Ag than those 

treated with 10 mM solution. The formation of 

metallic Ag nanoparticles is confirmed by XPS 

analysis. 

Synthesized Ag nanoparticles provide excellent 

antibacterial activity against bacteria S. aureus 
(99.9 %), independent of the initial 

concentration of AgNO3 and number of bilayers. 

Larger content of Ag nanoparticles i.e., higher 

initial concentration of AgNO3 solution leads to 

considerably enhanced antibacterial activity 

against E. coli. A similar trend is evident with 

the C. albicans yeast, but the desired yeast 

reduction of 99 % was not obtained. 

Keywords: layer-by-layer assembly, Ag 

nanoparticles, chitosan, lignosulfonate, cotton, 

antimicrobial activity.  

 

Figure 1: FESEM image of cotton fiber surface 

nanocoated with 12 chitosan/ligninsulfonate 

bilayers and Ag nanoparticles synthesized from 

10 mM AgNO3 solution. 
 

Acknowledgement 

The authors would like to thank the NATO 

Science for Peace and Security (SPS) program 

for their funding through the G5905 

(MULProTex) project. 

References: 

1. Li, Y., Yang, D., Li, P., Li, Y. (2022) 

Lignin as a multifunctional-agent for the 

synthesis of Ag nanoparticles and its 

application in antibacterial coatings, J. 
Mater. Res. Technol., 17, 3211-3220.  

2. Shen, Z., Luo, Y., Wang, Q., Wang, X., 

Sun, R. (2014) High-value of lignin to 

synthesize Ag nanoparticles with detection 

capacity for Hg2+, ACS Appl. Mater. 

Interface., 6, 16147. 

SICT 2023 / Plasma Tech 2023 / Tribology 2023 Joint Conferences Book of Abstracts Page: 177



Carbon-based coatings on ureteral stents to prevent urinary infections 
 

S. Cruz1,2,*, D.Santo1, P. Pereira1,2, D. Calheiros3,4, L. Rodrigues3,4, T. Gonçalves3,4, A. Cavaleiro1,2, S. 

Carvalho1,2 

 
1 Laboratory of Tests, Wear and Materials, IPN, LED & MAT—Instituto Pedro Nunes, Rua Pedro 

Nunes, 3030-199 Coimbra, Portugal  
2 CEMMPRE Mechanical Engineering Department, University of Coimbra, 3030-788 Coimbra, 

Portugal 
3CNC-Center for Neuroscience and Cell Biology, University of Coimbra, Rua Larga, 3004-504 

Coimbra, Portugal 
4FMUC-Faculty of Medicine, University of Coimbra, Rua Larga, 3004-504 Coimbra, Portugal 

*sandracruz@ipn.pt 
 

Abstract: 

Ureteral stents are among the most often 

implanted medical devices used to treat benign 

and malignant urological disorders. Yet, the 

existing ureteral stents in clinical usage have 

certain drawbacks, including the pain and 

discomfort associated with their invasive 

administration and the increased risk of urinary 

tract infection1. Given the significant impact on 

patient quality of life and healthcare expenses, 

innovative strategies to enhance stent efficacy are 

urgently needed. Many attempts have been 

undertaken to coat stents with antibiotics, 

hydrogels, or biodegradable polymers to avoid 

stent-associated urinary tract infection and 

encrustation2. Sputter-deposited diamond-like 

carbon (DLC) coatings (Figure 1) have numerous 

important features, including low coefficient of 

friction, corrosion resistance, chemical inertness, 

and biological compatibility3. 

Silver (Ag) was chosen as a dopant to DLC due 

to its broad range of antibacterial action and low 

prevalence of bacterial resistance. Ag clusters 

were effectively integrated into an a:C matrix and 

coated on TPU substrates, exhibiting significant 

antibacterial activity governed by silver 

ionisation processes and a superior 

biocompatible profile. The working conditions of 
the coated stent may have an impact on its 

performance. We show how urine affects the 

deterioration and mechanical qualities of a coated 

stent in this research. This study was carried out 

over time, simulating physiological conditions. 

Keywords: AgDLC thin films, Physical Vapor 

Deposition, Ureteral Stents, sputtering, doped-

DLC/Ag films, antimicrobial, cytotoxicity. 

 

Figure 1: Illustration of the sputtering process 

used to modify the surface of the stents to give 

them antimicrobial properties. 
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Abstract: 

Indoor mould growth is an increasingly common 

problem that has adverse effects on both 

occupants and building materials. The 

Aspergillus species consists of several hundred 

species found in different climates, causing 

diseases in humans including human asthma, ear 

and nose infections, and invasive pulmonary 
aspergillosis, especially in immunosuppressed 

individuals. Aspergillus brasiliensis is a member 

of Aspergillus section Nigri (i.e. black 

Aspergillus), the mould species that produce 

enormous amounts of melanin pigmented spores 

within short time periods and are present in the 

air and indoor environment. Melanin supports 

resistance to a range of environmental stressors 

(e.g. UV irradiation) and contributes to the 

survival of mould. The aim of this study was to 

present a new environmentally friendly method 

(non-thermal atmospheric pressure plasma 

treatment) for the  inactivation of moulds which 

should lead to a reduction in the risk of airborne 

infections and the improvement of indoor 

environments contaminated with mould spores. 

Non-thermal plasma generated by a diffusion 

coplanar surface barrier discharge was used to 

treat culture medium surfaces inoculated with 

different concentrations of spores and with 

different stages of micromycete development. 

The surface coverage of the mould was assessed 

by image analysis. The experimental data were 

compared with the numerical simulations. The 

growth of Aspergillus sp. hyphae and mycelia 

exposed to non-thermal atmospheric pressure 

plasma was reduced or arrested compared to 

mycelial formation in untreated samples. 

Treatment with non-thermal plasma induced a 

colour change in colonies of A. brasiliensis, 

which changed from their original black colour 

to brown (Figure 1). This study demonstrated that 

non-thermal atmospheric pressure plasma is a 

more effective in inactivation of mould spores 

than inactivation of higher stages of 

micromycetes on malt extra agar.  

 

 

Keywords: Moulds, mould spores, non-thermal 

atmospheric pressure plasma, spore 

concentration, inactivation.   

 

Figure 1: Effects of non-thermal atmospheric 

pressure plasma on colony colour of A. 

brasiliensis grown on malt extract 

agar. Representative images of Aspergillus 

brasiliensis taken on day 7 after inoculation: a) 

untreated sample, b) plasma treated sample (300 

W, exposure time 10 min) showing colour 

changes. 
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Abstract: 

The optical limiting (OL) functionality is one of 

the most promising practical applications of the 

nonlinear absorption process. OL devices are of 

great importance due to the possibility of their 

use for the protection of human eye, light sensors, 

cameras and of other sensitive optical and opto-
electronic devices against intense sources of laser 

radiation, which can irreversibly damage of such 

elements when a safety damage threshold is 

exceeded [1-5]. The continuous development of 

these type of devices is crucially dependent on 

the availability of suitable optical materials and 

structures. Lately, the natural dyes extracts are 

emerging as an important class of optical 

materials for this application and are intensely 

studied due to their interesting photosensitive 

properties. The synthetic polymers that have 

been used so far in optical limiters can be 

successfully replaced by these bio-polymers that 

have some advantages over artificial materials 

[6,7]. 

In this work are presented our recent results 

regarding the optical limiting capability of 

femtosecond laser pulses at 1550 nm wavelength 

of these novel bio-polymers functionalized with 

DNA by intensity scan experiments. The studied 

natural extracts have low costs, being extracted 

from raw materials thus making the components 

based on them un-expensive. A series of optical 

properties of these natural dyes are reported and 

discussed. A comparative analysis of the DNA 

presence and of natural dye extract concentration 

are also reported and discussed to assess the 

influence of DNA on the optical limiting 

properties. 

These studies reveal an interesting potential of 

these bio-polymers functionalized with DNA for 

photonic applications, such as optical limiting 

and may serve as an eco-friendly alternative for 

hardly degradable and highly polluting synthetic 

polymers and dyes. 

Keywords: optical limiting, bio-polymers, 

natural dye extract functionalization, DNA, 

nonlinear optical response 
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Abstract: 

Capacitive sensing is a common technology in 

various fields where information about touches 

or distances are needed to control processes, or 

software. The integration of capacitive sensors 

into high pressure laminate (HPL) used for 

furniture, wall covering, or facades creates new 

possibilities for interactions. Furthermore, the 

integration reduces the number of components, 

complexity and therewith the prone to errors 
compared to external devices that are mounted 

behind the material and measuring through the 

material. To date, capacitive sensors are installed 

behind materials as external devices that 

measures through the covering material. HPL 

consists of impregnated paper stacked on top of 

one another. With the developed method, 

capacitive sensors are printed with silver 

nanoparticle ink on one paper layer in the stack 

close to the surface. The stack is then pressed 

with 150°C to form a solid board. To test the 

procedure, a circuit for controlling a height-

adjustable table was developed. The circuit 

consists of three sensors that serve as buttons and 

six LEDs that are controlled and read by an 

external microcontroller. The resistance of 

straight conductor tracks was continuously 

measured during the pressing process, so that 

conclusions could be drawn about changes in 

resistance due to the pressing process. On the one 

hand, the results show that small electrical 

components such as LEDs or resistors can be 

easily integrated into the surface without causing 

a functional failure or impairing the surface. On 

the other hand, the measurements show a 

reduction in resistance of around 50% as a result 

of the pressing process. With the methodology 

presented, not only capacitive sensors but also 

other single-layer circuits with flat SMD 

components can be integrated into HPL boards 

and form an interactive surface.  

Keywords: printed electronic, sensitive surface, 

High Pressure Laminate, capacitive sensor, smart 

furniture, silver nanoparticles, interactive surface 

 

 

 

Figure 1: The figure shows the structure of an 

HPL with integrated sensors and LEDs. The 

position of the paper with the electronics printed 

on depends on the intended use, the height of the 

electronics and the intensity or color of the LED. 
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