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SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program

27 - 29 April 2022 | Barcelona, Spain

27 April 2022

08:00 - 12:00

08:30 - 10:00

Onsite Participant registration.

Welcoming Coffee

SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Plenary Onsite session

Onsite Conference Room Glorias A

Session’s Chairs:
Prof. Holger Kersten, University Kiel, Germany
Prof. Alicia de Andrés, Materials Science Institute of Madrid (CSIC), Spain
Prof. Alessandro Ruggiero, University of Salerno, Italy

Continuous to Nanoflake MoS2 Single-Layers: Characterization

Prof. Alicia de Andrés,

12:00 - 14:00

Avetishyan, |. Alshaikh, L. F. Pantoja-Suarez, J. L. Andujar Bella,
A. Perez-del-Pino and E. Giorg

Lunch Break
SICT 2022 Session I:

10:00 - 10:30 | and Sensing Applications using Optical Spectroscopies. Materials Science Institute of
A. de Andrés, S. Cortijo-Campos, L. Alvarez-Fraga and C. Prieto | Madrid (CSIC), Spain
Post-Thermal Spray Coating Surface Modification and Potential | Prof. Auezhan Amanov,
10:30 - 11:00 | Industrial Applications Sun Moon University, Rep.
A. Amanov and Y.S. Pyun of Korea
The Energy Balance of Nano- and Microparticles during Plasma | Prof. Holger  Kersten,
11:00 - 11:30 | Processing University Kiel, Germany
H. Kersten
Graphene nanowalls grown on stainless steel by inductively | Prof. Enric Bertran-Serra,
coupled plasma chemical vapor deposition Barcelona University, Spain
11:30 - 12:00 | E. Bertran-Serra, S. Chaitoglou, R. Amade Rovira, A. Mushegyan-

Surfaces and Coatings processing / Characterization / Properties

Multifunctional composite and hybrid coatings

Onsite Conference Room Glorias A
Session’s Chairs:

Prof. Alicia de Andrés, Materials Science Institute of Madrid (CSIC), Spain
Prof. Auezhan Amanov, Sun Moon University, Rep. of Korea

Dr. Himanshu H Mishra, King Abdullah University of Science & Technology, KSA

A comparative study of Ir(dmpq)2(acac) doped CBP, mCP, TAPC
and TCTA for phosphorescence OLEDs

Prof. Maria Gioti, Aristotle
University of Thessaloniki,

A. Pattnayak, A. Gupta, N.V Abhijith, D. Kumar, J. Jain and V.
Chaudhry

14:00 - 14:30 D. Tselekidou, L. Panagiotidis, K. Papadopoulos, V. Kyriazopoulos | Greece
and M. Gioti
Synthesis of freestanding porous alumina and metallic nanowires | Ms. Stefania-Cristina
14:30 - 14:45 S. lonescu, C. Gheorghiu, D. Popa and V. Leca lonescu, National Institute
) ’ for Physics and Nuclear
Engineering, Romania
Tunable thermal and photochemical crosslinking of CHic-able | Mr. Dennis Rusitov,
14:45 - 15:00 | diazo-groups containing polyers University of Freiburg,
D. Rusitov and J. Rihe Freiburg, Germany
Dual-phase CuZr thin film metallic glasses (TFMGs) deposited by | Mr. Alireza Bagherpour,
15:00 - 15:15 PVD magnetron sputtering: bias voltage and thickness dependency | The University of Namur,
) ’ of structure, hardness, and wear resistance Belgium
A. Bagherpour, M-S. Colla b, A. Orekhov, T. Pardoen and S. Lucas
Post Processed Ceramic Based Coatings on Steels using Thermal | Mr.  Abhijit  Pattnayak,
15:15 - 15:30 Spray Indian Institute of Technology

Delhi, India
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Effects of 18 Ni (300) maraging steel coating by laser depositionon | Mr.  Vito  Errico, The
15:30 - 15:45 LPBF AISI 316L component Polytechnic  University of
) ’ V. Errico, P. Posa, A. Angelastro, M. Mazzarisi, A. Fusco and S.L. | Bari, Italy
Campanelli
Properties of coatings and SPS sinters made of tungsten diboride | Mr. Rafal Psiuk, Institute of
15:45 - 16:00 | alloyed with Ti, Cr, Mo, Re and Zr Fundamental Technological
R. Psiuk, ,M. Wisniewska, D. Garbiec and T. Moscicki Research, Poland
16:00 - 16:30 Coffee Break
Session’s Chairs:
Prof. Alicia de Andrés, Materials Science Institute of Madrid (CSIC), Spain
Prof. Auezhan Amanov, Sun Moon University, Rep. of Korea
Dr. Ramon Escobar Galindo, University of Seville, Spain
The Influence of Ambient Cure Chemistry and Stoichiometry onthe | Mr.  Callum  Bannister,
16:30 - 16:45 | Surface Properties of Epoxy Coatings for Industrial Application Durham University, UK
C. Bannister, A. Guy and R. Thompson
Study of bioinspired super-hydrophobic polymer textured surfaces | Dr. Quentin Legrand, Ecole
16:45 - 17:00 | to design fluorine-free high repellency textiles Centrale de Lyon, France
Q. Legrand, S. Benayoun and S. Valette
Development and investigation of textile materials with Conductive | Dr.  Vitalija Rubeziene,
17:00 - 17:15 Coatings intended for microwave shielding and absorption Center for Physical Sciences
) ’ V. Rubeziene, A. Sankauskaité, S. Varnaité-Zuravliova and A. and Technology- Kaunas,
Abraitiené Lithuania
17:15 - 17:30 Oxidation Kinetics of Inconel 625® under CO2 Mr Boris Contri, University
) ) B. Contri, S. Valette, M. Soustre and P. Lefort of Limoges, France
Evaluation and improvement of adhesion between polymeric nano- | Mr. Thomas Schneiders,
17:30 - 17:45 | fibers and metallic substrates RWTH Aachen University,
T. Schneiders, F. Ahrens and T. Gries Germany
Effect of the detonation spraying technological parameter on the | Mr. Nurtoleu Magazov,
17:45 - 18:00 phase composition and properties of Cr3C2- NiCr coatings Daulet Serikbayev East
) ’ N.M.Magazov, B.K. Rakhadilov D.N. Kakimzhanov and L.G. | Kazakhstan technical
Zhurerova university, Kazakhstan
Hybrid nanostructures for (photo)electrochemical water splitting Dr. Stepan Kment, Palacky
18:00 - 18:15 | S. Kment, A. Naldoni and R. Zboril University Olomouc, Czech
Republic
The effect of cold plasma and fs-laser generated plasma surface | Dr. Zoltan Weltsch, John
18:15 - 18:30 treatment on the wettability of high strength steel and the strength | von Neumann University,
) ’ of the overlap bonded joint Hungary
Z. Weltsch and M. Berczeli
Influence of cold plasma surface treatment of HIPS and PA6 based | Mr. Miklos Berczeli, John
18:30 - 18:45 nanocomposite polymers on wetting properties and 2K epoxy and | von Neumann University,
) ’ 2K hybrid adhesive joints Hungary
M. Berczeli and Z. Weltsch
SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program Page 2




27 April 2022

Plasma Tech Session |

Plasma fundamentals / Modelling / Atomic and Molecular Processes

Session’s Chairs:

Onsite Conference Room Glorias B

Prof. Enric Bertran-Serra, Barcelona University, Spain

Dr. Thomas Danny Michl, University of Applied Sciences and Arts Northwestern Switzerland, Switzerland

Prof. Vasco Guerra, Technical University of Lisbon, Portugal

Controlling Atmospheric Pressure Plasma Interactions with Solids
and Liquids

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

14:00 - 14:30 Kseniia Konina, Mackenzie Meyer, Sanjana Kerketta, Astrid
Raisanen, Jordyn Polito and Mark J. Kushner
Plasma spraying related modelling and experimental studies Dr. Margarita Baeva,
) . M. Baeva, T. Zhu, H. Testrich, R. Methling and R. Foest Leibniz Institute for Plasma
14:30 - 14:45 .
Science and Technology,
Germany
Non-Thermal Plasma Sources Based on Cometary and Point-to- | Mrs.  Eliska  Lokajova,
14:45 - 15:00 Ring Discharges University of Chemistry and
) ’ E. Lokajova, J. Khun, A. Machkova, P. KaSparova, M. Klenivskyi, | Technology- Prague, Czech
E. Vankova, P. Galar, J. Julak and V. Scholtz Republic
A modelling investigation of the mechanisms underlying the O/O2 | Mr. Omar Biondo, The
15:00 - 15:15 removal in the afterglow of a CO2 plasma with a carbon bed University of Antwerp, The
’ ’ O. Biondo, F. Girard-Sahun, G. Trenchev, G. van Rooij and A. | Netherlands
Bogaerts
Behaviour of Electric Arc in Plasma-Chemical Reactor during | Dr. Viktorija Grigaitiene,
15:15 - 15:30 Hazardous Waste Processing Lithuanian Energy Institute,
) ’ V. Grigaitiené, D. Gimzauskaité, V. Valin€ius, R. Kézelis, R. Uscila | Lithuania
and Z. Kavaliauskas
Global plasma modelling of PECVD growth of SiO2 films for optical | Ms. Kristina Tomankova,
15:30 - 15:45 | applications PlasmaSolve company,
K. Tomankova, N. Rivolta and A. Obrusnik Czech Republic
15:45 - 16:00 | Characterization of non-thermal coronal plasma discharges for | Mr Victor Tshigo, University
different high voltage electrode configurations in the atmosphere | of Pretoria, South Africa
using air.
S.0. Babalola, V. Tshigo, M.O. Daramola and S.A. lwarere
16:00 - 16:15 | Investigations of the sheath in a dual-frequency capacitively | Ms. Jessica Schleitzer,
coupled rf discharge by optically trapped microparticles Christian-Albrechts Univ.,
J. Schleitzer, V. Schneider and H. Kersten Germany
SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program Page 3




27 April 2022

SICT 2022 / Tribology 2022
ReSISTant EU Project Workshop: Drag Reducing Surfaces (Riblets) - Simulations, high resistant
nano-coatings development, applications, and new manufacturing processes for future
worldwide applications

Onsite Conference Room Glorias C

08:30 - 10:00 Welcoming Coffee

Workshop Chairs:
Dr. Andreas Flanschger, Bionic surface technologies GmbH, Austria
Overview Project ReSISTant Dr. Andreas Flanschger,
10:00 - 10:15 | A. Flanschger Bionic surface technologies
GmbH, Austria
Industrial Compressors: Riblet Simulation Results Mr. Lucas Garcia de
10:15 - 10:45 L.G. de Albeniz Martinez Albeniz Martine_z, Bionic
: : surface technologies GmbH,
Austria
Industrial Compressors: Applications and Test results Mr. Michael Meyer, MAN
10:45 - 11:15 | M. Meyer Energy Solutions Schweiz
AG, Switzerland
11:15 - 11:45 Riblet application technologies I: Coatings for harsh conditions Mr. Andreas Brinkmann,
’ ) A. Brinkmann Fraunhofer IFAM, Germany
Aircraft Turbines: Riblet Simulation Results Mr. Lucas Garcia de
11:45 - 12:15 L.G. de Albeniz Martinez Albeniz Martine_z, Bionic
’ ’ surface technologies GmbH,
Austria
12:00 - 14:00 Lunch Break
Project ReSiSTant and beyond — new Riblet applications Dr. Andreas Flanschger,
14:00 - 14:15 | Flanschger Bionic surface technologies
GmbH, Austria
Riblet application technologies II: Riblet Film and beyond Dr. Christoph Baum,
14:15 - 14:45 | C. Baum Polyscale GmbH & Co. KG,
Germany
14:45 - 15:15 Riblet Application Technologies IlI: Laser Mr. Yuichi  Shibazaki,
) ) Y. Shibazaki NIKON Corporation, Japan
Riblet Application Technologies IV: Direct Contactless | Mr. Henry Bilinsky,
15:15 - 15:45 | Microfabrication MICROTAU PTY LTD,
H. Bilinsk Australia
16:00 - 16:30 Coffee Break
16:30 - 17:00 | Riblet Material Development: Antifouling Riblet coatings Mr. Andreas Brinkmann,
A. Brinkmann Fraunhofer IFAM, Germany
Surface Characterization: Roughness direct simulation Mr. Lucas Garcia de
17:00 - 17:30 L.G. de Albeniz Martinez Albeniz Martine_z; Bionic
’ ’ surface technologies GmbH,
Austria
17:30 - 18:00 | Riblet Material Development: Riblet Defects and their impact Mr. Christoph Feichtinger,
C.Feichtinger Bionic surface technologies
GmbH, Austria

SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program Page 4
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28 April 2022
Plasma Tech Session Il:
Plasma Processing / materials interactions / coatings
Session’s Chairs:
Prof. Mark J. Kushner, University of Michigan, USA
Prof. Vasco Guerra, Technical University of Lisbon, Portugal
Selectively changing key surface properties via atmospheric | Dr. Thomas Danny Michl,
09:00 - 09:30 gliding arc plasma deposition University of Applied Sciences
' ’ T. Danny Michl, A. Goel and S. Neuhaus and Arts Northwestern
Switzerland, Switzerland
On the formation of carbon nanoparticles in expanding laser- | Ms. Agata Kaczmarek,
induced plasma Institute of Fundamental
09:30 - 09:45 | A. Kaczmarek and J. Hoffman Technological Research
Polish Academy of Sciences,
Poland
09:45 - 10:00 Carbon nanostructure production from ethanol by cold plasma Dr. Andrea Jurov, University
) ) A. Jurov, J. Zavasnik and U. Cvelbar of Zagreb, Croatia
Hydrophobic and Amphiphobic Postmodification of Mesoporous | Dr. Baldur  Schroeter,
10:00 - 10:15 | Aerogels via Cold Plasma Coating Hamburg University of
B. Schroeter, I. Jung, P. Gurikov and |. Smirnova Technology, Germany
Plasma Activated Liquids: a Method for Efficient Surface Modifica- | Dr. Pavel Galar, Institute of
10:15 - 10:30 tion of Semiconductor Nanostructures Physics of the Czech
’ ) P. Galar, F. Matéjka, J. Khun and K. Kisova Academy of Sciences, Czech
Republic
10:30 - 11:00 Coffee Break
UV-LED, UV-laser and Corona discharge treatments for | Mrs Beatrice Malchiodi,
11:00 - 11:15 polypropylene surface functionalization and optimization of PP- | University of Modena and
’ ) Fiber Reinforced Concrete Reggio Emilia, Italy
B. Malchiodi, P. Pozzi and C. Siligardi
Fast Switch From Hydrophilic to Hydrophobic Surface of Cellulose | Ms Ana Oberlintner, National
11:15-11:30 | Film by Low-Temperature Plasma Treatment Institute of Chemistry,
A. Oberlintner, V. Shvalya, B. Likozar and U. Novak Slovenia
Recent progress in the electrical management of the plasma | Dr Julien Martin, University
11:30 - 11:45 electrolytic oxidation process of Lorraine, France
’ ) J. Martin, V. Ntomprougkidis, C. Tousch, A. Maizeray, G. Marcos,
T. Czerwiec, T. Belmonte and G. Henrion
Promoting resource preservation by PECVD barrier coatings for | Dr. Philipp Alizadeh, RWTH
11:45 - 12:00 | refillable PET bottles Aachen University, Germany
P. Alizadeh and R. Dahimann
Cathodic plasma electrolytic deposition of an aluminium oxide | Dr. Marcel @ Wetegrove,
12:00 - 12:15 based hydrogen permeation barrier Leibniz Institute for Plasma
’ ) M. Wetegrove, M. Rohloff, U. Lindemann, A. Quade and A. Kruth | Science and Technology,

German
12:00 - 14:00 Lunch Break
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Plasma Tech Session lil:
Plasma application for biology, medicine, and agriculture
Session’s Chairs:
Prof. Lia-Mara Ditu, University of Bucharest, Romania
Prof. Cristina Canal, The Polytechnic University of Catalonia, Spain
Dr. Ita Junkar, Jozef Stefan Institute, Slovenia
Challenges in Plasma-Conditioned Liquids and Hydrogels for | Prof. Cristina Canal, The
14:00 - 14:30 Cancer Treatment Polytechnic ~ University  of
’ ) C. Labay, F. Tampieri, A. Espona, X. Solé-Marti, M. Mateu-Sanz, | Catalonia, Spain
J. Tornin and C. Canal
Multifunctional medical materials of the future by plasma surface | Dr. Ita Junkar, Jozef Stefan
14:30 - 15:00 | modification Institute, Slovenia
I. Junkar and M. Bencina
Improved biocompatibility of hydrothermally and plasma-treated | Dr. Metka Bencina, Jozef
15:00 - 15:15 titanium _ o Stefan Institute, Slovenia
' ) M. Bencina, N. Rawat, P. Stari¢, K. Lakota, S. Sodin-Semrl, A.
Igli¢ and I. Junkar
PECVD coatings as migration barriers for the use of post- | Mrs. Lara Kleines, RWTH
15:15 - 15:30 | consumer recyclates in food contact Aachen University, Germany
L. Kleines and R. Dahimann
Utilization of Plasma in Medicine: Inactivation of Acantamoebas, | Ms. Tereza Merinska,
15:30 - 15:45 Dermatophytes, and Staphylococci University of Chemistry and
' ) T. MéFinska, E. Lokajova, J. Julak, E. Nohynkova, J. Khun, V. | Technology- Prague, Czech
Scholtz and P. Petras Republic
Understanding the molecular mechanisms of non-thermal plasma | Ms. Alexandra Waskow,
15:45 -16:00 | treatments on Arabidopsis thaliana seeds EPFL university, Switzerland
A. Waskow, A. Guihur, A.A. Howling and I. Furno
Inactivation of Critically Ranked Carbapenem Resistant Bacteria | Ms. Thabang B.M. Mosaka,
16:00 - 16:15 | and Genes Using Cold Atmospheric Plasma Technology University of Pretoria, South
T.B.M. Mosaka, M.O. Daramola, C. Tizaoui and S.A. Iwarere Africa

16:00 - 16:30 Coffee Break

SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program
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28 April 2022

SICT 2022 / Tribology 2022 Joint Session I:

Session’s Chairs:

Coatings and Surfaces Corrosion / tribological properties / adhesion and Adhesives

Onsite Conference Room Glorias B

Dr. Himanshu H Mishra, King Abdullah University of Science & Technology, KSA

Corrosion Protection Potential of Hard Nitride Based Coatings

Prof. Mustafa Urgen,

Session’s Chairs:

08:30 - 09:00 | Produced with PVD techniques Istanbul Technical University,
M. Urgen and B. Avci Turkey
Anticorrosive PEO coatings on metallic cast heat enhancers for Ms. Natalia Razny, Wroctaw
09:00 - 09:15 | thermal energy storage University of Science and
N. Razny, A. Dmitruk and K. Naplocha Technology, Poland
Self-healing core-shell nanofibres for corrosion protective coatings | Dr. Natalia Spera, Iberian
09:15-09:30 | N. C. M. Spera and J. P. S. Sousa Nanotechnology Laboratory,
Portugal
Epoxy Novolac Coating Interactions at High Pressure High | Dr. Narayanan Rajagopalan,
09:30 - 09:45 | Temperature Conditions Technical University of
N. Rajagopalan, C.E. Weinell, K. Dam-Johansen and S. Kiil Denmark, Denmark
Mechanisms of corrosion protection of steel using industrial water- | Mr. Arthur Boidot, Ecole
09:45 -10:00 | borne zinc rich sol-gel coatings Centrale Lille, France
A. Boidot, C. Jama, J-B. Vogt and F. Gheno
Pull-off strength of polyurethane coatings with waste rubber fillers | Dr. Paulina Mayer, Wroclaw
10:00 - 10:15 | on aluminum substrate after aged and thermal shock processes University of Science and
P. Mayer, M. Ferraris and S. Perero Technology, Poland
Tungsten carbide surfaces: challenging PVD coatings by additive | Mr. Florian Koehn, Aalen
10:00 - 10:30 | manufacturing University, Germany
F. Koehn, W. Schulz and J. Albrecht
10:30 - 11:00 Coffee Break

Prof. Mustafa Urgen, Istanbul Technical University, Turkey

Dr. Himanshu H Mishra, King Abdullah University of Science & Technology, KSA

Adhesive and wear behavior of a duplex coating of a nitrided layer
plus diamond-like carbon coating.

Prof. Inigo Gomez Alonso,
Public University of Navarre,

M. Champion, |. Linossier, K. Rehel, C. Hellio, X. Moppert and F.

SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program

11:00 - 11:15 . Gomez, A. Claver, J.A. Santiago, J. Fernandez, Braceras and | Spain

J.A. Garcia

Wear behavior of single stage HVOF sprayed TiNbMoMnFe high | Mr. N.V. Abhijith, Indian
11:15 -11:30 | entropy alloys coating Institute of Technology Delhi,

N.V. Abhijith, A. Pattnayak , A. Gupta and D. Kumar India

Tribological Characterization of Ti-based Magnetron Sputtered | Ms. Aslihan Sayilan,
11:30 - 11:45 Thin Films: A small-scale in situ study MATEIS, Univ. Lyon/ INSA-

) ) A. Sayilan, J. Ferreira, C. Goudin, C. Lopes, J. Borges, F. Vaz, N. | Lyon, France

Mary, S. Descartes and P. Steyer

Controlling the tribological properties of hard coatings by substrate | Mr. Wadim Schulz, Aalen
11:45 -12:00 | engineering University, Germany

W. Schulz, F. Kéhn and J. Albrech

Effect of Substrate (WC-Co) Surface Roughness on the | Mr. Sharjeel Ahmed Khan,
12:00 - 12:15 | Tribological Properties of DLC Coatings Deposited by HiPIMS University of Coimbra,

S.A. Khan, J. Oliveira, N. Emami and A. Ramalho Portugal

Antiadhesive coating in aqueous phase to prevent colonization by | Ms. Marie Champion,
12:15 - 12:30 microorganisms University of South Brittany,

France

Fay
12:00 - 14:00 Lunch Break
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28 April 2022

SICT 2022 / Tribology 2022 joint Session II:
Physics or chemistry of tribo-surfaces/ Nanotribology (Part I)

Onsite Conference Room Glorias C

Session’s Chairs:
Dr. Chen Xiao, Advanced Research Center for Nanolithography, The Netherlands
Dr. Alberto Rota, University of Modena and Reggio Emilia, Italy

Prof. Shih-Chieh Lin, National Tsing Hua University, Taiwan

Session’s Chairs:

Adhesion-aided friction of viscoelastic materials Prof. Giuseppe Carbone,
08:30 - 09:00 | G. Carbone, C. Mandriota and N. Menga Polytechnic University of Bari,
Italy
Compositional and topographical tailoring of tungsten carbide | Prof. Joachim Albrecht,
09:00 - 09:30 | surfaces to control friction and wear under dry conditions Aalen University, Germany
J. Albrecht, W. Schulz and F. Kéhn
Experimental and modelling-based upscaling of new material | Prof. Helena Ronkainen,
09:30 - 10:00 concept for journal bearings VTT Technical Research
) ) H. Ronkainen, J. Tervo, M. Savolainen, J. Virtanen and Sami | Centre, Finland
Majaniemi
Challenges to Testing - Rolling Contact Fatigue on Modern High | Dr. Vuokko Heino, VTT
10:00 - 10:15 | Strength Steels Technical Research Centre of
V. Heino, R. Parikka, M. Lindroos and H. Ronkainen Finland Ltd, Finland
The Dynamics of Capillary Bridge Formation in the Non-Contact | Dr. Felix Cassin, Advanced
10:15 - 10:30 Regime Resee_lrch Center for
) ) F. Cassin and B. Weber Nanolithography, The
Netherlands

10:30 - 11:00 Coffee Break

Prof. Giuseppe Carbone, Polytechnic University of Bari, Italy
Prof. Helena Ronkainen, VTT Technical Research Centre, Finland

12:00 - 14:00

Lunch Break

SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program

Recent in-silico models for wear calculation in total hip | Prof. Alessandro Ruggiero,
11:00 - 11:30 | replacements University of Salerno, Italy
A. Ruggiero
Wear Particle Dynamics Drives the Difference between Repeated | Dr. Chen Xiao, Advanced
11:30 - 11:45 and Non-Repeated Reciprocating Sliding Research Center for
) ) F-C. Hsia, F. Elam, D. Bonn, B. Weber and S. Franklin Nanolithography, The
Netherlands
Fine Defect Engineering of Graphene Friction Mr. Aitor Zambudio
11:45-12:00 | A. Zambudio, E. Gnecco, J. Colchero, R. Pérez, J. Gomez- | Sepulveda, The Autonomous
Herrero and C. Gomez-Navarro University of Madrid, Spain
Investigation of experimental production parameters effects on the | Mr. Marco Freschi,
12:00 - 12:15 | vear behaviour of copper-tungsten disulfide composite Polytechnic  university  of
) ’ M. Freschi, L. Dragoni, M. Mariani, O. Haiko, J. Kémi, N. Lecis | Milan, Italy
and G. Dotelli
Fabrication of generated rough surface topographies through | Mr. Jack Perris, University of
12:15 — 12:30 additive manufacture for replication and study in various polymer | Glasgow, UK
) ) materials
J. Perris, C. Kumar, Y. Xu, N. Gadegaard and D. Mulvihill

Page 8




SICT 2022 / Tribology 2022: i-Tribomat Workshop
Session’s Chairs:
Dr Xavier Borras, AC2T Research, Austria
14:00 - 14:45 AC2T — The European Tribology Centre Dr. Franz Pirker, AC2T
) ) F. Pirker research GmbH, Austria
On the Challenges in Achieving Comparable and Reproducible | Mr. Mirco Kroll, Federal
Tribological Model Tests Institute of Materials
14:45-15:00 | Kré?l Reseaerch and  Testing
(BAM), Germany
15:00 - 15:15 Seamless_ Data Flow _ Mr. ._Jesus Benedicto, ATOS,
J. Benedicto and A. Garcia Spain
15:15 - 15:30 The Tribology Database Dr. Donna Dykeman, Ansys
) ) D. Dykeman UK Ltd, UK
15:30 - 15:45 The Art of Downscaling & Upscaling Dr. Uirike Cihak-Bayr, AC2T
) ) U. Cihak-Bayr research GmbH, Austria
15:45 - 16:00 Success Story of TRYGONAL IBERIA Dr. Francesco Pagano,
’ ’ F. Pagano Tekniker Foundation, Spain
16:00 - 16:30 Coffee Break
Game Changing in Material Development through Lab-to-Field | Prof. Ichiro Minami, Lulea
16:30 - 16:45 | Approaches University of Technology,
I. Minami Sweden

SICT 2022 / Tribology 2022 joint Session II:

Physics or chemistry of tribo-surfaces / Nanotribology (Part Il)

Session’s Chairs:
Prof. Joachim Albrecht, Aalen University, Germany
Prof. Mitjan Kalin, University of Ljubljana, Slovenia

Onsite Conference Room Glorias C

Effect of humidity on capillary adhesion and friction at silicon-on-

Mr. Liang Peng, University of

L.M. Vilhena and A. Ramalho

17:00 - 17:15 silicon multi-asperity interfaces Amsterdam, The

L. Peng, F-C. Hsia, S. Woutersen, B. Weber and, D. Bonn Netherlands

Frictional properties and nano-mechanical analysis of surface- | Mr. Renato Maraula, Albert
17:15 -17:30 | attached hydrogels Ludwig University, Freiburg,

R. Maraula and J. Riihe Germany

Ti3C2Tx Nano-Sheets: Substrate-Dependent Tribo-Chemical | Dr. Alberto Rota, University
17:30 - 17:45 | Reactions of Modena and Reggio Emilia,

A. Rota, N. Bellina and A. Rosenkranz Italy

A Novel Restrictor Design for Hydroststic Bearing Prof. Shih-Chieh Lin,
17:45-18:00 | S. C. Lin, Y. H. Lo, Y. H. Lin, W. T. Tung and T. H. Lai National Tsing Hua University,

Taiwan

Skin friction: mechanical and ftribological characterization of | Dr. Luis Vilhena, University

18:00 - 18:15 | different papers used in everyday life of Coimbra, Portugal

SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Hybrid Conferences Program
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29 April 2022

SICT Session IlI: Coatings for Energy and Environmental Applications

Onsite Conference Room Glorias B

Session’s Chairs:
Prof. Inigo Gomez Alonso, Public University of Navarre, Spain
Prof. Maria Gioti, Aristotle University of Thessaloniki, Greece

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

Optical design, microstructural characterization and high- | Dr. Ramon Escobar Galindo,

temperature in-air stability study of solar selective coatings based | University of Seville, Spain
08:30 - 09:00 | on aluminium- (titanium, chromium) oxynitride multilayers

R. Escobar Galindo, |. Heras, E. Guillén, F. Munnik, I. Azkona,

A. Caro, T.C. Rojas, J.C. Sanchez-Lopez and M. Krause

Nature-Inspired Coating Technologies for Global Food—Water | Dr. Himanshu H Mishra, King
09:00 - 09:30 | Security Abdullah University of Science

H. Mishra & Technology, KSA

Synthesis of Graphene-suspensions by plasma-in-liquid process | Mrs. Camila A. Rojas Nuiez,

for thin film coatings of polymer-membranes for fuel cell | Leibniz Institute for Plasma
09:30 — 09:45 application. Science and  Technology,

’ ’ C. Rojas, T. Schulz, F. Kaufer, , P. Quarz, V. Bravo, J. Kapp, V. | Germany

Lukassek, T. Sommer, P. Scharfer, C. Scheu, J. Wartmann, W.

Schabel and A. Kruth

Impact of Crosslinker Chemistry and Concentration on | Ms. Purneema Kaur, Durham

Reinforcement of GO Composites for Water Filtration | University, UK
09:45 - 10:00 | Applications

P. Kaur, R.L. Thompson, L.R. Hutchings, M.U. Chaudhary and

T. Pugh
10:00 — 10:30 Coffee Break

Plasma Tech Session IV: Plasma application in Energy and environment

Onsite Conference Room Glorias B

Validation of complex plasma chemistries: CO2 as a case study | Prof. Vasco Guerra, Technical
10:30 - 11:00 | V. Guerra, T. Silva, C. Fromentin, T. C. Dias, A. S. Morillo- University of Lisbon, Portugal

Candas and O. Guaitella

Plasma-ammonia formation integrating high-temperature | Dr. Long Nguyen, University of
11:00 - 11:15 hydrogen plasma formation and biomass gasification Warwick, UK

) ’ N.V.D. Long, K. van 't Veer, J. Osorio Tejada, N, N. Tran, L.

Fulcheri, B. Patil, V. Hesse, A. Bogaerts

Plasma-catalytic coupling in a nanosecond pulsed discharge | Ms. Marzia Faedda, AGH
11:15 - 11:30 | plasma for CO2 recycling University of Science and

M. Faedda, B. Samojeden, L.M. Martini, M. Motak and P. Tosi Technology, Poland

Effect of morphology of nanostructured CeO2 supports | Ms. Beatrice Musig, Instituto
11:30 - 11:45 | onplasma-assisted CO2 methanation de  Carboquimica-Zaragoza,

B. Musig, M.E. Galvez and M.V. Navarro Spain

Study on the mechanism of plasma-assisted CO2 methanation | Mr. Domenico Aceto, IST
11:45 - 12:00 | over Ru-zeolite catalysts in a DBD operando FTIR cell Lisbon, Portugal

D. Aceto, F. Azzolina-Jury and C. Henriques
12:00 - 12:15 Plasma-liquid catalysis for CO2 conversion Mr. Jairo Barauna, University

) ) J. Barauna, T. M. Garcia, M. Magureanu and V. |. Parvulescu of Bucharest, Romania.

In-situ water water purification method using plasma activated | Dr. Minkwan Kim, University of
12:15 - 12:30 | microbubbles for remote environments with limited resources Southampton, UK

M. Kim

Kinetic mechanisms in CO2-N2 plasmas Mrs. Chloé Fromentin,
12:30 - 12:45 | C. Fromentin, T. Silva, T. C. Dias, E. Baratte, O. Guaitella, O. | Technical University of Lisbon,

Biondo and V. Guerra Portugal
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29 April 2022

Session’s Chairs:

SICT 2022 / Tribology 2022 Session lll: Lubricants and hydrodynamic lubrication

Onsite Conference Room Glorias C

Prof. Giuseppe Carbone, Polytechnic University of Bari, Italy
Prof. Helena Ronkainen, VTT Technical Research Centre, Finland

Green Tribology: an appraisal of current status and future needs

Prof. Mitjan Kalin, University

10:00 - 10:30

S. Vafaei, G. Jacobs, F. Konig and R. Weberskirch
Coffee Break
Session’s Chairs:

08:30 - 09:00 M. Kalin of Ljubljana, Slovenia

The Active Role of Lubricating Grease as a Tribological System- | Prof. Erik Kuhn, Hamburg
09:00 - 09:30 | An Energetic Approach University of Apple. Sc,

E.Kuhn Germany

Development of tribological testing procedure for lubricating oil | Ms. Eleonora Colombo, R&D
09:30 - 09:45 | used in weaving machines. downstream research center-

E. Colombo and M. Toscanini Eni SpA, Italy.

Tribological Performance of Lubricating Greases Composed by | Mr. Seyedmohammad Vafaei,
09:45 - 10:00 | Different Bio-based Polymer Thickeners under EHL Conditions RWTH  Aachen University,

German

Dr. Chen Xiao, Advanced Research Center for Nanolithography, The Netherlands

A.P.S. Lodhi and D. Kumar

Development of sustainable and effective water-based | Mrs. Elisabet Benedicto,
10:30 — 10:45 | metalworking fluid for titanium machining Leitat Technological Center,
E. Benedicto, E.M. Rubio, L. Aubouy and M.M. Marin Spain
10:45 — 11:00 Development of HPDC system for lubricants evaluation Ms. Laura Batlle, Leitat
) ) L. Batlle, E. Benedicto, D. Cecilia, L. Muntada and W. Ajana Technological Center, Spain.
Study of friction reducers obtained from Sargassum algae: Effect | Dr. Audrey Molza, University
11:00 - 11:15 of the structure on the tribological performances of the carbon | of the French West Indies and
’ ’ phases Guiana- Guadeloupe, France
A.Molza, P.Bilas, T.Cesaire, P.Thomas and Y.Bercion
Mechanism analysis of tribological performance enhancement | Mr. Hua Jiang, Wuhan
11:15 - 11:30 using MoS2 and h-BN nanomaterials as nano-additives into poly | University = of  Technology,
) ) alpha olefin China
H. Jiang, X. Hou and K. D. Dearn
Tribological response of self-mated Zircaloy-4 under dry and | Mr. Bharat Kumar, Indian
11:30 - 11:45 | water submerged conditions Institute of Technology Delhi,
B. Kumar, D. Kumar and V. Chaudhry India
Performance of non-toxic, corrosion resistance, and lubricious | Mr. Ajay Lodhi, Indian Institute
11:45 - 12:00 | metalworking fluid under machining of Technology Delhi, India
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Virtual Presentations Sessions

The virtual presentations are to be held through the Whova Virtual event solution and can be joined online.
Any onsite participant wishing to take part of these virtual sessions, will have a room available for seating.

27 April 2022
SICT 2022 / Plasma Tech 2022 joint virtual session
Session’s Chairs:
Prof. Eloisa Sardella, CNR- Institute of Nanotechnology, Italy
Biobased functional coatings for cellulosic substrates Dr. Maria Beatrice Coltelli,
14:00 - 14:30 | M.B.Coltelli, L.Panariello, V.Gigante, L. Aliotta, S. Giangrandi, | University of Pisa, Italy
Ahdi Harich, I. Canesi, A. Lazzeri and P. Cinelli
Growth of carbon-based fibrous nanostructures via Chemical Prof. Costas Charitidis,
Vapor Deposition on half-Heusler alloys National Technical University
14:30 - 14:45 | A. Manasi, |.G. Aviziotis, A.F.A. Trompeta, A. Ntziouni, of Athens, Greece
S.Deligiannis, A. Alexandratou, E.P. Koumoulos and C.A.
Charitidis
Fabrication of worm-like carbon fibers from Oligomer-rich soot Mr. Andres E. R.
14:45 - 15:00 | generated by Solution Plasma Valenzuela, Nagoya
A. E. Romero Valenzuela, C: Chokradjaroen and N. Saito University, Japan
Fabrication of Anti-Wetting Coatings for Cold Environments Dr Alessandro Corozzi,
A. Corozzi, F. Veronesi, J. Mora, M. Caruso and M. Raimondo Institute of Science and
15:00 - 15:15 Technology for Ceramics,
National Research Council
(ISTEC- CNR), Italy
Combination of Coagulation, Adsorption, and Ultrafiltration | Prof. Muthia Elma,
15:15 - 15:30 Processes for Organic Matter Removal from Peat Water Lambung mangkurat
’ ’ M Elma, A E Pratiwi, A Rahma, E L A Rampun, Mahmud, C Abdi, | University, Indonesia
R Rosadi, D HY Yanto and M R Bilad
Control of metal ion release from magnetron sputtered Ag-Cu | Mr. Serdar Sonay Ozbay,
15:30 - 15:45 coatings on textiles Coventry University, UK
’ ’ S. Sonay Ozbay, G.T. Pourian Azar, J. Sharp, G.D. Rajmohan and
A. Cobley
Atmospheric pressure plasma superhydrophobic bilayer coatings to | Mrs. Manon Saget, Univ
15:45 - 16:00 limit dairy fouling adhesion Lille, France
’ ’ M. Saget, N. Nuns, L. Azevedo-Scudeller, G. Delaplace, V. Thomy,
Y. Coffinier and M. Jimenez
Evaluation of galvanic anodes capacity as per NACE TM0190-98 | Mr. Nayif Rasheedi, Saudi
16:00 - 16:15 | test methods Aramco, Saudi Arabia
N. Rasheedi and S. Al Mutairi
16:15 - 16:30 Coffee Break
Session’s Chairs:
Dr. Maria Beatrice Coltelli, University of Pisa, Italy
16:30 - 17:00 | Breakdown criteria in air: critical analysis and applications Prof. Olivier Eichwald, Paul
0. Eichwald, O. Ducasse and M. Yousfi Sabatier Univ. Toulouse,
France
Active Janus Particles in a Complex Plasma Dr. Volodymyr Nosenko,
17:00 - 17:15 | V. Nosenko German Aerospace Center
DLR, Germany
17:15 - 17:30 Plasma based CO2 Utilization — A Comparison Mr. Paul R6Bner, University
) ) S. Renninger, P. R6Bner, J. Stein, M. Lambarth and P. Birke of Stuttgart, Germany
Investigation of Temporal Evolution of Vacuum Arc with Heated | Mr. Anton Melnikov, Joint
Cathode Made of Cerium Dioxide Institute for High
17:30 - 17:45 | A.D Melnikov, R.A. Usmanov, V.P. Polishchuk, N.N. Antonov, A.V. | Temperatures of the Russian
Gavrikov and G.D. Liziakin Academy of  Sciences,
Russia
17:45 - 18:00 Pb+Ag mixture space separation in crossed fields of background Dr. Gennadii Liziakin, Joint
) ) discharge at the LaPlaS setup Institute for High
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G. Liziakin, N. Antonov, A. Gavrikov, A. Oiler, A. Melnikov, V.

Temperatures of the Russian

Smirnov, R. Timirkhanov, R. Usmanov, L. Volkov and N. Vorona Academy of  Sciences,
Russia
Optimization of PECVD SiOx passivation of GaN for interface | Mr Olivier Richard,
18:00 - 18:15 | charge control Sherbrooke University,
0. Richard, V. Aimez and A. Jaouad Canada
Dynamic properties of dust particles in a DC glow discharge in an | Mr. Assan Abdirakhmanov,
18:15 - 18:30 external magnetic field AI-Farapi Kazakh National
) ’ A.R. Abdirakhmanov, N.Kh. Bastykova, S.Kh. Kodanova and T.S. | University, Kazakhstan
Ramazanov
Plasma assisted CO2 dissociation in pure and gas mixture streams | Dr. Ana Goémez-Ramirez,
18:30 - 18:45 at ambient conditions University of Seville, Spain
) ’ P. Navascués, M Oliva-Ramirez, J. Cotrino, A. R. Gonzalez-Elipe
and A. Gémez-Ramirez
Plasma Diagnostics in Glow Discharge Emission Spectroscopy: a | Dr. Zdenek Weiss, Institute
18:45 - 19:00 Glimpse into the Excitation Processes Involved of Physics of the Czech
) ’ Z. Weiss Academy of  Sciences,
Czech Republic
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28 April 2022

Tribology 2022 Virtual Session

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

Virtual Conference Session

Graphene Coatings: A Disruptive Approach to Remarkable

Prof. Raman Singh, Monash

Session’s Chairs:

08:00 — 08:30 | Corrosion Resistance University, Australia
R. Singh
How to Slide (almost) without Friction from Boundary to | Prof. Juliette Cayer-
08:30 - 09:00 | Hydrodynamic Lubrication Barrioz, University of Lyon,
J. Cayer-Barrioz France
Modeling of Lubrication between Parallel Rough Surfaces: | Dr. Noel Brunetiére,
09:00 - 09:30 | Challenges and New Solutions University of Poitiers, France
N. Brunetiére
Study on the Effect of Water Content on Tribological Performance | Mr. Wei-Lun Liu, National
09:30 - 09:45 | of Grease Formosa University, Taiwan
S.Y.Chern, W. L. Liuand M. F. Gu
Influence of Laser Cladding on the Tribological and Microstructural | Ms. Panahsadat Fasihi,
09:45 - 10:00 | Properties of Ex-Service Light Rails Monash University, Australia
P. Fasihi, O. Kendall, R. Abrahams, C. Qiu, P. Mutton and W. Yan
Study on the Deterioration of Lubricating Oils with Environmental | Mr. Jin-Long Lin, National
10:15-10:30 | Particles Formosa University, Taiwan
J. H. Horng, J. L. Lin, Y. Y. Lin
10:30 -10:45 Defining a shear hardness: a computational approach Dr. Rosario Capozza, The

R. Capozza and K. J. Hanle University of Edinburgh, UK
10:30 - 11:00 Coffee Break

Prof. Juliette Cayer-Barrioz, University of Lyon, France
Prof. Jason Stokes, The University of Queensland, Australia

Advancing Solid Interfaces and Lubricants by First principles

Prof. Maria Clelia Righi,

13:30 - 14:00

Lunch Break

11:00 - 11:30 | Materials Design University of Bologna, Italy
M. Clelia Righi
11:30 - 12:00 Detection and Prevention of Early Surface Degradation Prof. Robert Wood, Univ. of
) ) Z. Tian, P. Lu, J. Grundy, S. Wang and R. Wood Southampton, UK
Triboscopy of Carbon Coatings Under Dry Friction Conditions Mr. Lars Lorenz, Dresden
12:00 - 12:15 | L. Lorenz, F. Hartwig, S. Makowski, M. Krause and A. F. Lasagni | Univ. of Technology,
Germany
Hydrostatic load on wavy sealing surfaces Mr. De Huang, Lulea
12:15-12:30 | D. Huang, X. Yan, R. Larsson and A. Aimqvist University of Technology,
Sweden
Laser-based processing of polymeric tribological coatings for | Mr. Marius Dahmen,
12:30 - 12:45 | lightweight applications Fraunhofer Institute for Laser
M. Dahmen, C. Vedder and J. Stollenwerk Technology (ILT), Germany
Weighted LASSO feature selection for the analysis of FT-IR spectra | Ms. Pia Pfeiffer, Vienna
12:45 - 13:00 | applied to relate engine oil degradation patterns University of Technology,
P. Pfeiffer, B. Ronai, G. Vorlaufer, N. Dorr and P. Filzmoser Austria
Analysis of the incomplete film in journal bearings using Dr. Roman Goltsberg,
13:00 - 13:15 | computational fluid dynamic Technion, Israel
S. Wei, Y. Kligerman, R. Goltsberg and |. Etsion
Unexpected low friction property of brass on ta-C in vacuum and | Mr. Fabian Hartwig,
13:15 - 13:30 atmospheric conditions Fraunhofer Institute  for
) ) F. Hartwig, L. Lorenz, S. Makowski, M. Krause, C. Habenicht and | Material and Beam
A. Fabian Lasagni Technology IWS, German

Plasma Tech 2022 Virtual Session

Virtual Conference Session
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Session’s Chairs:

Prof. Eloisa Sardella, CNR- Institute of Nanotechnology, Italy
Prof. Jason H.C. Yang, Feng Chia University, Taiwan

Electron Dynamics and Abnormal Target Erosion in RF Magnetron

Dr. Qi Hua Fan, Michigan

14:00 - 14:30 | Discharges State University, USA
Qi Hua Fan and Bocong Zheng
Aerosol assisted plasma deposition of composite coatings: from | Dr. Fabio Palumbo, CNR
14:30 - 15:00 | biomaterials to catalysis Institute of Nanotechnology,
F. Palumbo, C. Lo Porto and P. Favia Italy
Correlation of Excited Chemical Species by Solution Plasma in Dr. Jiangqi Niu, nagoya
15:00 - 15:15 Cyclic Organic Compounds and the synthesized Carbon-based university, Japan
) ) structure
J. Niu, C.Chokradjaroen and N. Saito
Reduction Synthesis of High-Entropy Alloy Nanoparticles in the | Prof. @Ho  Suk  Choi,
Plasma lonic Liquid System and their Application to Hydrogen | Chungnam National
15:15 - 15:30 | Evolution Reaction University, Rep. of Korea
G. Lee, V.-T. Nguyen, L. Larina, N.-A. Nguyen, H.-S. Choi and M.
Keidar
Synthesis of SiC Nanopowder by DC Plasma for Nuclear Fuel | Dr. German Cota-Sanchez,
15:30 - 15:45 | Applications Canadian Nuclear
G. Cota-Sanchez, D. McDonald, J. Mouris and N. Lee Laboratories, Canada
Effect of crosslinker on the wettability and mechanical properties | Dr Camilo Rendon
of hydrophobic coatings deposited via atmospheric pressure | Piedrahita, Luxembourg
15:45-16:00 | plasma Institute of Science and
C. Rendon-Piedrahita, K. Baba, R. Quintana, J. Bardon, R. | Technology, Luxembourg
Heyberger, J. Borek-Donten and P. Choquet
Solution Plasma for Enhanced Phosphorus Doping in TiO2 | Dr. Chayanaphat
16:00 - 16:15 | Nanoparticles Chokradjaroen, Nagoya
C. Chokradjaoren, J. Niu and N. Saito University, Japan

16:15 - 16:30

Coffee Break

Chairs:

Prof. Olivier Eichwald, Paul Sabatier Univ. Toulouse, France
Dr. Fabio Palumbo, CNR Institute of Nanotechnology, Italy

Dr. Qi Hua Fan, Michigan State University, USA

Adaptive Plasmas and Recent Developments in Plasma Medicine

Prof. Michael Keidar, George

16:30 - 17:00 M. Keidar Washington Univ., USA
The plasma produced long-lived RONS as allies in biomedicine | Prof. Eloisa Sardella, CNR-
17:00 - 17:30 | and food storage. Institute of Nanotechnology,
E. Sardella Italy
With Plasma from Medicine to Hydrogen Prof. Klaus-Dieter
17:30 — 18:00 K.D. Weltmann,T.v. Woedtke, J.F. Kolb, R. Brandenburg, T. | Weltmann, Leibniz Institute
’ ’ Gerling, S. Bekeschus, R. Bansemer, V. Hahn, J. Ehlbeck, for Plasma Science and
H. Brust, K. Zocher, V. Briuser, A. Kruth and R. Clemen Technology e.V. Germany
Plasma-Induced Graft Polymerization of Polyethylenimine onto | Prof. Jason H.C. Yang, Feng
18:00 - 18:15 Poly-caprolactone Composite Membrane for Heavy Metal | Chia University, Taiwan
) ) Pollutants Treatment in Industrial Wastewater
S-L. Tu and J.H.C. Yang
Application of continuous flow plasma brushes for inactivation of | Mrs. Weronika Babinska,
18:15 - 18:30 antibiotics from communal and industrial wastewaters University of Gdansk, Poland
) ’ W. Babinska, A. Motyka-Pomagruk, D. Terefinko, M. Caban, P.
Jamroz, P. Pohl, E. Lojkowska, W. Sledz and A. Dzimitrowicz
The Physical Effects of Plasma Medicine on Cells: Radio | Dr. Li Lin, The George
18:30 — 18:45 Frequency Stimulated Intercellular and Innercellular Mechanical | Washington University, USA
R Waves
L. Lin, X. Yao, D. Yan and M. Keidar
Antibacterial, biodegradable nanohybrids for therapy of chronic | Mr. Anton Manakhov,
18:45 — 19:00 wounds. Research Institute of Clinical

A. Manakhov, E. Permyakova and A. Solovieva

and Experimental Lymphology
Russia
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29 April 2022

Tribology 2022 Virtual session: Biotribology/ Green Tribology

Virtual Conference Session

Session’s Chairs:
Prof. Robert Wood, University of Southampton, UK
Prof. Jason Stokes, The University of Queensland, Australia

Learning from Nature: Discovering and Designing Bio-inspired | Prof. Daniele Dini, Imperial
09:00 - 09:30 | Solutions in Tribology College London, UK

D. Dini

Soft tribology, biotribology and viscoelastic lubrication: | Prof. Jason Stokes, The
09:30 - 10:00 | interpretation and application University of Queensland,

J.R. Stokes and Y. Xu Australia
10:00 - 10:30 Coffee Break

Session’s Chairs:
Prof. Jason Stokes, The University of Queensland, Australia

Using tribology to prevent skin injury and improve comfort Prof. Marc Marsen, Imperial
10:30 — 11:00 | M.A. Masen, J. Hayes, R.D. Jobanputra, K.K. Yap, M. Muraliand | College London, UK

Z.Tan

How to go green in tribology? Sustainability and resource | Prof. Carsten Gachot, Vienna
11:00- 11:30 | efficiency do matter in the 21st century! University of  Technology,

C. Gachot Austria
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SICT 2022 / PlasmaTech 2022 / Tribology 2022 Joint Conferences Posters

Posters are being displayed through the Virtual event solution.
Discussions are to be done through the system chat features available to the attendees.

N. Poster Title Author, Affiliation, Country
Modeling of surface morphology kinetics and nanostructures | Prof. Arvaidas Galdikas, Kaunas
1. | formation during binray thin film deposition University of Technoogy, Lithuania
A. Galdikas and G. Kairaitis
Development of functional coatings with anti-abrasion and anti-icing | Dr. Juliana Sousa, International
2. | properties Iberian Nanotechnology Laboratory,
J. P. Sousa and Y. Kolen’ko Portugal
3 Functional nanomaterial-based coatings for automotive industry Dr. Clara Ponte, International Iberian
" | C.Ponte and J. P. Sousa Nanotechnology Laboratory, Portugal |
Synthesis and characterization of GaN/ReS2, ZnS/ReS2 and | Dr. Boris Polyakov, University of
4 ZnO/ReS2 core/shell nanowire heterostructures Latvia, Latvia
" | E. Butanovs, A. Kuzmin, S. Piskunov, K. Smits, A. Kalinko and B.
Polyakov
Surface chemical and physical modification of PAM film induced by | Mr. DongWook Lee, Yonsei
5. | ion-beam irradiation for liquid crystal alignment University, Rep of Korea
D.W. Lee, J. H. Won, D. H. Kim, J. Y. Oh and D.-S. Seo
Self-improving  of  Protective  Thin Films Based on | Ms. Elizaveta Shmagina, Tallinn
6. | Perhydropolysilazane University of Technology, Estonia
E. Shmagina, M. Danilson, V. Mikli and S. Bereznev
Fabrication Multilayer Nanocoating for Marine Applications Mrs. Maria Caruso, CNR-ISTEC
7. | M. Caruso, A.Corozzi, F.Veronesi, M. Raimondo, V. Piazza, F. | Institute of Science and Technology
Garaventa and F. Castelli for Ceramic, Italy
Steam-corrosion resistance of polycrystalline Ag thin optical coatings | Mr. Georgiy Marchiy, loffe Institute,
8. | improving by grain-boundary segregation effect Russia
G. Marchii, D. Samsonov, I. Tereschenko, A. Guba and E. Mukhin
The Effect of Carbon Nanotubes on the Corrosion Resistance of Wa- | Dr. Jeaneth Corredor, Antioquia
9. | terborne Polyurethane-Acrylate Coatings University, Colombia
J. T. Corredor and L.F. Giraldo
Adhesion of polyurethane coatings with powder fillers on composite Mrs. Honorata Kapton, Wroctaw
10 substrates University of Science and Technology,
* | P. Mayer, H. Kapton, A. Dmitruk, M. Lubecki, K. Rosochacka and P. | Poland
Kus
Interactions of poly(ethyl-cyanoacrylate) with surfaces of aluminium | Mr.  Philipp  Moritz, Clausthal
11. | oxide and titanium oxide University of Technology, Germany
P. Moritz, L. Wegewitz and W. Maus-Friedrichs
Light Activated Inorganic Agents - the next generation of | Prof. Lia-Mara Ditu, University of
12 photocatalytic paints Bucharest, Romania
" | R. Bucuresteanu, V. Chihaia, B. Cojocaru, M. lonita, A. Ficai, L.M.
Ditu and G. Mihdescu
Colloidal and Thermal stability of Hybrid Waterborne Polyurethane | Prof. Luis Fernando Giraldo,
13. | Dispersions Prepared by Grafting Method University of Antioquia, Colombia
L. F. Giraldo, Jeaneth T. Corredor, Esneyder Ruiz, Victor H. Orozco
Antibacterial SnO2 coatings applied on Ti6AI7Nb alloy for applications | Prof. Marcin Basiaga, Silesian
14. | in bone surgery University of Technology, Poland
M. Basiaga, W. Walke and J. Lison
Ti13Zr13Nb alloy modified of tin dioxide by means of nanoPVD and | Prof. = Witold Walke, Silesian
15. | ALD methods for an implant used in the skeletal system University of Technology, Poland
W Walke, M. Basiaga and K. Goldsztajn
Optimization of laser parameters for the injection moulds cleaning Dr. Nuno Ferreira, Aveiro University,
16. | R. Santos, I. Marcelino, T. Ferreira, L. Pereira, F.M. Costa, N. M. Portugal
Ferreira
Design of polymeric coatings based on pH-sensitive acrylic | Ms. Lina M. Suarez Giraldo,
17 terpolymers with potential application in the treatment of colonic | University of Antioquia, Colombia

diseases.
L.M Suarez Giraldo, V. Orozco Lépez and L.F Giraldo Morales
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Enhancing sensitivity and reducing unspecific adsorption in fiber-

Dr. Anna Luongo, University of

18. | attached polymer hydrogels Freiburg, Germany
A. Luongo, T. Brandstetter and J. Rihe
The Influence of Yarn Fineness in Layer Interchanging Double Cloth | Prof. Ivana Schwarz, University of
19. | on Woven Fabric Roughness Zagreb, Croatia
I.Schwarz, T. Badrov, S. Kovacevi¢
20 Woven Fabric Roughness Conditioned by Weave Dr. Snjezana Brnada, University of
" | S. Brnada, A. Kalazi¢, S. Sabljak and T. Kaurin Zagreb, Croatia
21 Plasma vortices in the near Earth environment Dr. Khatuna Elbakidze, Thilisi State
" | K. Elbakidze University, Georgia
A plasma diagnostic package for spacecrafts with electric propulsion | Dr. Viktor Schneider, University Kiel,
22 systems Germany
" | V. Schneider, T. Trottenberg, H. Kersten, J. Laube, H. Henkel and R.
Wimmer-Schweingruber
Experimental Observation of plasma parameter and photoresist Dr. Ju Ho Kim, Hanyang University,
23 ashing in an inductively coupled plasma sources with MRWPT Rep. of Korea
* | antenna
J-H. Kim, Y-H. Hong and C-W. Chung
Experimantal observation of hysteresis in a neon inductively coupled | Mr. Young-Hun Hong, Hanyang
24. | plasma at low pressure University, Rep. of Korea
Y-H. Hong, T-W. Kim, M-Y. Lee, J-H. Kim and C-W. Chung
Spatial and Temporal Characterization of NO and OH Concentration | Mr. Lorenzo Ibba, EPFL University,
25 in a Nanosecond Pulsed Surface Dielectric Barrier Discharge Plasma | Switzerland
" | Using Picosecond Laser Induced Fluorescence
L. Ibba, P. F. Ambrico, F. Avino and I. Furno
26 Dielectric barrier discharge plasma reduction of iron oxides Mr. Viktor Udachin, Clausthal
" | V. Udachin, S. Dahle and W. Maus-Friedrichs University of Technology, Germany
Deposition in silicon trenches and porous substrate using Bipolar High | Mr. Caillard Amael, University of
27. | power impulse magnetron sputtering Orléans, France
S. Atmane, N. Rochdi and A. Caillard
Plasma / liquid interactions during low pressure plasma sputtering | Mrs. Soumya Atmane, University of
28. | deposition of Pt nanoparticles on liquid glycerol Orléans, France
S. Atmane, P. Brault and A. Caillard
Kinetic Monte-Carlo modeling of SiN:H thin film deposition by PECVD | Dr. Jerome Muller, University of
29, | ON complex substrates: characterization of air-connected porosity and | Namur, Belgium
" | improvement by ion beam assisted deposition
J. Miiller, P. Moskovkin and S. Lucas
The influence of the RF- power on the photocatalytic properties of thin | Ms. Daria Jardas, University of
30. | PE-ALD ZnO films deposited at room temperature Rijeka, Croatia
D. Jardas, R. Peter, I. Turel, M. Petravi¢ and A. Omerzu
Influence of adatoms on the titanium nano-cone formation during | Mr. Fabien Sanchez, University of
helium ion bombardment Basel, Switzerland
31 F. Sanchez, L. Marot, R. Antunes, R. Steiner, J. Spicher, P. Lattner,
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Continuous to Nanoflake MoS: Single-Layers: Characterization and
Sensing Applications using Optical Spectroscopies

A. de Andrés, S. Cortijo-Campos, L. Alvarez-Fraga, C. Prieto
Instituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco 28049 Madrid, Spain.

Abstract:

Raman micro-spectroscopy is probably the most
commonly used technique to characterize most
2D materials. However, defects, strain and dop-
ing produce modifications in the phonons that
can blur a straightforward interpretation of the
Raman spectra. MoS; is one of the most studied
bidimensional transition metal dichalcogenides
because of its excellent light absorption and
emission properties. 2D-MoS, has excellent per-
formance in a wide variety of applications related
to its optical characteristics, from photodetectors
[1] to biosensors [2]. Photoluminescence (PL) is
a key feature for most applications but its quan-
tum yield is maximum only for single-layers, due
to the direct to indirect bandgap transition occur-
ring from from one to two layers, being thus un-
detectable for few-layer samples. Therefore, high
quality single-layers are required in many cases.
Here we will present how the combination of Ra-
man, PL and optical transmittance micro-spec-
troscopies can provide detailed information on
the characteristics of 2D-MoS; over a wide range
of sizes (from continuous films to nanoflakes)
obtained by different techniques (CVD, PVT and
mechanical exfoliation). The complex Raman
spectrum of 2D-MoS2 is analyzed in detail re-

1. JF. Gonzalez Marin, et al. MoS2 photodetec-
tors integrated with photonic circuits. npj 2D
Mater Appl 3, 14 (2019).

2. K. Kalantar-zadehn, J. Zhen Ou, Biosensors
Based on Two-Dimensional MoS2, ACS
Sens. 1, 5, (2016)

3. S. Cortijo-Campos, P. Kung, C. Prieto and
A. de Andrés. “Forbidden and second order
phonons in Raman spectra of single and few-
layer MoS2 close to C exciton resonance ».
J. Phys Chem C 125, 23904, (2021)

4. S. Cortijo-Campos, C. Prieto and A. de An-
drés. “Size effects in single- and few-layer

vealing double resonance processes and the im-
pact of the substrate and the growth technique
3]

Micro-transmittance spectroscopy is an optimum
tool to reveal the changes in the electronic struc-
ture as the number of layers is reduced and much
less sensitive to defects/doping than PL. Combin-
ing these optical techniques we show that it is
possible to reveal relevant characteristics of sin-
gle and few-layers MoS; nanoflakes obtained by
CVD and PVT and their dependence on size [4].
The enhancement of the PL signal for single and
few-layer MoS: is a crucial aspect for sensing ap-
plications. We show that Ga and MoO; nanopar-
ticles on 2D-MoS; flakes provide PL and Raman
enhancement by SERS and charge transfer pro-
cesses [5]. Finally, we show that the modifica-
tions of the PL band of MoS; single-layer PVT
flakes modified with a thiolated DNA probe
complementary to the target biomarker can be
used as a specific probe to detect the biomarker
miRNA21c related to breast cancer [6].

Keywords: 2D-materials, TMDC, SERS, Raman
phonons, nanoflakes, optical sensing, biomedical
applications.
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cence enhancement of monolayer MoS2 us-
ing plasmonic gallium nanoparticles" Na-
noscale Advances 1, 884 (2019)

6. S. Catalan-Gomez, et al. “Breast cancer bi-
omarker detection through the photolumines-
cence of epitaxial monolayer MoS2 flakes”
Scientific Rep. 10, 16039 (2020)
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Post-Thermal Spray Coating Surface Modification and Potential
Industrial Applications

A. Amanov "*", Y.S. Pyun ?
! Department of Mechanical Engineering, Sun Moon University, Asan, Korea
2 Department of Fusion Science and Technology, Sun Moon University, Asan, Korea

Abstract:

Silicon carbide (SiC) coating is an advanced non-
oxide ceramic having unique mechanical, chem-
ical, thermal and electronic properties [1]. It is
commonly used in various high-temperature ap-
plications such as nuclear, aerospace, optical,
etc., where its hardness and fracture toughness
play the most important and critical role [2]. In
fact, it is possible to achieve a good SiC coating
by controlling the main parameters of thermal
spray parameters that have an essential effect on
its quality and overall properties. Over the last
decades, a lot of researchers used several surface
modification technologies to improve the me-
chanical and tribological properties and also fa-
tigue behavior of advanced ceramic coatings. For
example, LSP (laser shock peening), PLM
(pulsed laser machining), IB (ion bombardment),
MSP (micro-shot peening) and many other sur-
face treatment technologies were applied to ad-
vanced ceramic coatings and demonstrated
promise findings. In this study, an ultrasonic
nanocrystal surface modification (UNSM) is
considered one of the surface severe plastic de-
formation (S*PD) methods that has a plenty of
advantages over other surface modification tech-
nologies. This technology was applied to a SiC
coating sprayed by high velocity oxygen fuel
(HVOF) method. Figure 1 shows the cross-sec-
tional electron backscattered diffraction (EBSD)
images of the as-sprayed and UNSM-treated SiC
coatings. It can be observed that UNSM was able
to form a compacted and nanostructured surface
layer, whose surface hardness significantly in-
creased. Current study provides more compre-
hensive discussion on the improvement of tribo-
logical and fatigue properties of SiC coating.
Hence, it is expected that the UNSM can be con-
sidered as an alternative promising post-TS coat-
ing technology for potential high-performance
applications.

Keywords: SiC, HVOF, microstructure, grain
size, tribology, fatigue, industrial applications.

Fire 1: Crss—sectioa electron backscattered
diffraction (EBSD) images of the as-sprayed (a)
and UNSM-treated (b) SiC coatings
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The Energy Balance of Nano- and Microparticles during
Plasma Processing

H. Kersten'”
!Institute of Experimental and Applied Physics, Cnristian-Albrechts-University, Kiel, Germany

Abstract:

The origin of particle production during plasma
processing in respect to the formation of nano-
composite materials are (i) the generation of
large molecules, mesoscopic clusters and nano-
particles in the plasma bulk by chemically reac-
tive gases, and (ii) the formation and in- corpora-
tion of nanoparticles at surfaces (target, sub-
strate) by means of plasma-wall interaction (e.g.
sputtering, thin film deposition). The plasma pro-
motes particle formation by excitation and ioni-
zation as well as by dissociation and reaction of
the involved species in the gas phase, in particu-
lar, by electron collisions. Typical examples are
plasma polymerization and thin film deposition
in precursor-containing plasma enhanced chemi-
cal vapor deposition (PECVD) processes [1] or
sputtering of metal clusters [2].

Determination and understanding of energy
fluxes to nano- or microparticles, which are con-
fined in process plasmas, is highly desirable be-
cause the energy balance results in an equilib-
rium particle temperature which affects the nano-
particle properties [3]. A simple balance model is
used to estimate the energy fluxes between
plasma and particles on the basis of measured
plasma parameters, see Figure 1. Addition of mo-
lecular gases to rare gas plasma results in addi-
tional heating of the particles due to molecule re-
combination. The several contributions J which
affect the particle temperature are discussed in
detail. Of special interest are the energy transfer
by metastables and the recombination of charge
carriers and atoms, respectively, at the particle
surface which can result in remarkable heating
and subsequent crystallization of nanoparticles
related to the deposition of nano- crystalline thin
films [4]. By changing the gas composition, the
microstructure of the particles can be controlled
from mostly amorphous to diamond cubic crys-
talline.

Keywords: dusty plasma, nanoparticle growth,
energy balance, plasma diagnostic, plasma-
particle interaction
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Figure 1: Energy fluxes towards and from a par-
ticle in plasma determine its temperature.
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Graphene nanowalls grown on stainless steel
by inductively coupled plasma chemical vapor deposition

Enric Bertran-Serra', Stefanos Chaitoglou'?, Roger Amade Rovira'?,
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José Luis Andujar Bella'?, Angel Perez-del-Pino*, Eniko Giorgy’
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2 Institute of Nanoscience and Nanotechnology (IN2UB), Universitat de Barcelona, E-08028 Barcelona,

3 Dep. of Materials, Mechanical Engineering Faculty, Escuela Politécnica Nacional, 170525 Quito, Ecuador
4 ICMAB-CSIC), Campus UAB, E-08193 Bellaterra, Spain

Abstract:

It has become clear that it is possible to grow flat
graphene nanostructures from the gas phase on
planar substrates, but one of the keys to success
to produce a very large specific surface in a re-
duced space is the use of 3D carbon nanostruc-
tures (specifically, vertical graphene nanowalls,
VGNWSs) over a planar substrate, as a growth
template for the deposition of electrochemically
active materials, as for example, transition metal
oxides (TMO). Vertical graphene nanowalls, also
known as graphite petal-like, vertical graphene
flakes, or vertical graphene, can achieve a very
large specific surface area of 1100 m*/g, which is
comparable to or greater than that of carbon
nanotubes, which is reference material for its use
in high-performance supercapacitors or in other
energy-related applications requiring a large ac-
tive surface area. Vertical graphene nanowalls
also exhibit high vertical and in-plane electrical
conductivity when grown on metal electrodes,
which benefits their use in electrochemical appli-
cations. We are going to focus the discussion on
the growth of VGNWs on flexible stainless steel
substrates (SS310), in principle suitable for ap-
plications to electrodes of electrochemical sys-
tems (batteries, supercapacitors, catalysts), and
specifically we will discuss the effect of growth
temperature on morphological and structural
characteristics of graphene nanowalls grown on
these flexible substrates. For that, we present the
results of the analysis of the Raman spectra and
field emission scanning electron microscopy
(FE-SEM) of the VGNWs/SS310 samples ob-
tained by inductively coupled plasma chemical
vapor deposition (ICP-CVD), from methane as a
carbon precursor, in a wide range of temperatures
(575 to 900°C) (Fig. 1). Although the nanostruc-
tures of graphene nanowalls reported to date, in
general, are based on multilayered graphene,
what we want to highlight is the effect of temper-
ature on the number of atomic layers of GNW,
and that in the environment of 700-750°C, in the

plasma conditions that we have explored, vertical
graphene nanowalls are bilayer, which directly
affects the magnitude of the VGNW specific sur-
face.

Keywords Graphene, nanowalls, nanoflakes, 3D
vertical graphene nanowalls, graphite petal-like,
VGNW, bilayer and few-layer graphene, carbon
nanostructures, SS310, inductively coupled
plasma chemical vapor deposition, methane, Ra-
man, nanostructure morphology, supercapaci-
tors, and flexible electrodes.

tures corresponding to different growth temper-
atures on stainless steel .
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A comparative study of Ir(dmpq)2(acac) doped CBP, mCP, TAPC and
TCTA for phosphorescence OLEDs

D. Tselekidou', L. Panagiotidis', K. Papadopoulos', V. Kyriazopoulos?, M. Gioti""
Nanotechnology Lab LTFN, Department of Physics, Aristotle University of Thessaloniki, GR-54124,
Thessaloniki, Greece
2 Organic Electronic Technologies P.C. (OET), Antoni Tritsi 21B, GR-57001 Thessaloniki, Greece

Abstract:

Organic light-emitting diodes (OLEDs) are gen-
erally considered as an emerging technologies for
solid-state lighting, flat-panel displays but also
for sources in novel flexible and wearable appli-
cations. This is due to their unique properties,
including high efficiency, good color quality,
color selectivity and low manufacturing costs
through implementation of roll-to-roll processes.
OLED devices emitting red light are cutting edge
for biosensing applications. Heavy atom doping
is one of the most promising and challenging
methods amongst the various ways to control the
emissive characteristics. Doping regulates the
highest occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO) of
the host layer in addition to spin conversion of
exciton from singlet to triplet. This allows the en-
ergy bandgap to be adjusted to a desired level and
thus generates light corresponding to that energy
level. Moreover, it can act as an energy barrier
between the interfaces to change the flow of car-
riers. In this study, Bis(2-(3,5-dime-
thylphenyl)quinoline-C,N)(acetylacetonato)irid-
ium(III), also known as Ir(dmpq)2(acac), was
doped in various polymeric host materials such
as 4,4'-Bis(N-carbazolyl)-1,1'-biphenyl (CBP),
1,3-Bis(N-carbazolyl)benzene =~ (mCP), 1,1-
Bis[(di-4-tolylamino) phenyl]cyclohexane
(TAPC) and tris(4-carbazoyl-9-ylphenyl)amine
(TCTA). The produced films were characterized
in terms of their optical properties using Spectro-
scopic Ellipsometry (SE) and photophysical
properties using Photoluminescence (PL) Spec-
troscopy. Their final evaluation was derived by
their implementation in solution processed
OLED devices, which were characterized using
Electroluminescence (EL) Spectroscopy. We fo-
cused on their color purity (Figure 1) and selec-
tivity and significant comparative results were
obtained concerning their functionality and per-
formances.

Keywords: red OLEDs, Doping,
Ir(dmpq)2(acac), Ellipsometry, Photolumines-
cence, Electroluminescence, 4,4'-Bis(N-carba-
zolyl)-1,1"-biphenyl (CBP), 1,3-Bis(N-carba-
zolyl)benzene (mCP), 1,1-Bis[(di-4-tolylamino)

phenyl]cyclohexane (TAPC), tris(4-carbazoyl-9-
ylphenyl)amine (TCTA)
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Figure 1: The CIE color coordinates relative to
the EL spectra of the OLED devices with
Ir(dmpq)2(acac) doped emissive layers. In the
inset, the photograph of the OLED device with
CBP host material.
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Synthesis of freestanding porous alumina and metallic nanowires

S. Ionescu !, C. Gheorghiu I'D. Popal, V. Leca !
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National Institute for Physics and Nuclear Engineering (IFIN-HH), Magurele, Romania

Abstract:

Freestanding porous alumina with micrometer
size thickness, along with copper nanowires on
aluminium substrate and on gold foil were syn-
thesized by electrochemical methods, to be used
as targets for high power laser experiments. The
as-recevied aluminum plates were treated to re-
duce surface roughness to tens of nanometers, by
mechanical polishing, and to enhance metallic
grain size, by thermal treatments, prior to the an-
odization process. To grow the porous alumina
(Figure 1) with different characteristics (thick-
ness, pore diameter, interpore distance), process
key-parameters (such as: temperature, voltage,
electrolyte solution) were adjusted and opti-
mized. After the anodization process, the free-
standing alumina, obtained by detaching it from
the aluminum substrate by applying stair like re-
verse biases [1,2], has a thickness between 7-
100 um range, with pore diameter of 30 to
200 nm, 30-100 nm interpore distance and a den-
sity of 2-2.7 g/cm®. Synthesis of copper and
nickel nanowires by means of two routes is also
presented: direct current electrodeposition on
freestanding alumina and alternative current
pulsed electrodeposition on the alumina grown
on the aluminum substrate. In each step of the
fabrication process the samples were character-
ized using several surface characterization meth-
ods and elemental composition techniques, such
as: Scanning Electron Microscopy, Electron
Backscatter Diffraction, Atomic Force Micros-
copy, optical profilometry, optical microscopy,
and Energy Dispersive Spectroscopy. The free-
standing alumina with open pores on one side or
on both sides can be used as targets together with
metallic nanowires for high power laser experi-
ments, to increase laser absorption, energy con-
version, and the maximum resulted particle en-
ergy, as seen from Particle-in-Cell simulations
and previous experiments [3].

Keywords: freestanding alumina, anodization,
nanowires, electrodeposition, laser targets
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Figre 1: SEM mage of pous aluminum ode
with open pores on one side
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Tunable thermal and photochemical crosslinking of CHic-able diazo-
groups containing polyers
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Abstract:

Crosslinking of polymer networks and their at-
tachment to surfaces is a powerful tool to modify
the interaction between a material and the envi-
ronment. Many methods to achieve polymer net-
works include crosslinking during polymeriza-
tion or the use of external reagents. Some disad-
vantages, however, are that such materials cannot
be processed and that reagents may remain in the
network, which can diffuse into the environment.
A versatile way to overcome these challenges is
the C,H insertion based crosslinking (CHic) reac-
tion. A few dormant crosslinker molecules are in-
tegrated in a polymer which form reactive groups
through UV or thermal activation and react with
any C,H group in direct vicinity to form a net-
work. Simultaneously surface attachment occurs
when the surface has C,H bonds (Figure 1). Re-
active intermediates, which undergo this type of
reaction, are ketyl biradicals, nitrenes or car-
benes. One way to generate carbene intermedi-
ates is upon thermal or photochemical activation
of diazo-groups. This activation is controllable to
a certain extend through the chemical environ-
ment of the diazo group. With the use of acceptor
or donor groups, it is possible to tune the thermal
activation parameter through stabilization or de-
stabilization of the diazo group (Figure 2). The
photochemical behaviour is controllable using
the  —electron system to go from UV-activation
to activation via visible light. Through the control
of the diazo decomposition, it is possible to tune
the crosslinker activation parameter to the de-
sired application.

Keywords: polymer networks, crosslinking,
CHic, diazo, carbene, gels, surface attachment,
thermal/photochemical activation, chemical tun-
ing, donor/acceptor groups
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Figure 1: Figure illustrating the CHic reaction of
diazo groups to form surface attached polymer
networks. Polymers can be processed and coated
and then in situ crosslinked via thermal or pho-
tochemical activation.
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Figure 2: Figure illustrating the electronic struc-
ture of a phenylester diazo crosslinker (PEDAZ).
Donor groups on the aromatic ring facilitate di-
azo decomposition because the molecule is de-
stabilized due to too much negative electronic
charge density. Acceptor groups therefore stabi-
lize diazo decomposition.
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Dual-phase CuZr thin film metallic glasses (TFMGs) deposited by PVD magne-
tron sputtering: bias voltage and thickness dependency of structure, hardness,
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Abstract:

Bulk metallic glasses (BMGs) show appealing
mechanical properties including high hardness,
desirable corrosion resistivity, and thermal char-
acteristics[1],[2]. BMGs suffer from brittleness
due to their short-range structure and lack of the
dislocation-like crystalline defects. The thin film
configuration (TFMGs) has received a lot of at-
traction in recent decades due to additional inter-
esting properties as high strength, ductility some-
times beyond 10%, and notable corrosion and
wear resistance[3],[4]. In this study, the structure
of crystalline Cu/Zr and novel multilayered dual-
phase CuZr TFMGs deposited by PVD magne-
tron sputtering are compared for different depo-
sition conditions (0V, 100V, 150V, 200V bias
voltage) and various coating thicknesses (230nm,
420nm, 620nm, 700nm). Films characterization
has been done by XRD, SEM, TEM, XPS, and
Profilometer. Hardness and wear resistance rela-
tive to deposition conditions were studied by
nano-indentation and pin-on-disc respectively.
Improved mechanical properties are observed in
dual-phase CuZr TFMG sample in comparison
with crystalline Cu/Zr and mono-phase CuZr
films. According to our observation, increasing
bias voltage act as a double edge sword: it leads
to an increase in mechanical properties then de-
creases above 150V. Higher thickness leads to a
decline in mechanical properties. Overall, the
best mechanical properties were achieved for
150V bias and below 500nm dual-phase metallic
glass thin film.

Keywords: Metallic glasses, Thin films, Cu-Zr
alloys, Magnetron sputtering.

Figure 1: Hard enough Flexible CuZr TFMG
with columnar nano-structure.
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Abstract:

Hard and dense ceramic coatings deposited on
the surface through conventional powder flame
spray (CPFS) process provide ideal solution to
the poor tribological properties exhibited by
some popular stainless steels like EN-36, 17-4PH
etc. These steels are widely used in nuclear, fer-
tilizer, food processing, marine industries under
extreme environmental conditions. This CPFS is
generally accompanied by post fusion processes
like laser treatment,inductive heating, oxyacety-
lene flame heating etc. Post fused coatings ex-
hibit different properties than the as-sprayed
ones. The present study focuses on the compar-
ititve study of the properties of As-sprayed and
post processed Al,03-0.8 Ce0,-0.2 rGO coatings
deposited on 17-4PH steel using CPFS. The post
fusion is done by oxyacetylene flame.Figure 1
shows the microstructure and elemental mapping
of As Sprayed coating. Further, we report the
physical ( density, surface roughness, hydropho-
bicity),Metallurgical (SEM,XRD, Raman), Me-
chanical(Hardness), Tribological (wear, scratch
hardness, corrosion) characterization of both As-
sprayed and post proceesed coatings. The co-
maprision of the properties will help us to reveal
the necessity and challenges of post fusion of
such coatings.

Keywords: thermal spray process, CPFS, ce-
ramic coating, hardness, oxyacetylene heating,
post fusion
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Figure 1: Figure illustrating (a) Schemetic rep-
resentation of CPFS process , (b) SEM micro-
graph of Al,0;-0.8 Ce0,-0.2 rGO As -Sprayed
coatings and (c) and (d) are EDS and elemental
mapping of the same coating.
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Effects of 18 N1 (300) maraging steel coating by laser deposition on
LPBF AISI 316L component
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Abstract:

As a result of Additive Manufacturing (AM)
processes it is often possible to obtain
mechanical parts presenting poor surface quality
due to an unacceptable surface roughness or a
weak metallurgical structure. Looking for a
solution among laser-based and additive
manufacturing processes, very interesting
answers can be found in the laser remelting, laser
cladding and directed energy deposition
processes. These solutions have the capability of
improving the surface properties in agreement to
the design requirements and modifying the

surface shape by adding material for
reconfiguration, restoration, or repairing
operations.

This study was carried out on AISI 316L
components made by using the Laser Powder
Bed Fusion (LPBF) technology, which is a
process getting a growing interest from an
academic and industrial point of view. By means
of LPBF is possible to build parts having very
complex geometries, allowing a high freedom of
design. At the same time, it is possible to reduce
the time to market and realize a more sustainable
manufacturing for small productions volumes.
However, the large-scale deployment of this
process has been hindered by technical
challenges that still have to be overcome.

In order to fix these issues and explore the
capabilities of the laser treatments supported by
powder injection, a Directed Energy Deposition
(DED) coating, using 18 Ni (300) maraging steel
powder (Figure 1), and a subsequent heat
treatment were performed. The results revealed
the goodness of the coating and the improvement
of the surface properties in the LPBF component.
The microstructure at the interface between the
coating and the component was also analyzed.
Through the support of a coaxial optical
monitoring system, which enabled a real-time
monitoring of the process, a stable treatment was
obtained.

This study has several possible applications,
especially in manufacturing complex molds or
tools, even with internal cooling channels, which
can be coated in order to achieve enhanced
surface properties compared to the core, in terms
of wear resistance and hardness.

Keywords: Laser Powder Bed Fusion, 18 Ni
(300) maraging steel, Directed Energy
Deposition, Optical Process Monitoring, Heat
Treatment.
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Figure 1.

Schematic overview of the Directed Energy
Deposition system used for coating, equipped
with the optical setup deployed for process
monitoring and control.
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Properties of coatings and SPS sinters made of tungsten diboride al-
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Abstract:

Tungsten borides due to theirs properties can be
an alternative to superhard materials. While they
possess high hardness, chemical and thermal re-
sistance, they are easier to manufacture than dia-
mond and cubic boron nitride. Tungsten borides
in bulk form can be produced without employing
high pressures (>5GPa), and in case of coatings
there is no need to use processes with high
plasma density. Tungnsten boride properties can
be improved by alloying with various trasnsition
metals, e.g. titanium (Figure 1). To enhance the
properties of tungsten diboride (WB:), we have
synthesized and characterized solid solutions of
this material with titanium, chromium, molyb-
denum, rhenium and zirconium. The obtained
materials were subsequently deposited as a coat-
ings. Various concentrations of these transition-
metal (TM) elements, ranging from 0.0 to 24.0 at.
%, on a metals basis, were made. Spark plasma
sintering (SPS) was used to synthesize these re-
fractory compounds from the pure elements. El-
emental and phase purity of the both samples
(sinters and coatings) were examined using en-
ergy-dispersive X-ray spectroscopy (EDS) and
X-ray diffraction (XRD), and microindentation
was utilized to measure the Vickers hardness un-
der applied loads of 200 gf. XRD results indicate
that the solubility limit is below 8 at. % for Mo,
Re, Zr, and below 16 at. % for Cr. Above this
limit both diborides (W,TM)B; are created. Ad-
dition of TM caused decrease of density and in-
crease of hardness and electrical conductivity of
sinters. Deposited coatings WxTMBa., (x=0.24,
7z=0.2—0.07) are homogenous, smooth, and
hard. Coatings with addition of Mo, and Zr have
hardness above 40 GPa. Addition of Cr increased
the films hardness to 50 GPa. Coatings alloyed
with Zr exhibits fracture toughness values of 2.11
MPa*m'?, which is value similar to TiN or
CrN/TiN coatings.

Keywords: tungsten boride, superhard materials,
spark plasma sintering SPS, magnetron sputter-
ing
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Figure 1: Figure illustrating the increase of wear
resistance of tungsten diboride alloyed with tita-
nium.
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Surface Properties of Epoxy Coatings for Industrial Application
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Abstract:

During industrial application of mulitcoat epoxy
based paint systems, ambient cure conditions dic-
tating first coat properties are often varied, the
impact of which are not fully understood or char-
acterized. Epoxy-epoxy interfacial adhesion is
hypothesised to be influenced by first coat sur-
face properties (as is consistent with interfacial
chemistry'), so thorough first coat surface char-
actiersation is needed to understand adhesion
failure in two coat industrial epoxy systems. Var-
iation in ambient cure conditions (temperature
and relative humidity), stoichiometry and delay
time between epoxy component mixing and film
casting ("induction time") significantly altered
the surface properties of ambiently cured epoxy
resin coatings (DEN~431, RDGE and PAC-M).
Gravimetric analysis shows that induction time
significantly reduced surface layer formation
(carbamation) of cured epoxy resin coatings at el-
evated relative humidity (80%) but had no effect
at lower humidity (40%). RMS surface rough-
ness increases with increasing relative humidity
and decreases with increasing induction time and
ambient cure temperature, at two stoichiometric
extremes. However the net change in surface area
arising from these conditions was not sufficient
to significantly alter the equilibrium contact an-
gles or wetting regime. We therefore conclude
that the observed significant variation in surface
wettability was more likely to depend on varia-
tion in surface chemistry than roughness. Onset
ambient cure system Tg was unaffected by vari-
ation in relative humidity at both stoichiometric
extremes but increasing ambient cure tempera-
ture significantly increased off-stoichiometry on-
set ambient cure system Tg.

Keywords: epoxy, epoxy resin, polymer, coat-
ing, cure, cure conditions, stoichiometry

Figure 1: AFM 3D Images of on stoichiometry
DEN 431-RDGE-PAC-M films cured at (a) 0%
RH (b) 40% RH (c) 80% RH. In each case, ver-
tical scales have been optimised to highlight any
variation in surface height.
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Study of bioinspired super-hydrophobic polymer textured surfaces to
design fluorine-free high repellency textiles
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Abstract:

Due to sanitary and environemental considera-
tions, fluorine-free approaches have to be devel-
oped to maintain super-hydrophobic properties
of textiles at the horizon of 2030 in Europe. A
dual approach based on physical texturing and
fluorine-free chemistry is proposed.

Physical surface texturing is based on three
points:

- The determination of morphological and topo-
graphical parameters from models of the living
world through a bio-inspired approach;

- The implementation of a numerical code of an-
alytical modeling of the wetting of model tex-
tured surfaces as a tool to help the design of su-
per-hydrophobic patterns;

- The fine experimental study of the static and dy-
namic wettability properties of textured model
surfaces and the comparison with numerical
models.

Three plant surfaces are studied in the context of
a bio-inspired approach. The quantitative de-
scription of the surface topographic parameters
allows, through a frequency filtering approach, to
decompose the surface topography in several
scales. In order to separate the chemical compo-
nent from the topographic component, a PDMS
replication method is implemented. This method
allows the replication of the micrometric topog-
raphies and not the nanometric one. Due to the
micrometric scales, an increase of about 20° is
shown for the static contact angles, while at the
same time the contact angle hysteresis decreases
from 40° to about 10° after texturing [1].

The micrometric topographic parameters result-
ing from the biomimetic analysis are then incor-
porated into an analytical wetting modeling code
based on the Extrand’s approach [2]. This code
allows to model the wettability behaviors of
Wenzel and Cassie-Baxter modes. Wetting tran-
sitions between these two modes can be predicted
as a function of the topographic parameters mod-
eled.

Finally, the experimental wettability results con-
firm the importance of the multiscale aspects in
the wettability of textured surfaces as well as the
predictions of the wetting transitions obtained

with the analytical code. Moreover, the aniso-
tropic spreading on textured surfaces is also con-
firmed through 3D-goniometer wetting analyses
(Figure 1).

The coupling of the experimental tests with the
results of the analytical wetting modeling pro-
vides a new tool for the design of super-hydro-
phobic topographic patterns.

Coupled with the development of new molecules,
the topographic surface patterns obtained be-
come good candidates for water repellency of
fluorine-free textiles.

Keywords: super-hydrophobicity, surface tex-
turing, biomimetics, wetting, fluorine-free tex-
tile, polymer, femtosecond laser, PDMS replica-
tion, analytical modeling.
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Figure 1: Experimental evolution of the static
contact angle (0) as a function of the rotation an-
gle (). The gaussian-like evolution is modelled
through both experimental and mathematical
considerations of the droplet anisotropic spread-
ing.
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Abstract:

The reduction of electromagnetic radiation
(EMR) impact is very important for the protec-
tion of people frequently using electrical and
electronic devices which can emit electromag-
netic waves with frequencies that are potential
hazards to health. The most utilized range is the
microwave range, which can be defined as 1 - 40
GHz, as most of the modern point to point, wire-
less, and satellite communications occupy this
range. Electrically conductive fabrics with partic-
ular EMR shielding properties not only offer an
opportunity to counter these threats, but also can
be applicable to develop radar absorbing materi-
als (RAM), for use in the field of stealth technol-
ogy to disguise a vehicle or soldier from radar de-
tection.

In this study the results of development and in-
vestigation on different textile fabrics coated
with conductive coatings are presented. Textile
materials with incorporated conductive additives
or coated with special conductive formulations
are electrically conductive and therefore interact
with the electric component of electromagnetic
waves (EMR). Among EMR shielding textile
materials only materials with substantial contri-
bution to shielding from absorption have the po-
tential to be used as RAM. To develop the fabrics
with microwave shielding and absorbing proper-
ties samples of woven and knitted fabrics were
coated with compositions containing inherently
conducting polymers (ICPs), carbon-based for-
mulations or their mixtures. For coating conven-
tional textile coating technologies - screen print-
ing and knife-over-roll, were applied. The inves-
tigation of reflection and transmission properties
of developed textile fabrics was performed in a
frequency range of 2—18 GHz.

It was found that shielding effectiveness (SE) as
well as absorption properties depend not only on
the amount and type of conductive formulation
topped on the fabric, but also resides in the con-
struction parameters of fabrics and their finishing
before coating. Depending on such fabric struc-
tural parameters as—density, mass per unit area,
type of weave, layer of shield (or coating) just

nia

sticks on the fabric surface or penetrates into fab-
ric changing the shield thickness herewith turn-
ing SE results. Meanwhile, the fiber composition
of fabrics mostly influences the bonding between
fibers and coating. By controlling coating deposit
on the fabric, it is possible to tune the electrical
properties to a certain extent and hereby influ-
ence the reflection and transmission parameters
of the coated textile material. The type of coating
technology also influences the electromagnetic
parameters of fabrics coated with the same com-
position.

This research has been carried out within the Pro-
ject ACAMSII, “Adaptive camouflage for the
soldier”, which has received funding from the
European Union’s Preparatory Action for De-
fence Research (PADR) programme under grant
agreement No 800871.

Keywords: clectromagneti radiation, micro-
wave range, shielding, coating, deposit, reflec-
tion, transmission, textile, inherently conducting
polymers
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Abstract:

Nickel-chrome based alloy Inconel 625% is widely
used in high temperature environments. Its high good
behavior at high temperature [1] allows its usage in
many industrial devices , such as thermal exchangers.

Many papers [2-3] were devoted to the behavior of In-
conel 625® in air, oxygen and sulfur dioxide but none
in CO2 which represent a significant part of the indus-
trial gas environment encountered such as in the waste
to energy plants. The present study focused on this
topic, mainly in order to understand the first stages of
this alloy oxidation in COsz.

A common quality Inconel 625® has been used. The
oxidation isotherms, followed between 1173 and
1273 K in flowing COz at atmospheric pressure, ex-
hibited parabolic shapes, associated to an activation
energy of 310 = 18 kJ.mol-1. Concerning the influ-
ence of CO;z pressure, it was shown that there was not
any influence on the reaction rate, up to pressures as
low as 0.01 Pa.

The main phase formed was chromia Cr20s3, with
XRD pics shifted, which indicated the presence of
traces of other alloy elements inside its structure. On
this basis, the reaction considered was simplified fol-
lowing the equation (1):

2 Cr(s) + 3 COa(g) = Cr03(s)+3 CO(g) (1)

The reaction mechanism proposed implies the disso-
ciative sorption of carbon dioxide at the external inter-
face, the outer growth of the oxide layer, accompanied
by the chrome oxidation at the internal interface fol-
lowing the equation (2) (using the Kroger-Vinck for-
malism):

2 (CrCr)alloy"‘ 300 = (2 CI'Cr,300)oxide+ 2(VCr)alloy (2)

and, lastly, the centrifugal diffusion of chromium at-
oms in Inconel 625% (i.e. the centripetal diffusion of
the chromium vacancies).

It was proved that this last step of vacancies diffusion
inside the alloys was the limiting step of the oxidation
reaction.

This result is not in agreement with what is generally
admitted in the case of the oxidation of chromia form-
ing alloys, in oxygen or air as well as in COz. Indeed,
it is usually considered that the stainless steel alloys
are passivated by the chromia oxide layer, while, in
the present study, it was demonstrated that this layer
played not the main protection role for the alloy.

Keywords: Inconel 625®, CO,, Kinetics, Oxida-
tion, FIB-SEM

Figure 1: Cross-section of Inconel 625® oxi-
dized at 1223 K, with (a) chromia layer, (b) Nb-
phase, (c) Inconel 625®
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Abstract:

Polymeric nanofibers have promising properties
for medical applications and Tissue Engineering.
These are high specific surface area, adjustable
pore size, and scale of extracellular matrix. How-
ever, they lack mechanical strength and stability,
therefore often need a substrate for bearing the
load and giving stability. In medical applications,
this is often a metallic material like a stent or me-
tallic surface of an implant. The integration of
nanofibers and the adhesion between the two
structures has not been sufficiently researched
until today. Therefore, this study aims to find a
method to evaluate the adhesion between a metal
substrate and polymeric nanofibers from electro-
spinning and develop methods for improving the
adhesion to a sufficient level.

Nanofibers from thermoplastic polyurethane
(TPU) were produced using the solution electro-
spinning method. Electrostatic forces are used to
draw fibers with diameters on the nanometer
scale from a polymer solution and produce
nonwovens out of it in this technology. The nan-
ofibers were directly spun on a cleaned and pre-
pared Nitinol plate. The samples were tested in a
180° peel test according to DIN EN ISO 11339
and mean peel forces calculated from the stress-
strain curves. The results for bare Nitinol plates
were set as the baseline. Additionally, methods
for adhesion and bonding improvement were
tested. Heat treatment and solvent vapor treat-
ment as a post-treatment, film coating with TPU,
and argon plasma treatment as a pretreatment
were used.

All methods were able to increase peel forces sig-
nificantly. The untreated coated samples have a
peel force/width of 99.8 = 29.5 mN/cm and the
highest measured peel force/width appears for
the precoated samples of 556.6 £ 211.7 mN/cm.
Hence, the maximal increase of peel force/width
in this study was around 5.5 times.

Keywords: electrospinning, nanofibers, Nitinol,
stent coating, adhesion, plasma treatment, peel
force.

Figure 1: Nanofiber covered Nitinol struts from
the uncoated side. a) and b) show hallway peeled
of nanofiber coatings. In a) the nanofiber coating
is sticking to the struts and in b) it is not. ¢) and
d) are upclose pictures of the Nitinol struts,
showing the nanofibers wraped around the struts.
This increases the adhesion due to form fit and
bonding compared to the adhesion between a
plate and a nanofiber coating.

References:

1. Ballarin, F.M., Blackledge, T.A., Capitos
Davis, N.L., Frontini, P.M., Abraham, G.A.
and Wong, S.-C. (2013), Effect of topology
on the adhesive forces between electrospun
polymer fibers using a T-peel test. Polym
Eng Sci, 53, 2219-2227.

2. Hellert C, Wortmann M, Frese N, Grotsch G,
Cornelilen C, Ehrmann A. Adhesion of
Electrospun Poly(acrylonitrile) Nanofibers
on Conductive and Isolating Foil Substrates.
Coatings. 2021; 11(2):249

3. Zhang, B., Yan, X., Xu, Y., Zhao, H., Yu,
M., Long, Y. (2020) Measurement of Adhe-
sion of In Situ Electrospun Nanofibers on
Different Substrates by a Direct Pulling
Method. Advances in Materials Science and
Engineering, 2020, 8 pages

Page 20



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Effect of the detonation spraying technological parameter on the phase
composition and properties of Cr3Cz- NiCr coatings
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Abstract:
The application of protective coatings to improve
the mechanical, physicochemical and

tribotechnical properties of metals and alloys and
products made from them is an urgent field of
materials science, solid-state physics, plasma
physics, chemistry etc. Cr3C,-NiCr coatings are
widely used to protect against the wear of working
bodies at high temperatures. The plastic metal
matrix NiCr served as a binder supporting the
brittle reinforcing phase Cr3C,. The paper considers
the results of a study of the phase composition and
properties of detonation coatings based on Cr3;Cs-
NiCr, obtained at different values of the detonation
barrel filling volume with an explosive acetylene-
oxygen mixture. The detonation barrel filling
volume with an explosive gas mixture varied from
51% to 64%. Detonation coatings based on Cr;Cs-
NiCr, at different filling volume values
(51%,58%,64%) were obtained on a computerized
detonation spraying complex of the new generation
CCDS2000 (Figure 1). The samples microhardness
was measured on the Metolab-502 device. The
coatings tribological characteristics were studied
on the Anton Paar TRB? tribometer by the ball-disc
method. The coatings surface roughness was
evaluated using Ra's parameter on the profilometer
model 130. The samples phase composition was
studied by X-ray diffraction analysis on an
X'PertPro diffractometer.The study results of the
samples phase composition showed that all samples
have component phases: Cr;Cs, Cr;04, Cr2O3; and
Cr23 Cs, but from the diffractograms, it can be seen
that, depending on the barrel filling volume, the
phase compositions intensity of the coatings varies.
This may be due to the high heating temperature of
the powder during spraying since the heating
temperature of the powder strongly depends on the
barrel filling volume. The tribological tests showed
that all coatings have a friction coefficient in the
range of 0.06-0.45. The coating obtained when
filling the barrel in 58% showed relatively low
wear (0.27). This is due to an increase in the
volume fraction of the Cr»Oj; phase. It is determined
that the surface of all coatings have an
inhomogeneous structure with pores, a typical
layered, undulating arrangement of structural

components. As the main parameter for measuring
surface roughness, the parameter Ra was chosen,
which is the arithmetic mean deviation of the
profile. The study results of the roughness of the
coatings showed that the effect of filling the
detonation barrel with an explosive mixture on the
roughness is insignificant. =~ The microhardness
study results showed that the coating obtained at
58% filling has a high hardness of 1125HV. This
may also be due to an increase in the volume
fraction of Cr,O3, which has good wear resistance.

Keywords: detonation spraying, coatings, hardness,
roughness, phase composition.

Figure 1: Computerized detonation spraying
complex of the new generation CCDS2000
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Hybrid nanostructures for (photo)electrochemical water splitting
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Abstract:

The production of energy through solar light har-
vesting and conversion is considered among the
most promising options for tackling the growing
need for energy on global scale and environmen-
tal concerns caused by the huge dependence of
the energy demand on fossil fuels. In spite of the
social relevance of these energy-related issues,
finding valuable alternatives to the use of oil-
based energy sources remains highly challenging
and thus sustainable technologies are still far
from commercial and industrial applications.
Semiconductor metal oxides (e.g., TiO, a-Fe;Os,
BiVOy) are the most widely adopted materials for
the conversion of solar energy into transportable
chemical energy such as di-hydrogen (H») pro-
duced via the photocatalytic and photo-electro-
chemical (PEC) splitting of water. Nowadays, the
scientific research is mainly focused on the de-
velopment of effective strategies that could cou-
ple (i) light absorption, (ii) steady-state produc-
tion and transfer of photogenerated charge carri-
ers, and (iii) solar water splitting reaction into one
single device, and on the engineering of compo-
site assemblies that could maximize the effi-
ciency of the single processes. Unfortunately,
none of the previously mentioned metal oxides
simultaneously meet the thermodynamic and ki-
netic requirements that would ensure a high per-
formance in the mutually interconnected (i) — (iii)
processes.

This presentation will deal with the design and
realization of hybrid nanostructuress, in which
selected components are arranged to leverage
their expected mechanistic functions. In particu-
lar we aim at covering the lack of efficient multi-
functional PEC materials and devices by: 1) con-
trolling dimensionality (i.e., 1D - 3D) for im-
proved charge transport directionality; ii) engi-
neering hybrid nanostructures (HNS), that could
provide enhanced water splitting efficiency
through the synergistic combination of the single
semiconductor counterparts’ properties; iii) se-
lecting novel co-catalysts/sensitizers, to boost
charge transfer processes and to extend light ab-
sorption properties

Keywords

Hydrogen, Water splitting, Photoactive semicon-
ductors, Hybrdi nanostructures, single atom co-
cataysts

Metal ions
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Figure 1: The presentation describes a strategy
how to incorporate single atoms co-catalysts into
photoactive semiconductors (1D and 2D mor-
phologies) based on controllable defect nano-en-
gineering.
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The effect of cold plasma and fs-laser generated plasma surface treat-
ment on the wettability of high strength steel and the strength of the
overlap bonded joint
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Abstract:

The strength and quality of an adhesion bonding
technology can be traced back to the bonding of
the binder on the surface of the materials to be
bonded. In a similar way to characterising the ex-
tent to which a liquid can spread over the surface
of a material, this spreading can be characterised
by the wetting phenomena and the surface energy
of the material under test. If a liquid with a known
surface tension is dropped onto a material to be
tested, it will take on a geometry as a conse-
quence of the wettability of the surface, which
will be completely spread out in the case of good
wetting, i.e. in the hydrophilic state, while in the
bad state it will take the form of a droplet. From
the contact point of the droplet we can determine
the wetting contact angle of the liquid. The
smaller this angle value, the higher the surface
energy of the material under test, which predicts
that the strength of the adhesion technology ap-
plied to the surface will be higher. In most cases,
the materials used in the modern automotive in-
dustry have poor wetting properties. However, by
using the right preparation and surface treatment
process, we can influence the wettability values
in a way that is favourable to us.

Such mechanical surface treatment processes in-
clude ore dressing and granulation, while chemi-
cal processes such as etching and soaking are
common. Due to the high quality, aesthetic and
environmental regulations in the automotive in-
dustry, it is preferable to use processes that do not
cause aesthetic deterioration. High energy den-
sity surface treatments such as plasma and laser
beam treatment can be a suitable solution to op-
timise the bonding of surfaces. These are the
most advanced surface treatment methods avail-
able to the automotive industry today, but have
been little addressed. A particularly interesting
area is the development of bonding of high
strength steels by cold plasma and femtosecond
laser beam treatment. Both surface treatments in-
volve the application of a plasma beam to the
steels to be surface treated. In the case of cold
plasma jets, the effect is exerted by the jets exit-
ing the surface treatment machine. In the case of
the fs laser beam, the laser power of over

1000 MW causes the steel surface layer to
change immediately from the solid state to the
plasma state, thus treating the surface and pro-
ducing a special surface texture. In this research,
surface treatment experiments were carried out
on DP600 high strength steel and the topograph-
ical characteristics of the altered surfaces and the
effect of the treatments on wetting were investi-
gated. By bonding the hydrophilic surface mate-
rials achieved by the treatments with 2K epoxy,
interleaved bonds were created, and the shear
strength of the bond was determined by tensile
testing. The bond strength of the bonded joints of
the surfaces interacting with the plasma flow was
increased several-fold.

Keywords: cold plasma, surface treatment, high
strength steels, wettability, Fowkes, adhesive
bonding.
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Influence of cold plasma surface treatment of HIPS and PA6 based
nanocomposite polymers on wetting properties and 2K epoxy and 2K
hybrid adhesive joints
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Abstract

Today's innovative surface technology processes
offer a wide range of surface preparation options,
allowing engineers to make major changes to the
properties of products. Surface modification can
also improve the quality and thus the strength of
the bond created by technologies such as bond-
ing, painting, coating, sealing and other pro-
cesses based on adhesive bonding.

Rapidly evolving materials research processes
often result in materials with highly advanta-
geous properties but sub-optimal interfacial
properties, thus limiting their adaptability to dif-
ferent technologies. By activating the molecular
groups on the surface, wetting properties can be
improved, while by changing the microtopogra-
phy of the surface, roughness and texture proper-
ties can be created. An example of a fast, well-
automated, clean and flexibly controllable form
of surface modification suitable for industrial
conditions is plasma surface modification.
Plasma surface modification is a popular topic in
polymer technology and is widely used in the sur-
face activation of polymer products. Although it
leaves the topography almost intact, leaving its
potential for modification untapped, the intensity
of the treatment can be optimised by the speed of
the plasma jet nozzle feed and its distance from
the surface. This avoids the degradation of the
HIPS (High Impact Polysterene) and polyamide
matrix material used. In addition to HIPS and
PA-6, the effect of the appearance and increasing
amount of carbon nanotubes, widely used and
studied in industry and academia, was also inves-
tigated.

The changes in interfacial phenomena can be in-
vestigated using the room temperature quiescent
drop method wetting procedure. By measuring
the wetting boundary angles during the process
using ethylene glycol and distilled water, the re-
sults can be used to calculate the surface free en-
ergy of the modified surface in mN/m according
to Fowkes' interfacial energy theory. To demon-
strate the improvement in adhesion of specimens
with good wetting surfaces, a series of bonding
experiments should be carried out to demonstrate

the changes in strength as a result of surface treat-
ment. In addition, the technical benefits of modi-
fying the topography can be characterised by in-
vestigating the block surfaces.

The aim of my research is to improve the bonding
technology of HIPS and polyamide matrix nano-
composites, looking for a surface treatment solu-
tion that does not limit the bonding technology to
the use of difficult to bond materials with low
wetting properties.

Keywords: cold plasma, surface treatment, high
strength steels, wettability, Fowkes, adhesive
bonding.
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Controlling Atmospheric Pressure Plasma Interactions
with Solids and Liquids
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Abstract:

The use of atmospheric pressure plasmas (APPs)
for chemical conversion, plasma catalysis and bi-
omedical applications emphasizes the need for
controlling the plasma produced reactant fluxes
incident onto surfaces. Unlike low-pressure
plasma materials processing, the short mean-
free-paths at atmospheric pressure provide a syn-
ergetic feedback that can affect the properties of
the plasma. Liquid surfaces provide a feedback
through evaporation, and changes electrical prop-
erties.

In this presentation, results will be discussed
from computational investigations of APPs inter-
acting with solid and liquid surfaces. These in-
vestigations were conducted with 2-dimensional
and global (plug flow) modeling platforms which
include plasma and gas dynamics, radiation
transport, and surface and liquid chemistry.
Plasma interactions with several classes of sur-
faces will be discussed: a) electrolytic solutions
as used in materials synthesis, b) polymers, ¢) bi-
omedical solutions and d) complex (nonplanar)
surfaces. Each class of surface presents particu-
lar challenges. For example, when treating com-
plex (non-planar) dielectric surfaces, the charg-
ing and polarization of the surface feeds back to
the plasma, making uniform exposure of the sur-
face difficult. (See Figure 1.) The plasma in-
duced properties of biomedical solutions are sen-
sitive functions of the entrainment of air into the
plasma plume, that in turn effects pH and the bi-
ocidal properties of the solution. The conductiv-
ity of electrolytic solutions affects plasma prop-
erties through limiting current similar to

dielectric barrier discharges. Limiting current
then determines the rate of electron solvation, an
important parameter in the reduction of ions for
materials synthesis.

Air - e t=24ns t=27ns
[e].1x 107 -3 x 10 "em . log
V=-12kV,e=10

- 500 um »
a)

Dielectric, Ah = 0 wm

t=25ns

m {
§

« 500 um

b) pm = Dielectric. ah =50 um | | g

t=26ns

Min“' I N B Max

Figure 1: A negative, atmospheric pressure (hu-
mid air) surface ionization wave (SIW) propa-
gating across a wavy dielectric surface. The
SIW detaches from the surface by launching new
bulk ionizations waves due to electric fields pro-
duced by surface charging and polarization of
the surface.

Keywords: atmospheric pressure plasma,
plasma-surface interactions, plasma-liquid inter-
actions, radiation transport, modeling, simulation
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Plasma spraying related modelling and experimental studies
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Abstract:

Plasma spray torches are widely used in indus-
trial applications concerning the deposition of
protective and functional coatings. The quality
and the properties of the produced coatings result
from the processes on the entire chain: the oper-
ation conditions of the plasma torch, which are
related to the characterictics of the electric arc
and the generated plasma jet; the feeding of the
powder material and its behavior in the plasma
jet; the deposition of the molten particles on the
target.

This work presents an overview of the modelling
and experimental studies carried out on a plasma
spray torch and on the processes in the plume of
the plasma jet, where the powder material is in-
jected (Figure 1).

The electric and thermal characteristics of the di-
rect current plasma torch FAMB-XL (Oerlikon
Metco) are studied for a steady operating mode
by means of a magneto-hydrodynamic (MHD)
model [1] that couples a submodel of a refractory
cathode and its non-equilibrium boundary layer
to a submodel of the plasma in local thermody-
namic equilibrium in a self-consistent manner. It
was found out that an appropriate description of
the flow accounting for Mach numbers beyond
0.3 is essential for the agreement of the model
predictions with experimental findings.

The simulation results are used to analyze the
erosion of the refractory cathode made of doped
tungsten [2]. A model of the ionization layer of
the cathode and the evaporation of tungsten at-
oms is considered in order to study the transport
of the evaporated atoms and to estimate the loss
of cathode material. The model’s prediction was
found to be in a fairy agreement with measured
values.

The behavior of the powder material injected into
the plume of the plasma jet is studied by means
of a model for particle tracing. This model ac-
counts for heating and melting of the particles
and allows one to obtain the particle trajectories,
velocities, and temperatures. Statistical distribu-
tions of the particle size, angle and velocity of in-
jection based on the real experimental conditions
are taken into account.

The modelling and experimental studies are car-
ried out in the framework of a project funded by

the European Union and the Federal State of Ger-
many Mecklenburg—Western Pomerania (Pro-
ject number TBI-V-1-321-VBW-112).

Keywords: plasma spray torch, magneto-hydro-
dynamic simulation, transport of evaporated ma-
terial, cathode erosion, particle tracing, electric
and thermal measurements.

Figure 1: This figure explains the main parts of
the study that will be presented: the MHD simu-
lation of the plasma torch and the determination
of the arc parameters; the modelling of cathode
erosion; the tracing of powder particles fed in the
plasma jet for spraying, experimental findings
concerning the electric and thermal torch charac-
teristics, properties of the powder particles.

References:

1. Baeva, M., Zhu, T., Kewitz, T., Testrich, H.,
Foest, R., Journal of Thermal Spray
Technology (2021), DOI 10.1007/s11666-
021-01261-4.

2. Baeva, M., Benilov, M. S., Zhu, T., Testrich,
H., Foest, R.: Modelling and experimental
evidence of the cathode erosion in a plasma
spray torch, Journal of Physics D: Applied
Physics (to be submitted).

Page 27



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Non-Thermal Plasma Sources Based on Cometary and Point-to-Ring
Discharges

Eliska Lokajova', Josef Khun', Anna Machkové', Petra Kasparova', Myron Klenivskyi'", Eva Vaii-
kova!, Pavel Galaf?, Jaroslav Julak'* and Vladimir Scholtz!

'Department of Physics and Measurements, University of Chemistry and Technology, 16628 Prague,
Czech Republic
2Departrnent of Thin Films and Nanostructures, Institute of Physics, Czech Academy of Sciences,
16200 Prague, Czech Republic
*Institute of Immunology and Microbiology, First Faculty of Medicine, Charles University and Gene-
ral University Hospital, 12800 Prague, Czech Republic

Abstract:

A Non-thermal plasma (NTP) is a promising tool
against the development of bacterial, viral, and
fungal diseases. The recently revealed develop-
ment of microbial resistance to traditional drugs
has increased interest in the use of NTPs. We
have studied and compared the physical and
microbicidal properties of two types of NTP
sources based on a cometary discharge in the
point-to-point electrode configuration and a
corona discharge in the point-to-ring electrode
configuration (Figure 1). The electrical and emis-
sion properties of both discharges are reported.
The microbicidal effect of NTP sources was tes-
ted on three strains of the bacterium Staphylo-
coccus aureus (including the methicillin-re-
sistant strain), the bacterium Pseudomonas aeru-
ginosa, the yeast Candida albicans, and the
micromycete Trichophyton interdigitale. In ge-
neral, the cometary discharge is a less stable
source of NTP and mostly forms smaller but
more rapidly emerging inhibition zones on agar
plates. Due to the point-to-ring electrode confi-
guration, the second type of discharge has higher
stability and provides larger affected but often
not completely inhibited zones. However, after
60 min of exposure, the NTP sources based on
the cometary and point-to-ring discharges
showed a similar microbicidal effect for bacteria
and an individual effect for microscopic fungi.

Keywords: Candida albicans; corona discharge;
Pseudomonas aeruginosa; microbicidal effect;
Staphylococcus aureus; Trichophyton interdigi-
tale
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Figure 1: Figure illustrating the volt-amper
characteristics and relevant images of the come-
tary discharge point-to-point (a) and point-to-
ring discharge (b)
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Abstract:

In recent years, there is a growing interest for the
potential of plasma technologies to split CO; into
CO and O and convert it into value-added prod-
ucts. Oxygen atoms in the effluent may trigger
back reactions, reducing the overall yield and ef-
ficiency, as well as are incompatible with desired
follow-up chemistry such as Fischer-Tropsch'?.
In this regard, a promising route is to use solid
carbon (e.g. biochars) after the plasma reactor,
which can be oxidized by O and/or O, to produce
CO, further increasing the CO yield, and remov-
ing the O, from the product mixture. Although it
has been experimentally proven that carbona-
ceous materials are effective options, more in-
sight is needed to demonstrate their full potential
and identify the relevant mechanisms underlying
the O, removal. In this respect, modelling is a
very useful tool to predict the chemistry, espe-
cially when this is inaccessible experimentally.
Zero-dimensional (0D) chemical kinetic models
are the method of choice to study the contribu-
tions of different chemical reactions occurring in
plasma ignited in complex gas mixtures’. There-
fore, we validate a 0D kinetic model with gasifi-
cation experiments, in order to get insights into
the reaction pathways for carbon oxidation in the
presence of O,, CO; and CO and the deactivation
of the carbon bed, with consequent decrease in
selectivity towards the latter.

Keywords: CO; conversion, CO» utilization, car-
bon gasification, plasma, reverse Boudouard re-
action, oxygen removal, charcoal, modelling, de-
tailed chemistry.

Plasma co Carbon bed

O(g)/0,(g) + C(s) -> CO(s) )
1 "CO,(g) + C(s) > CO(s)+ COlg) co
0, "0,(g)+CO(s) > CO,(g) + Og)

CO(s) - CO(g)

co,

Figure 1: Schematic of the mechanism of carbon
gasification in the post CO; plasma region, lead-
ing to enrichment of CO in the product mixture.
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Behaviour of Electric Arc in Plasma-Chemical Reactor
During Hazardous Waste Processing

V. Grigaitiené, D. GimZauskaité, V. Valincius, R. KéZelis, R. Uscila, 7. Kavaliauskas

Lithuanian Energy Institute, Plasma Processing Laboratory, Lithuania

Abstract:

This paper presents the electrical characteristics
and optical images of DC electric arc behaviour
in plasma chemical reactor (PChR) during vari-
ous hazardous waste processing (Figure 1). A
novelty of this research is the employment of
atmospheric pressure DC plasma torch with a
free burning electric arc for waste treatment in a
volume reactor [1].

Figure 1: The schematic representation of
plasma-chemical reactor. 1 — raw material in-
put, 2—cooled block, 3 — plasma torch, 4 — probe
for gas temperature measurements, 5 — inner
high-temperature insulation layer, 6 — graphite
anode, 7 — cooling water in, 8 — probes for out-
let gas temperature, content and spectra meas-
urements, 9 — high-speed camera, 10 — arc col-
umn, 11 — insulating base.

During the waste treatment, the liquid phase of
recyclable materials and the gas phase with very
fine solids particles exist in the reactor. The
amount and size of melted domains and particles
mainly depend on waste nature and arc column
parameters. Plasma forming gas with a high
concentration of fine solids particles in the sur-
rounding of the arc causes the destabilisation

and fluctuations inside the reactor. This affects
the current, voltage and shape of the electric arc
column, which in turn determines the unstable
PChR operating in general. The electric arc can
diffuse in different areas and places of the reac-
tor chamber. In turn, these effects change the
shape and burning area of the arc spot, which
greatly influences the energy transfer to recy-
cling material. Since the amount of experimental
data on arc characteristics and parameters dur-
ing plasma processes is limited, this paper pre-
sents the results of an experimental investigation
on the influence of waste nature and composi-
tion on the electric arc characteristics in PChR
at atmospheric pressure. The conditions for sta-
ble arc operating in plasma chemical reactor
during various waste treatment at atmospheric
pressure, their spatial, electrical and optical
characteristics are established. It has been
shown that the stable arc burning process de-
pends also on arc column length. Results, ob-
tained during the processing of various mixed
wastes, show the capability to recycle them into
nonhazardous molten and gaseous states using a
plasma chemical reactor.

Keywords: plasma, plasma chemical reactor,
electric arc, hazardous waste

References:

1. ValinCius, V., Kézelis, R., Gimzauskaité,
D., Grigaitiené, V., Valatkevicius, P. The
investigation of an electric arc in a plasma
chemical reactor for hazardous waste treat-
ment. Journal of Chemical Technology and
Biotechnology Vol 95, (2020) 450-456.

Acknowledgement

This research (project no. 01.2.2-LMT-K-718-
01-0069) is funded by the European Regional
Development Fund according to the supported
activity ‘Research Projects Implemented by
World-class Researcher Groups’ under measure
no. 01.2.2-LMT-K-718.

Page 31



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Global plasma modelling of PECVD growth of Si0O: films for optical
applications

K. Tomankova ' , N. Rivolta ®, A. Obrusnik !

! PlasmaSolve company, Brno, Czech Republic
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Abstract:

This contribution presents a simulation study of
plasma-enhanced chemical vapour deposition
(PECVD) of SiO, from HMDSO (hexamethyl-
disiloxane) in large-scale industrial coaters for
glass applications. Usage of such complex pre-
cursors (e.g. in optical coatings) leads to a pleth-
ora of gas phase reactions dominating the pro-
cess. As the size of the precursor molecule gets
more complex, the number of possible reaction
pathways grows exponentially. Especially con-
cerning organic molecules, these could theoreti-
cally undergo thousands of different reactions. It
is not straightforward to asses which of these pro-
cesses are the most influential and which can be
of secondary relevance. The importance of indi-
vidual processes is often application-specific or
even coater-specific.

In this work we investigate the characteristics of
a plasma ignited in oxygen and HMDSO admix-
tures used for depositions of SiO,-like films. We
consider a reactor consisting of 4 hollow cathode
plasma sources (HC) connected to a deposition
chamber. O; plasma is ignited in the HC and the
discharge leaks into the deposition region, where
HMDSO is added to the process. Each HC is
powered by 4-6kW, the O, flows into the HC
with 300-600sccm which results in pressure in
the order of 10%Pa. In the beginning, we devel-
oped a 0D global plasma model (GPM), that
characterizes the plasma discharge in the HC.
The time-averaged GPM results of densities and
temperature were compared to Langmuire probe
measurements of the same O discharge in a sim-
ilar reactor in Germany. Our GPM results exhib-
ited very similar trends to the measurements. We
also utilize the GPM to study the scaling param-
eters of hollow cathode plasma systems in oxy-
gen.

Along with the O, GPM we are currently devel-
opping a spatially-resolved 2D simulation of the
same plasma to get another benchmark for the re-
sults and gain knowledge on the spatial distribu-
tions of the plasma.

Finally, we developed a HMDSO GPM coupled
to the O, GPM, meaning the previous results pre-
sent the input of HMDSO GPM. This model de-
scribes the complex O2/HMDSO chemistry with
1209 reactions and processes involving numer-
ous carbon, hydrocarbon and oxygen species ob-
tained from (Kemaneci et al., 2019). With this
model we aim to find optimal plasma parameters
to promote the formation of SiO,-like molecules.
First GPM results and coating analysis from our
geometry and a similar one in Germany suggest,
that for an effective growth of SiO»-like films it
is efficient to dissociate HMDSO molecule with
atomic oxygen, rather than electrons, to trigger
the formation of Si-O-Si bonds and minimise cre-
ation of hydrocarbon radicals. We also perform
sensitivity analysis on the GPM in order to ex-
clude the most influential reactions out of the
large and general kinetic system of 1209 reac-
tions. These will then be used in spatially-re-
solved 2D plasma models.
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Characterization of non-thermal coronal plasma discharges for
different high voltage electrode configurations in the atmosphere
using air.
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Abstract:

The generation of fast reactive species has been
a key factor that renders non-thermal plasma
technology highly effective, cost-effective, and
environmentally friendly in water treatment
processes. Morphological imaging of a high
voltage AC coronal filamentary and diffuse
discharge is characterized for two distinct high
voltage electrode configurations for the same
polarity. The dependency of these phenomena
on reactor inputs such as water flow rate, water
temperature, input voltage, and frequency are
investigated and their effects on the reactor’s
capability to generate high reactive species are
highlighted. The use of sharp concave high
electrodes for the generation of plasma has been
emphasized in literature as the most effective
shape for generation of plasma. Therefore, this
work aims to further expound on this narrative
and provide substantial evidence to support
further investigation of simple high electrode
design such as a shaft with a finished surface by
analyzing the plasma generation quality in these
two electrodes for the same reactor design. This
work further highlights the distribution of the
diffuse discharge on the reactor surface for
varying water flow rates and marries this
property to filamentary discharge propagation
within the reactor in the case of smooth shaft
electrode.

Keywords: diffuse discharge, filamentary
discharge, morphological imaging, coronal
discharge, Pulsed frequency.
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Investigations of the sheath in a dual-frequency capacitively coupled
rf discharge by optically trapped microparticles

J. Schleitzer !, V. Schneider ! and H. Kersten !
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Abstract:

Many different diagnostics can be used to
measure the spatial and temporal evolution of
plasma parameters. During the last decade, the
idea to use externally injected, small
microparticles as non-invasive probes, which are
influenced by various forces and energy fluxes in
plasmas, was implemented. Based on their
behavior in the surrounding plasma, information
about local electric fields [1], energy fluxes
towards the particle [2] and momentum transfer
by ions to the particles [3] can be obtained.
Especially the manipulation of microparticles by
an optical tweezer is of great interest, since it
allows the microprobe to be moved into areas of
the plasma, which are usually not accessible by
common diagnostic methods, i.e. the plasma
sheath.

In this study, optically trapped microparticles in
an optical tweezer are used to investigate the
sheath of a dual-frequency CCRF discharge. This
discharge is known in particular for its ability to
control the ion flux and the ion energy separately
and independently based on the utilization of
electrical asymmetries in the plasma [4,5].

The measured quantity, which is of special
importance when using optical tweezers, is the
external force acting on the microprobe. It is
obtained by measuring the displacement of the
particle in the optical trap while the confined
microprobe will be moved through the plasma
and the sheath and, thus, relatively to the
discharge [6]. On the basis of these force profiles
(Figure 1), the strength of the electric field force
in the sheath as a function of pressure and the
dependence on the distance of the probe to the rf
electrode as well as the extent of the sheath are
determined, both in a single- and a dual-
frequency discharge [7].

Keywords: phase variation, radiofrequency
discharges, signal detectors, optical tweezers,
microprobe, physical quantities, optical trapping,
plasma sheaths, plasma diagnostics, force
measurement, electrical asymmetry effect.
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Figure 1: Figure showing the measured relative
force profile obtained by the use of an optically
trapped microparticle for a certain pressure p and
a specific dc self-bias n in a dual-frequency
discharge. The colored curve represents an
averaging over the raw data shown and the color
gradient illustrates the time required for the
measurement.

References:

1. E. B. Tomme et al., Phys. Rev. Lett.
85(2000), 2518-2521.

2. H. Maurer, R. Basner, and H. Kersten, Rev.
Sci. Instrum. 79(2008), 093508.

3. V. Schneider et al., Rev. Sci. Instrum.
81(2010), 013503.

4. Z. Donké, J. Schulze, B. G. Heil, and U.
Czarnetzki, J. Appl. Phys. 42(2008), 025205.

5. J. Schulze, E. Schiingel, and U. Czarnetzki,
J. Phys. D: Appl. Phys. 42(2009), 092005.

6. V. Schneider and H. Kersten, Rev. Sci.
Instrum. 89(2018), 103505.

7. J. Schleitzer et al., Phys. Plasmas 28(2021),
083506.

Page 34



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

SICT 2022 / Tribology 2022:

ReSISTant EU Project Workshop:
Drag Reducing Surfaces (Riblets)
- Simulations, high resistant
nano-coatings development,
applications, and new
manufacturing processes for
future worldwide applications
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Overview Project ReSISTant

A. Flanschger '

! Research and Development, bionic surface technologies GmbH, Graz, Austria

Abstract:

ReSiSTant project targets the optimization of two
industrial pilot lines by using micro- and
nanostructured surfaces for drag reduction. The
objectives are to implement new developed sur-
faces into:

1) Aircraft Turbofan Engines

2) Industrial Compressors.

Positive effects by usage of such surface could
give benefits in terms of efficiency, CO2 reduc-
tion and noise emission and further on a positive
economic and ecological impact.

Figure 1: Overview project ReSiSTant

Assessment of Testing and Material & Application

Keywords: drag reduction, efficiency increase,
microstructured surfaces, turbofan jet engine, in-
dustrial compressors
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Industrial Compressors: Riblet Simulation Results

Mr. Lucas Garcia de Albeniz Martinez;

Bionic Surfaces Technologies GmbH, Graz, Austria

Abstract:

Microstructured surfaces (so-called Riblet
surfaces or ‘shark-skin’) reduce the friction-
al resistance of flat surfaces by up to 8%
when the trapezoidal shape is used. In the
frame of ReSiSTant Project, their effect on a
centrifugal gas compressor is studied. Theo-
retical, numerical and experimental experi-
ences give a first estimation of the impact of
Riblets. In this case, the Riblet structures
reduce the aerodynamic shear stress losses.
The areas of higher interest are the diffuser
and the volute. In those areas, the viscous
losses are large and the use of Riblets could
bring a big benefit. The optimal size, posi-
tion and effect on performance are going to
be analyzed. The ultimate goal of the project
is to study how big is the impact of the ideal
Riblets applied on a centrifugal gas com-
pressor.

Keywords: CFD, Shark skin effect, Industrial
Compressor.

Figure 1: Figure illustrating the optimal riblet
direction applied on different parts of a centrif-
ugal compressor: diffuser and volute
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Industrial Compressors: Applications and Test results

M. Meyer
MAN Energy Solutions Switzerland AG

Abstract:

In the course of the project “ReSIStant”, a new coating was developed by NantoClean Tech. With this
coating very smooth surfaces can be achieved which are also resistant against erosion. In order to test
this, the coating was applied on the diffusor of a radial industrial compressor. Two sets of measurements
were carried out: One before and one after applying the coating. The efficiency increase was substantial,
but had to be evaluated, since this measured increase originates partly through the cleaned surface and
partly through the coating.
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Riblet application technologies Coatings for harsh conditions
Andreas BRINKMANN', Yvonne KOWALIK'

! Fraunhofer Institute for Manufacturing Technology and Advanced Materials IFAM, Wiener StraBe
12 28359 Bremen, Germany, andreas.brinkmann(@ifam.fraunhofer.de

Abstract

Microstructured surfaces are sometimes used in highly stressed environments. In the EU project ReSISTant,
environments are tested, which have enormous temperatures. This restricts the selection of possible coating
systems enormously. Different materials will be presented, which can be used for different loads and applications.
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Riblet Application Technologies : Novel Free Form Riblet Processing
Technology by Laser

Yuichi Shibazaki, Nikon Corporation

Abstract:

Novel free form riblet processing technology us-
ing ultra short pulse laser is introduced. This
technology enables the following features a) aer-
odynamically ideal freeform riblet, b) direct en-
graving in almost all materials, ¢) processing on
3-dimentional curved surfaces, d) good preci-
sion.
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Riblet Application Technologies: Direct Contactless Microfabrication

H. Bilinsky '

' MicroTau, Sydney, Australia

Abstract:

MicroTau’s Direct Contactless Microfabrication
(DCM) technology grows riblets with light by
drawing on photolithographic techniques devel-
oped for computer chip fabrication. Using tai-
lored microstructured light patterns, riblets are
grown on a substrate, with the riblet size and pro-
file determined by the exposure conditions. Ad-
vancements in this technology, including im-
provements to riblet geometry resulting in Mi-
croTau manufacturing high aspect ratio ‘blade’
type riblet designs not possible to manufacture
with alternative technologies at the scale required
for aviation and maritime applications. Being a
contactless optical printing process DCM can
rapidly iterate 3D riblet designs for nominal cost
in contrast to typically expensive tooling costs
associated with NIL and other contact manufac-
turing processes. Recent developments include
manufacturing scale up and flight testing of riblet
film product manufactured with DCM.

Keywords: drag reduction, shark skin, riblets,
riblet, microstructures, fabrication, manufactur-
ing, microsurfaces, efficiency, fuel efficiency,
photolithography, DCM, aircraft.

Figure 1: Optical micrograph of the cross-sec-
tion of the improved riblet structures from
PDMS moulded copy of the riblets. These are
riblets with spacing 78 pwm, height 41 um, width
7 wm, peak radius 0.8 um.
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Riblet Material Development Antifouling Riblet coatings
Andreas BRINKMANN'
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Abstract

Biological growth on surfaces causes problems in many technical applications and vehicles. Microstructured
surfaces are especially affected because the positive properties of the structuring are lost through the growth of a
biofilm. In the presentation examples are given of how materials can be equipped to prevent biological growth and
protect the structured surfaces.
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Selectively changing key surface properties via atmospheric gliding
arc plasma deposition
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Abstract:

Controlling the three key surface properties, wet-
tability, roughness and surface chemistry, is key
to many industrial applications. Such industrial
applications can range from glueing, inking, cor-
rosion control to selective attachment of active
molecules on the surfaces. Moreover, it is crucial
to control these three surface properties without
changing the material’s bulk properties. Re-
cently, atmospheric plasma processes have leapt
forward and thus gained widespread attention.
Like the low-pressure plasma processes, atmos-
pheric plasmas are fast, solvent-free and envi-
ronmentally friendly. However, unlike their low-
pressure counterparts, atmospheric plasmas can
be readily implemented into existing production
lines and easily scaled up. Specifically, atmos-
pheric gliding arc plasma (AGAP) combines ho-
mogeneity and high power densities in compari-
son to other atmospheric plasma methods. We
hereby demonstrate how a commercially availa-
ble system (Plasmatreat®) can be used to rapidly
deposit novel thin film coatings. These thin-film
coatings selectively change surface wettability,
roughness and chemistry. Furthermore, this dep-
osition requires only electricity, benign & readily
available gases and small amounts of monomer
precursor. By avoiding the use of noble gases or
toxic precursors, contrary to other atmospheric
plasma methods, AGAP is a viable and safe op-
tion to run on an industrial scale.

Keywords: Surface engineering, surface modifi-
cation, thin film coatings, atmospheric plasma,
gliding arc plasma, wettability, roughness, sur-
face chemistry

Wettability

Roughness Surface chemistry

Figure 1: Atmospheric gliding arc plasma depo-
sition can selectively change the three main
properties of surfaces; wettability, roughness
and surface chemistry
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On the formation of carbon nanoparticles in expanding laser-induced
plasma

A. Kaczmarek ", J. Hoffman !
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Abstract:

Nowadays, there are numerous works devoted to
characterizing the properties of carbon nanopar-
ticles obtained by laser ablation in various media,
e.g. in liquid [1]. Therefore, it is possible to opti-
mize and control the size of particles, their opti-
cal and morphological properties and link them
with synthesis parameters, such as the kind of lig-
uid medium or laser fluence. However, the de-
scription of primary formation processes of car-
bon nanoparticles after laser ablation in vacuum,
gas or liquid remains incomplete [2].

There have been several attempts to describe the
formation of carbon nanoparticles. One of them
[3] considered the entire lifecycle of carbon abla-
tion plasma. According to this study, nanoparti-
cles are formed as a result of the ejection of frag-
ments of the target (graphite). Another possibility
is ejection of liquid droplets as an effect of so
called phase explosion and explosive boiling [4].
Other studies postulate that nanoparticles are
formed during plasma-phase expansion [2, 5] and
that this process can be divided into two two main
phases: (1) nucleation and (2) growth and crys-
tallization.

The aim of this work is to analyze possible nu-
cleation and growth paths of particles in carbon
plasma. The consideration of nucleation type is

based on the following equation:
3

AG = — 2 L n S + dmr?
= -2y n 2y,

where AG is Gibbs free energy, r nucleus size, V'
volume occupied by the single atom or molecule
in nucleus, 7'is temperature, .S supersaturation ra-
tio and y surface tension [2].

Further modifications to the above equation are
made to account for ion nucleation. It has been
found that in the case of carbon plasma the purely
thermodynamic approach of continuous media is
insufficient. It is necessary to include in the con-
siderations various kinds of carbon macromole-
cules.

Moreover, the discussion of the conditions for the
formation of particles solely from the expanding
plasma and the avoidance of their ejection from
the target is presented.

Keywords: nanoparticles, carbon dots, laser ab-
lation, nucleation, ion-induced nucleation.
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Carbon nanostructure production from ethanol by cold plasma
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Abstract:

The conversion of liquids into some kind of ma-
terials has always been highly interesting. Since
carbon is an abundant material, it is of special in-
terest for this type of application. Carbon can be
organised in various forms of nanostructures like
carbon nanotubes (CNTs), graphene, carbon
black, nanodiamonds, fullerene, and many more.
Some of these carbon allotropes have special
properties that make them interesting, and per-
haps graphene and carbon nanotubes are the most
motivating. Even though there are several syn-
thesis paths of these nanostructures, there is al-
ways a need to improve and find alternative op-
tions. One of the options that have been recently
explored is synthesis from liquids with plasma
assistance. Liquids of interest are alcohols since
they are carbon-based and are affordable and ac-
cessible, especially ethanol. This synthesis path-
way suppresses precursors in liquids, including
impurities, making processes easier, faster,
cheaper, and more environmentally friendly. Ac-
cording to some recently published studies,
nanocarbon synthesis in ethanol is mostly pro-
duced by in-liquid plasmas called sparks, arcs ',
etc. We decided to use the simpler model setup
with an atmospheric pressure plasma jet, where
plasma forms in the gas phase over a liquid sur-
face and interacts with liquid. So far, the experi-
ments have been done in ethanol, and obtained
results have indicated a fast pathway to convert
ethanol into amorphous nanosheets. With in-
creased treatment time, graphene forms on the
edges of obtained carbon nanosheets. With this
process, the micro and nanostructures were pro-
duced in a matter of minutes by the degradation
and conversion of ethanol. Additionally, we
found that when a graphite sheet is submerged in
ethanol, the size of produced structures is re-
duced, and structured carbon is synthesised. The
next step is to tailor conversion pathways with
the optimisation of plasma parameters.

Keywords: carbon, nanostructures, graphene,
ethanol, atmospheric pressure plasma, cold
plasma, plasma-liquid interaction, amorphous
carbon sheet

Figure 1: TEM of carbon nanostructure pro-
duced by plasma-assisted conversion of ethanol
showing the start of graphene formation on the
edge of an amorphous carbon sheet.
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Hydrophobic and Amphiphobic Postmodification of Mesoporous Aer-
ogels via Cold Plasma Coating
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Abstract:

Aerogels have an enormous potential for a vari-
ety of applications due to their special properties
such as high pore volumes (> 90% v/v), high spe-
cific surface areas (up to 1200 m*/g) and low den-
sities (< 0.2 g/cm®). In particular, their high spe-
cific surface areas in combination with the possi-
bility to tailor the pore structures make them suit-
able as matrices for catalysts, pharmaceuticals or
flavors, possibly allowing a targeted and control-
lable release of the active components. Although,
from a material standpoint aerogels offer high va-
riety and potential, the use of aerogels poses chal-
lenges in handling and storage: high polarity (in
case of polysaccharide gels) and open-porous
structure (for all aerogel types) makes biopoly-
mer aerogels especially susceptible to moisture
that can penetrate into the pores, resulting in
changes of the internal surface and pore collapse.
The identification of generally applicable meth-
ods for hydrophobization of biopolymer aerogels
exterior and internal surface under preservation
of the microstructural properties is therefore of
particular interest and — so far- a non-solved chal-
lenge. Cold plasma coating can be regarded as es-
pecially suited for the modification of aerogels,
since no liquid solvents are used and the dried
aerogels are simply placed in a process chamber
and exposed to the glow discharged plasma under
moderate vacuum and slightly elevated tempera-
tures (approx. 40 °C).

In this work, aerogel monoliths with specific sur-
face areas of approx. 300 m*/g and porosities up
to 95% are produced from alginate, cellulose,
whey protein isolate (WPI) and potato protein
isolate (PPI) and afterwards post-modified via
cold plasma coating. Polymerization of different
fluorinated monomers (octafluorocyclobutane
C4Fs and perfluoro-acrylates PFAC-6 and PFAC-
8) resulted in fast and significant surface hydro-
phobization after short process times of 5 min
and led to (super)hydrophobic exterior surfaces
with static water contact angles up to 154 °. Sim-
ultaneous introduction of hydro- and oleophobi-
city was possible by deposition of perfluoroacry-
lates. It was shown, that the porous structure of

aerogels stayed intact during the process. Fur-
thermore, polymerization inside the aerogels
pores resulted in generation of new porous moie-
ties and led therefore to a significant increase (up
to +179 m?/g) in the specific surface area. The
magnitude of the effect depended on the individ-
ual process settings and on the overall porosity of
the substrates. Summarized, first evidence of
cold-plasma induced internal surface modifica-
tion of biopolymer aerogels is presented, whereas
penetration depth of monomer into the pores de-
pended on power input (mode), monomer and
substrate porosity and polarity. Additional sys-
tematic studies are necessary in order to quantify
the influences of power input and input mode
from the process side and substrate adhesivity
and pore structure from the materials side.

Keywords: aerogels, cold plasma coating, meso-
porous structure, hydrophobicity, biopolymers
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Figure 1: Inner pore structure of plasma coated
and non-modified alginate aerogels a) pristine
aerogel b)- d) coated aerogels, with coating con-
taining intrinsic macro- and mesopores.
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Plasma Activated Liquids: a Method for Efficient Surface Modifica-
tion of Semiconductor Nanostructures
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Abstract:

Nanotechnology represents the cutting edge of
the current scientific and also industrial develop-
ment. The reason of its attractiveness is the pos-
sibility to tune significantly properties of bulk
materials by limiting their dimensions. An im-
portant interesting and environmentally friendly
material whose properties still need to be fine-
tuned before it can be used commercially are sil-
icon nanocrystals (SiNCs). Beyond standard
properties of bulk silicon, the nanocrystals can
show relatively high light conversion efficiency
with spectrum tunable in the visible spectral re-
gion, good stress resistance and also surface re-
activity. A wider application of SiNCs is how-
ever limited by the absence of a cheap and simple
method for their surface termination and modifi-
cation and poor water dispersibility.

We have recently shown that non-thermal plasma
can be effectively used for tuning of the SiNCs
surface chemistry through plasma activated lig-
uids (PAL).' The technique is based on treating a
liquid by an electric discharge, resulting in the
rise of reactive species in the liquid. The chemi-
cal composition of PAL is dependent on the used
atmosphere, discharge properties and type of the
liquid. PALSs, especially plasma activated water
(PAW), were already effectively used in medi-
cine and agriculture. The limiting parameter of
common PAW for semiconductor nanotechnol-
ogy is the presence of a high concentration of hy-
drogen peroxide that not only damages the nano-
crystals, but also blocks any other surface termi-
nation besides oxidation. However, we have
proven that, using a specific discharge configura-
tion and surroundings, we are able to prepare
PAW lacking any hydrogen peroxide and con-
taining a very high concentration of nitrogen rad-
icals (HIN:PAW). The treatment of SiNCs by
HiN:PAW resulted in nitrogen-based surface ter-
mination, manifested by a significant increase of
their quantum yield (more than 10 times) accom-
panied by an increase of the dispersibility in wa-
ter (Figure 1). The modification is stable for
more than a month. While the former effect in-
creases the utilization of SiNCs in light conver-

sion, generation and imaging technology, the lat-
ter makes them interesting for further application
in hybrid technologies, where water-based chem-
ical processes are involved, such as the prepara-
tion of electrodes for lithium batteries. The
HiN:PAW treatment was also effectively applied
to other types of semiconductor nanoparticles.
Moreover, our newer results show that the
HiN:PAW modification technique can also be
broadened to the application of other PALs based
on organic solvents (ethanol, toluene etc.). To
successfully achieve plasma activation of these
liquids, the construction of the discharge-gener-
ating setup has to be again modified.

Keywords: Plasma activated liquids, silicon
nanocrystals, surface modification, light genera-
tion, laser spectroscopy.
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Figure 1: Simplified behaviour of SiNCs in non-
modified water and during surface modification
by plasma activated water with simultaneous
measurement of their photoluminescence prop-
erties. The pictures of cuvettes with SiINCs be-
fore and after modification are presented.’
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UV-LED, UV-laser and Corona discharge treatments for polypropyl-
ene surface functionalization and optimization of PP-Fiber Reinforced
Concrete
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Abstract:

Fiber reinforcement is a well-established solution
to enhance toughness, prevent the formation and
propagation of cracks, thus prevent the early deg-
radation of cement-based products for structural
applications. Polypropylene (PP) appears as a
valuable fiber reinforcement due to high corro-
sion resistance, thermal stability, low density and
cost. However, its apolar surface strongly affects
the compatibility to inorganic matrix; therefore,
several surface treatments have been studied,
mainly chemical ones, and validated through me-
chanical testing. In this study, non-chemical sur-
face treatments that might be more sustainable,
fast and easy to perform at an industrial scale are
investigated: UV-LED, UV-laser and corona dis-
charge treatment. Different exposure times,
source to sample distances and setup parameters
were considered to optimize treatment effects.
Aiming at investigate the effectiveness of surface
functionalization between PP and mortar, the
treatments were performed on PP plane supports
obtained through injection moulding, and vali-
dated mainly through chemical-phisical proper-
ties; i.e. wettability, FTIR, and roughness. The
characterization campaign was completed by
pullot test of PP plane treated samples from hard-
ened mortar and ESEM-EDX analysis on inter-
phase surface. UV-laser involved both roughness
improvements and wettability increase, whereas
the increase of UV-LED esposition time up to
36h induced principally a photooxidation. Co-
rona discharge treatment also significantly im-
proved the PP wettability and optimized result
were obtained for higher discharge time and dis-
tance. The improved surface compatibility be-
tween PP and mortar was also confirmed by me-
chanical and morphological investigations. Con-
sequently, it was demonstrated that the surface
treatments involved in this study could positively
optimize FRC systems and become sustainable
alternative to chemical treatments.

Keywords: Fiber Reinforced Concrete, polypro-
pylene, polypropylene fibers, surface

functionalization, compatibility optimization, co-
rona treatment, UV treatment, laser treatment

Figure 1: Figure illustrating the corona dis-

charge treatment on a polypropylene plane sup-

port to increase its surface functionalization and

compatibility optimization to inorganic matrix.
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Fast Switch From Hydrophilic to Hydrophobic Surface of Cellulose
Film by Low-Temperature Plasma Treatment
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Abstract:

Cellulose is the most abundant natural polymer
on the planet and thus is widely available and
cheap. Due to its high mechanical strength, non-
toxicity, renewability and biodegradability, it is a
multifunctional material, suitable for applica-
tions in numerous applications. However, its in-
herent hydrophilicity, a result of abundant hy-
droxyl groups on the surface, limits its broader
use. Various approaches to hydrophobization (es-
terification, carbamation, silylation, click chem-
istry) of cellulose have been researched, but these
reactions can be time consuming, require harmful
solvents and produce liquid discard. Plasma, on
the other hand, offers a fast, efficient and stable
hydrophobization, producing no waste.

With this in mind, cellulose nanofibrils (CNFs )
films were hydrophobized with the means of flu-
orocarbon (CF,) plasma. The surface was trans-
formed from hydrophilic (initial water contact
angle (WCA) 46 °) to hydrophobic already in 10
s of treatment. WCA of 129+7°stabilized after
20 s of processing. Furthermore, considering flu-
orocarbon is a potent greenhouse gas, this study
explores utilization of the same plasma system
for hydrophobic treatment of cellulose nano-
materials with different dopants, such as nitro-
gen, cargon and argon as well. The surface mod-
ification was carried out at varying processing
power and treatment regimes - various lengths of
continuous treatment and pulsating processing
with intermittent cooling of 5 s. Changes in the
structure and morphology of the treated surface
was inspected through FTIR, XPS and SEM anal-
yses.

Keywords: Cellulose nanomaterials, plasma
treatment, hydrophobic, surface modification
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Figure 1: Water contact angle od CNFs films’s
surface after CF4 plasma treatment. The hydro-
phobicity threshold is reached after 10 s of treat-
ment, while maximum WCA is
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Recent progress in the electrical management of the plasma
electrolytic oxidation process
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Abstract:

Plasma electrolytic oxidation (PEO) is a plasma-
assisted electrochemical technology to synthe-
size protective ceramic-like oxide coatings on
lightweight metals like aluminium, titanium and
magnesium alloys. PEO process is gaining a
growing interest in various industrial domains
(transport, energy, medicine) to replace conven-
tional acid anodizing processes. Indeed, PEO re-
sults in improved wear and corrosion resistance
together with the use of environmentally friendly
alkaline. PEO process is carried out at a voltage
higher than the breakdown voltage of the grow-
ing oxide layer. Consequently, PEO coatings
grow under a sparking regime leading to the
gradual conversion of the processed metal to an
oxide layer. The growth mechanisms of the pro-
tective PEO coatings remain complex due to the
combination of both electrochemical, thermal
and plasma phase reactions that simultaneously
occur in a small affected volume (tens of um?)
(Figure 1).

After briefly reviewing the main scientific prin-
ciples of the PEO process including the design of
the experimental set-up, the microstructural and
functional aspects of the PEO coatings as well as
the behaviour of the micro-discharges, the pre-
sent communication will focus on new achieve-
ments into the electrical management of the PEO
process. It will be particularly shown that the use
of sequential PEO treatments performed by ad-
justing suitable tuning of the current waveform
during the treatment opens opportunities for a
better energetic management of the PEO process
[1]. The presented results will be discussed based
on the relationships drawn between the plasma
diagnostic of the micro-discharges, the morphol-
ogy of the produced PEO coatings and the ap-
plied electrical conditions.

Keywords: plasma electrolytic oxidation (PEO),
micro-arcs oxidation (MAO), Lightweight metal,
Aluminium, Magnesium

Figure 1: a) Picture of an aluminium sample dur-
ing the PEO process and b) SEM micrograph
cross-section of a PEO processed aluminium
sample.
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Promoting resource preservation by PECVD barrier coatings for
refillable PET bottles

P. Alizadeh ", R. Dahlmann '
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Abstract:

Alone in the European Union each year around 29.1
mio t of plastic waste accumulated in 2018. 59% of
wich are directly emitted from plastic packaging.
Apart from implied risks to bio diversity and human
health due to micro plastics and green house gases, 95
% of packaging material (worth 70 — 105 mio €) are
lost to the economy.!”? Countries such as Sweden,
Denmark, Portugal and Germany have therefore im-
plemented a deposit system i. a. for polyethylene ter-
ephthalate (PET) bottles. The German deposit system
distinguishes between single use PET bottles and re-
fillable PET bottles.® Post-consumer single use PET
bottles are shredded into PET flakes and then prepared
for reprocessing.* Most of the PET-flakes are used to
produce new PET bottles (bottle to bottle process).
Refillable PET bottles are cleaned and sterilized with
NaOH solution after usage and then refilled. Glass
bottles can be reused up to 50 times. PET bottles are
estimated to be refilled only about 15 times.’ An eco-
logical assessment of refillable glass bottles, single
use PET bottles and refillable PET bottles by the “In-
stitute for Energy and Environmental Research in Hei-
delberg”, Germany, concluded, that the usage of re-
fillable PET bottles causes the lowest emissions of the
greenhouse gas COz in the framework of this study.®
One important disadvantage of PET is the signifi-
cantly lower barrier function against gases and thus
decreased shelf life compared to glass.”
Plasma-enhanced chemical vapour deposition
(PECVD) is an industrially established method to coat
PET bottles on the inside surface with a thin plasma
polymeric coating to enhance the bottles’ barrier func-
tion. For refillable PET bottles, however, this is to date
no applicable solution. Conventional barrier coatings
are not chemically stable against NaOH solution and
are washed away within seconds during the washing
process. We developed a protective top-coat, which is
applied in the same processing step as the barrier coat-
ings and with the very same base monomers (Hexa-
methyldisiloxan, Ethin). The coating offers the poten-
tial to also store oxygen sensitive products in reusable
PET bottles, prevent material odors and prolong the
bottles lifecycle. Laboratory tests showed a protective
effect over 20 simulated washing cycles. The devel-
opment is currently being tested for practical applica-
tion.

Keywords: PECVD, thin film development, cor-
rosion protection, food packaging, circular econ-
omy, resource preservation.
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Figure 1: Schematic structure of the developed
alkaline resistant PECVD barrier coating for re-
fillable PET bottles
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Cathodic plasma electrolytic deposition of an aluminium oxide based
hydrogen permeation barrier
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Abstract:

Cathodic plasma electrolytic deposition (CPED)
is a novel plasma-assisted surface modification
technique that enables the formation of ceramic
coatings from an electrolytic precursor on con-
ductive metallic substrates such as steel. [1-2]
This process represents a highly versatile and ap-
plication-oriented coating process, as it is appli-
cable to work pieces of complex geometries, can
penetrate small gaps and has only a small envi-
ronmental footprint. In the present work, CPED
is used in combination with an electrolyte mix-
ture containing aluminium nitrate and PEG as an
additive to deposit oxidic aluminium on stainless
steel. During deposition, aluminium nitrate is de-
composed in a cathodic plasma discharge. Subse-
quently, aluminium oxide species are deposited
onto the steel substrate due to the high ratio of
hydroxyl ions evolved by water reduction at the
cathodically polarized metal surface.

The deposition process is optimized towards its
potential use for hydrogen barrier coatings. Here,
the main objective is to achieve compact layers
with as little pores and cracks as possible, show-
ing good adhesion. The layer thickness needs to
be adjusted in order to find a compromise be-
tween the need for a thin film showing less me-
chanical stress during pressure and/or tempera-
ture cycles, while still delivering a sufficient
layer thickness to reduce hydrogen permeation to
a tolerable level for the specific substrate and ap-
plication. This is achieved by tuning the electrical
parameters during deposition, additive concen-
tration and the duration of the treatment. The
samples are analysed comprehensively by means
of electron microscopy, x-ray photoelectron
spectroscopy, x-ray diffraction and profilometry
to assess the quality of the coatings and to de-
velop a detailed understanding of the processes
involved during layer formation.

It is found that the coating quality can be im-
proved significantly by variation of additive con-
centration, which is known to reduce the influ-
ence of the direction of the electric field. The al-
uminium content varies for different deposition
voltages and tends to increase for longer treat-
ment durations. The resulting optimized coating
routine delivers homogeneous layers showing

excellent adhesion and is applicable to work
pieces of complex shapes.

Keywords: cathodic plasma electrolytic deposi-
tion, alumina, corrosion protection, hydrogen
permeation barrier.

Figure 1: Plasma discharges (blue) on the sur-
face of a stainless steel substrate during the ca-
thodic plasma electrolytic deposition process.
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Challenges in Plasma-Conditioned Liquids and Hydrogels for Cancer
Treatment
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Abstract:

The chemistry of Cold Atmospheric Plasma
leads to the generation of a variety of reactive ox-
ygen and nitrogen species (RONS) which play a
key role in selective cancer cell death without
damaging surrounding healthy tissues. This has
led to advancing research on plasmas in a variety
of cancer types. Taking advantage of the reactiv-
ity of plasmas in liquids, plasma-conditioned lig-
uids (PCL) can be generated and represent a very
interesting alternative to direct CAP treatment
because they open the door to minimally invasive
therapies [1] [2].

In this work we will focus in a kind of cancer of
pediatric prevalence, Osteosarcoma (OS). OS is
the most common bone malignant neoplasm. Alt-
hough chemotherapy has improved long-term
survival over the past few decades, the outcome
for patients with metastatic or recurrent OS re-
mains dismally poor.

The use of PCL can be a useful tool in the treat-
ment of this malignancy [3], and we have been
investigating the generation of RONS in different
biocompatible liquids, ranging from saline solu-
tions to more complex biopolymer-containing
solutions. In this talk we will discuss some of our
investigations on the nature and extent of the
modifications induced by CAP treatment on bi-
opolymer solutions. The results allowed observ-
ing that the concentration of biopolymers affects
the concentration of RONS detected in the liquid
phase, pointing out direct interactions between
RONS and biopolymer chains. The use of molec-
ular models helped us to identify the outcomes of
these interactions, thus shedding light on the
chemical mechanisms involved.

The RONS generated in different solutions and
hydrogels will be discussed in relation to their bi-
ological effects, as investigated in 2D monolayer
cultures as well as in new 3D-OS tumor model
specifically developed to study PCL as anti-tu-
moral agent [4], and effects in vivo will also be
discussed.

Keywords: cold atmospheric plasma, plasma
conditioned liquids, hydrogels, reactive oxygen
and nitrogen species.
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Multifunctional medical materials of the future by plasma surface
modification
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Abstract:

With rapid aging of the global population and the
rise of antibiotic-resistant bacterial strains, there
is an increased demand to design biomaterial sur-
faces with superior multifunctional properties. It
is now a well known fact that cell interatction is
dictated also by surface nanotopography [1] and
that by fine tuning of surface features desired bi-
ological response could be achived. Combining
novel approaches for nanostructuring of metal bi-
omaterials, like electrochemical anodization or
hydrothermal treatment in combination with
plasma treatment technologies could offer new
possibilities for fabrication of surfaces with mul-
tifunctional properties.

Surfaces of implantable materials could be spe-
cifically designed to provide selective cell adhe-
sion (promote adhesion of one cell type over an-
other) and at the same time prevent bacterial in-
fections (biofilm formation). Plasma technolo-
gies provide interesting approach for surface
modification of medical implants, as surface fea-
tures like wettability, chemistry, nanotopography
and crystallinity can be modified without influ-
encing the bulk attributes of the material. By ap-
propriately tunning surface features, multifunc-
tional surfaces with desired biological response
for specific medical application could be at-
tained. As designing of medical device surface is
highly challenging, usually achieving optimal
surface properties is a trade-off. Thus preparation
of surfaces with multiple functionalities is even
harder to attain.

Approaches for fabrication of nanostructured
surfaces for vascular and orthopaedic implants
will be presented and discussed in more detail. It
will be shown that gaseous plasma treatment at
optimal treatment conditions provides selective
cell response on nitinol vascular stent surface.
Example of nitinol vascular stent is presented in
Figure 1. As vascular stent surfaces still lack of
desired biological response due to high risk for
restenosis and thrombosis, solutions to overcome
these issues are intensively sought. By combin-
ing hydrogen and oxygen plasma at specific
treatment conditions, multifunctional properties
of nitinol vascular stent could be achived. Treat-
ment enables good proliferation of endothelial
cells that line our natural blood vessels and are

thought to be an ideal antithrombogenic material,
while proliferation of smooth muscle cells (issues
with restenosis) and adhesion of platelets (issues
with thrombosis) are significantly reduced. Com-
bination of other surface nanostructuring tech-
niques and plasma [2] will also be presented and
discussed in the light of vascular stents as well as
orthopaedic implants.

Figure 1. Nitinol vascular stent, Kkindly
donated by Rontis.

Keywords: low pressure plasma, vascular stents,
orthopedic implants, biocompatibility,
nanostructure, biomedical applications.
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Abstract:

Cardiovascular diseases (CVD) account for 45%
of all deaths in Europe (4 million people) [1] and
the rate of mortality associated with CVD is con-
tinuously rising. The most common form of heart
disease, coronary artery disease (CAD), is the
buildup of plaque inside the blood vessels. Im-
plantation of vascular stents, usually made of me-
tallic alloys, are common treatment for patients
with CAD, used to open narrowed vessel and re-
store blood flow. Although titanium alloys are
extensively used for vascular stent application,
they still lack of desired biological responses.

In present study, titanium substrate has been sub-
jected to hydrothermal treatment (HT) followed
by treatment with reactive oxygen species (non-
thermal oxygen plasma - P) [1]. Samples were
characterized by scanning electron microscopy
(SEM) with energy-dispersive X-ray analysis
(EDX), atomic force microscopy (AFM), X-ray
photoelectron spectroscopy (XPS) and water
contact angle (WCA) analysis.

The combination of hydrothermal and plasma
treatment resulted in the formation of an oxygen-
rich nanostructured titanium oxide layer. The al-
teration of surface properties, such as morphol-
ogy, surface roughness, elemental composition
and wettability influenced the material’s bio-per-
formance; platelet adhesion and aggregation was
reduced on surfaces treated by hydrothermal
treatment, as well as after plasma treatment. It
has been also shown that surfaces treated by both
treatment procedures (HT and P) promoted the
adhesion and proliferation of vascular endothe-
lial cells, while at the same time inhibited the ad-
hesion and proliferation of vascular smooth mus-
cle cells.

The nanostructurization, combined with non-
thermal plasma treatment, which altered physico-
chemical properties of the titanium, enabled the
formation of a surface with characteristics, espe-
cially appropriate for use as vascular stents.

Keywords: titanium, medical implants,

nanostructured surface, hydrothermal method,
non-thermal plasma.

SEM images of a.) Ti foil treated with plasma
(Ti+P), and (b) hydrothermally/plasma treated
Ti foil (Ti HT+P) after incubation with whole
blood. Adapted from Ref [2].
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PECVD coatings as migration barriers for the use of post-consumer
recyclates in food contact
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Abstract:

The European Commission's Plastics Strategy,
published in January 2018, sets the goal to recy-
cle at least half of the plastic waste by 2030 and
thus to substantially increase the share of recy-
clates used in newly produced plastic products.'
Although the packaging sectors demand in Eu-
rope has the highest share (almost 40%) com-
pared to other sectors?, the success of the Euro-
pean initiative to increase the use of recyclates is
currently hindered by, among other things, the
very limited possibility of using recycled plastics
in the food sector. One of the main reasons for
this is the risk of migration of chemical sub-
stances from the used packaging into the food
and a subsequent lack of safety of the food con-
tact materials evaluated in an assessment of
safety by the European Food Safety Authority
(EFSA). Sufficient product protection in terms of
toxicity, taste and odour changes as well as con-
tamination of various kinds cannot be guaranteed
for most materials especially when using post-
consumer recyclates (PCR) other than polyeth-
ylene terephthalate (PET).

One solution to this problem is to explore and fur-
ther develop the potential of highly functional
PECVD (plasma enhanced chemical vapour dep-
osition) coating systems as migration barriers for
contaminants from recyclates. Thereby we focus
on non-PET materials such as polypropylene
(PP), as this is where the biggest hurdles lie for
the use of recyclates in food contact. Basic re-
search and at the same time application-oriented
experiments and theoretical models are being
used to understand different effects and processes
in the system consisting of recycled plastic, the
PECVD coating and a foodstuff. The use of
functional migration barriers in this case not only
has a high level of potential from a process tech-
nological perspective, but also from a regulatory
point of view, as EU regulations declare that be-
hind a functional barrier, non-authorised sub-
stances may be used, provided they fulfil certain
criteria and their migration remains below a
given detection limit.

Methodologically, in a first step, test substances
are used to simulate the contamination of the re-
cyclates and their uptake by food. Suitable coat-

ing systems are then developed on these contam-
inated materials, which requires intensive analy-
sis due to the unknown surface properties of the
recyclates. These coating systems are tested in
extensive migration analytical studies for their
suitability for migration reduction.

Keywords: migration barriers, PECVD, post-
consumer recyclates, food packaging, thin film
development, EU plastics strategy, circular econ-
omy

Food Stuff Plastic

Environment
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Figure 1: Using PECVD coatings as migration
barriers for contaminated recyclates in food con-
tact.

References:

1. European Comissission (2018), A European
Strategy for Plastics in a Circular Economy,
Communication from the Commission to the
European Parliament.

2. PlaticsEurope (2020), Plastics — the Facts
2020: An analysis of European plastics pro-
duction, demand and waste data.

3. European Comission Regulation (EU) No
10/2011 (2011), Regulation on plastic mate-
rials and articles intended to come into con-
tact with food.

Page 58



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Utilization of Plasma in Medicine: Inactivation of Acantamoebas,

Dermatophytes, and Staphylococci
T. Métinsk4', E. Lokajova', J. Julak?, E. Nohynkové4?®, J. Khun', V. Scholtz', P. Petras?

! Department of Physics and Measurements, University of Chemistry and Technology, Prague,

Czech Republic
? Institute of Immunology and Microbiology, 1st Faculty of Medicine, Charles University and General
University Hospital, Prague, Czech Republic

3 National Reference Laboratory for Staphylococci, National Institute of Public Health, Prague,

Czech Republic

Abstract:

Non-thermal plasma has been successfully used
in a wide range of medical fields in recent years.
It is widely used not only for the microbial inac-
tivation or disinfection, but also in other areas of
medicine. Here, we present three our new in-
sights in plasma medicine related to disinfection:
the disinfection of Acanthamoeba sp. [1], derma-
tophytes [2] and staphylococci.

Acanthamoeba is the causative agent of infec-
tious eye disease in humans. In its life cycle, it
has a stage of dormant cysts that is very resistant
to disinfection. In our research, the cysts were in-
activated by the DC corona transient spark dis-
charge both in suspension or placed on the sur-
face of contact lenses. The negative discharge ap-
peared to be more effective than the positive one.
The complete inactivation occurred in water sus-
pension after 40 min and on contaminated lenses
after 50 min of plasma exposure. The properties
of lenses seem to not be affected by plasma ex-
posure; that is, their optical power, diameter, cur-
vature, water content, and infrared and Raman
spectra remain unchanged.

In a study of the therapy of onychomycosis, we
monitored the dermatophytes sensitivity to non-
thermal plasma generated by DC corona dis-
charge in the point-to-ring arrangement. We used
various strains of Trichophyton iterdigitale, Tri-
chophyton benhamiae, Trichophyton rubrum,
and Microsporum canis. All strains were sensi-
tive to plasma action, but the sensitivity and in-
activation dynamics vary from strain to strain and
is not an inherent property of the fungal species.
The studied strains can be divided into four types
according to their growth trends observed after
plasma exposure as follows: The “Strong effect”
type displayed almost complete growth suppres-
sion after exposure. In contrast, the “No effect”
included strains whose growth was not inhibited
at all. The type “Soft effect” included strains
whose growth was only slightly inhibited. In the
“Kick off effect” type, an initial slowdown of
growth, followed by a rapid growth, was ob-
served.

Staphylococcus aureus from clinical material
(especially abscesses and wounds) was also ex-
posed to plasma in water suspension and on agar
plates. The results show that staphylococci are
sensitive to plasma after a few minutes of expo-
sure.

Keywords: Acanthamoeba, cysts, contact lenses,
corona discharge, IR spectra, Raman spectra, Mi-
crosporum, treatment of mycoses, Trichophyton
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Abstract:

Plasma agriculture is arapidly emerging
interdisciplinary field where non-thermal
plasmas are used to treat heat-sensitive
biological substrates, such as seeds and plants.
When dosed adequately, plasma-treated seeds
are observed to have accelerated germination,
enhanced growth, reduced water consumption,
increased crop yield and disease resistance, and
decreased levels of microbial pathogens.
Currently, more is known about how non-
thermal plasma influences the macroscopic
properties of plants but little is known about
how plants are affected on a molecular level.
Furthermore, it remains unclear which
component (reactive oxygen and nitrogen
species (RONS), heat, electric or magnetic
fields, UV, ions, electrons) are responsible for
an observed plasma effect on seeds and their
subsequent development. Here, we use Surface
Dielectric  Barrier  Discharge  (SDBD)
treatments of the model plant organism
Arabidopsis thaliana Columbia-0 to investigate
the underlying molecular effects of plasma
treatments.

Plant seeds were exposed to DBD plasmas, to
identify conditions yielding a phenotypic
change, specifically accelerated germination.
Variables during the treatment, such as
exposure time, distance, voltage waveform,
flow rate are considered, revealing that AC-
powered DBD with particular time and voltage
can hasten germination. Although it is unclear
which plasma component is responsible for this
effect, mRNA was extracted from plasma-
treated seeds 6 days after sowing and revealed
that the plasma treatment did indeed change the
molecular program in the plant and upregulated
the defense pathways. The type of defense
response was dependent on plasma time
exposure. Lastly, guidelines about protocol
recording are shared in an effort to synchronize
efforts in plasma agriculture to understand
which parameters are important for designing
plasma-seed treatments to ultimately transfer
this technology into industry.

Keywords: non-thermal plasma, Arabidopsis,
DBD, germination, seeds, molecular biology,
RNA sequencing, transcriptomics
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Abstract:

Antibiotics are used for control of bacterial
infections in humans and animals, for cancer
treatment and as growth promotion agents
(Sarangapani et al., 2019, Yuan et al., 2015). The
most used antibiotics worldwide are Beta-
lactams (B-lactams) which include penicillins,
cephalosporins, monobactams and carbapenems.
The common factor among them is a B-lactam
ring which they all share and they act the same
by binding to and inactivating the penicillin-
binding proteins (PBPs). The PBPs are
responsible for the formation of the bacterial cell
wall. (Meletis, 2016). Among the PB-lactams,
carbapenems are considered to be the most
reliable last-resort for treating Dbacterial
infections as they are the more effective against
Gram-negative and Gram-positive bacteria
(Figure 1) (Meletis, 2016, Codjoe and Donkor,
2017).

Wastewater treatment plants are not equipped for
the removal of antibiotics and degradation of
antibiotic-resistant bacteria (ARB) and antibiotic
resistance genes (ARGs) which have been
reported in treated drinking water, river water,
soil, and even air (Sarangapani et al., 2019, Yuan
et al., 2015). The World Health Organisation
(WHO) ranked the ARBs; Acinetobacter
baumannii, carbapenem-resistant and
Pseudomonas aeruginosa, carbapenem-resistant
as priority 1 (critical) because they pose a
particular threat (World Health Organisation,
2017). This threat is evident as patients with
infections caused by the critically ranked bacteria
consume more health-care resources, because
they are more at risk of worse clinical outcomes
and death than patients infected with non-
resistant strains of the same bacteria (World
Health Organisation, 2020). The aim of this study
is to investigate plasma-based technology as a
disinfection method that produces OH and other
discharges, to not only inactivate all bacteria but
also inactivate their genes, thereby eliminating
antibiotic resistance.

Keywords: carbapenem, antibiotic resistant bac-
teria, antibiotic resistant genes, disinfection, cold
atmospheric plasma.
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Figure 1: Molecular Structure of a Carbapenem
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Corrosion Protection Potential of Hard Nitride Based Coatings
Produced with PVD techniques
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Abstract:

Nitride based coatings, such TiN, TiAIN and CtN
are widely used in industrial applications. Their
high chemical resistance, hardness and wear re-
sistance makes them ideal coatings for a wide
range of applications such as cutting and forming
tools, automotive, aerospace and machine com-
ponents, biomaterials. Additionally, they are also
used as decorative coatings due to their appealing
colors and scratch resistance. The high self cor-
rosion resistance of these coatings also makes
them potential candidates for corrosion protec-
tion. However, the presence of defects, mainly
arousing from their columnar nature, that extend
to the substrate considerably restrict their appli-
cations for corrosion protection (Figure 1). An-
other widely accepted mechanism for accelerated
corrosion in the presence of these coatings is the
galvanic interactions between the substrate and
the coating. There are many studies in the litera-
ture on the improvement of the corrosion protec-
tion ability of these coatings. These studies are
concentrated on changing the morphology of the
coatings, interface or substrate.

Within the scope of this study, after giving an
overview on the corrosion of hard ceramic coated
materials, strategies for improvement of corro-
sion protection ability will be summarized. The
possible contribution of galvanic interaction of
these coatings with different substrate materials
to the corrosion of these systems will be specifi-
cally stressed and recent experimental results on
this topic will be presented.

Keywords: corrosion protection, PVD coatings,
hard nitride based coatings, defect, macroparti-
cles, galvanic corrosion.

Figure 1: The inherent defective nature of coat-
ings affect the corrosion protective ability of the
coatings by providing an electrolytic pathway
between substrate and coating.
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Anticorrosive PEO coatings on metallic cast heat enhancers for
thermal energy storage
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Abstract:

The increasing heat demand inflicted an intensive
development in heat storage techniques. Thermal
energy storage (TES) units use phase change ma-
terials (PCM), characterized by high enthalpy of
phase transition, to accumulate a large amount of
energy. During heating (charging) the PCM
melts and absorbs heat, and releases it while cool-
ing down (discharging). Eutectic salt mixtures
and salt hydrates (KNO3-NaNOs, MgCl,'6H,0,
LiNO;- KNO3-NaNOs, etc.) are often used for
this purpose (enthalpies: 100 J/g, 170 J/g, 168
J/g, respectively) [1-3]. Such materials, apart
from high enthalpy, feature low thermal conduc-
tivity. To overcome this issue, cast metallic spa-
tial structures, often called inserts, produced via
combined methods of additive manufacturing
and investment casting are proposed [4,5].

In molten salt hydrates environment, at elevated
temperatures, metal inserts are exposed to ag-
gressive, highly corrosive conditions, which may
adversely affect their quality and lifetime. For
this reason, the use of ceramic coatings obtained
by plasma electrolytic oxidation (PEO) is tested.
PEO is a method of coating lightweight metal al-
loys with oxide layers under the influence of high
voltage [6].

In the proposed work, the effect of different PEO
parameters (concentration of electrolyte solution,
duration of the process, voltage) on the quality of
the layers obtained on aluminum alloy (AC
44200) is investigated. Scanning electron micros-
copy (SEM) with energy dispersive spectroscopy
(EDS), X-ray diffraction (XRD) are utilized to
examine morphology and microstructure of pro-
duced PEO coating. To evaluate corrosion re-
sistance, the potentiodynamic test, as well as
long-term exposure to molten salts trials, are run.
Aluminum alloy and PEO coated samples are
subjected to molten MgCl,'6H>O environment at
the temperature of 130°C for different periods.
Corrosion products are defined. The best per-
forming coating is chosen to be tested in a lab-
scale PCM deposit and the charging-discharging
(heating-cooling) curves are recorded.

The research shows that the coating does not
affect charging and discharging process

significantly, while the lifetime of the structures
is notably prolonged.

Keywords: Thermal energy storage, plasma
electrolytic oxidation, PEO, aluminum, corro-
sion, Phase Change Materials, PCM, heat stor-
age, salt hydrates
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Self-healing core-shell nanofibres for corrosion protective coatings
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Abstract:

Protective coatings are applied to ensure durabil-
ity and easy maintenance of structures in order to
reduce failures, malfunctioning and minimize
costs. For this application, Self-healing materials
are distinguish by the ability to recover its prop-
erties and functionality after a damage. When ap-
plied in a coating, the healing agent can be intrin-
sic from the polymer and activated by an external
source of energy or stored in a container until it
receives a stimulus to act and autonomously re-
spond to it. For corrosion protective coatings, the
approach using nanocontainers are the most
promising ones, specially nanofibres due to its
aleatory orientation and entangled, inter-con-
nected, three-dimensional network. We produced
core-shell nanofibres using coaxial electrospin-
ning, in which the core contains the healing
agent. Based on silyl ester, our mechanism does
not require a secondary stimulus, once the dam-
age occurs, it cut the fibres and the core is ex-
posed to humidity. By hydrolysis, it creates a hy-
drophobic densified layer between the metal and
the corrosive atmosphere, protecting the sub-
strate (Figure 1). The nanofibers were character-
ized by Fourier-transform infrared spectroscopy
(FTIR), Scanning electron microscope (SEM)
and Thermogravimetric Analysis (TGA). To be
applied in a coating formulation, the nanofibers
were dispersed in a solvent and spray coated with
a polydimethyl-siloxane polymer (PDMS) ma-
trix. The protective behaviour and the healing
ability of the final coating were investigated by
Electrochemial Impedance Spectroscopy (EIS)
with a three electrode system and sea water me-
dia. The self-healing effect was evaluate after a
forced mechanical trigger and exposition to hu-
midity, during different time. The results ob-
tained so far intensified the potential of our core-
shell nanofibres as an advanced material to be
used in coatings in order to increase their dura-
bility and protective properties.

Keywords: self-healing materials, self-healing
coatings, core-shell fibres, anticorrosive coat-
ings, advanced protective coating, electrochemi-
cal impedance spectroscopy.
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Figure 1: Figure illustrating the three-dimen-
sional network formed by the fibres dispersed at
the coating layer (intact coating). The self-heal-
ing activity is also exposed, considering the me-
chanical damage as a trigger to initiate the pro-
cess.
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Abstract:

Despite the progress in the usage of renewable re-
sources, the oil and gas industries rely increasingly
on wells and reservoirs operating at high pressure
and high temperature (HPHT) conditions [1]. Un-
der such conditions, and in the presence of hydro-
carbons, seawater, and CO,, the substrate (steel)
corrosion rate increases, along with the risk of me-
chanical failures. To avoid material degradation at
HPHT, process equipment, transportation pipe-
lines, and underground storage tanks are normally
coated internally with high performance, epoxy-
based coating systems. Owing to the complex and
multi-phase situation at HPHT, substrate corrosion
and coating degradation cannot, at present, be pre-
vented, and the underlying degradation mecha-
nisms remain more or less unknown.

Using an exclusive three-phase batch reactor that
simulate the HPHT conditions [2], this investiga-
tion studies the influence of carbon dioxide (CO»),
present in the gas phase at conditions of HPHT, on
the degradation and surface interactions of an
amine-cured epoxy novolac (EN) coating. In addi-
tion, how the hydrocarbon associated surface sof-
tening (glass transition temperature depression) al-
lowed the dissolved CO; gas to diffuse into the EN
network is explained. In what way the synergistic
action of CO,, para-xylene, and seawater resulted
in an increased chain motion of the EN network,
subsequently allowing CO, and seawater ions to
diffuse the EN crosslinking to the steel substrate,
imposing underfilm corrosion (Figure 1b) is
mapped and discussed. Lastly, the rapid gas de-
compression (RGD), i.e. the depressurization to
ambient conditions, and its influence on the depo-
sition of underfilm corrosion products on the coat-
ing surface (Figure 1a) is described.

The findings, additionally, have the potential to
provide a muchneeded supercritical CO»-resistant
epoxy-based candidate to protect transport pipe-
lines for the next-generation carbon capture and
storage (CCS) domains.

Keywords: corrosion, glass transition tempera-
ture, crosslinking, seawater, hydrocarbons, oil and
gas, pipelines, batch reactor.

E10: N,+CO,+PX+SW
HC-SW

EN
COATING

Figure 1: (a) Scanning electron microscopy (SEM)
image showing corrosion products (later confirmed
as oxides of iron by elemental mapping) deposited
on the coating surface (marked with red circles)
when exposed to HPHT conditions, and (b) the
cross sectional SEM image of the exposed panel
displaying corrosion products at the coating-steel
interface (marked by red circles). The inset picture
shows the area of SEM scan (marked by the black
arrow). After [3].
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Abstract:

In this work, a sol-gel process is used to produce
organic/inorganic hybrid zinc rich coatings for
corrosion protection of steel. Compared to others,
the sol-gel process has several advantages, it is
often classified as an environmentally friendly
technology since the processing temperature is
generally low, chrome free and limits the emis-
sion of volatile organic compounds. On the other
hand, zinc coatings are efficient options to over-
come corrosion issues. Among them, zinc rich
sol-gel coatings are a specific type made of zinc
particles usually maintained together with an or-
ganic resin or a silicate binder, either solvent-
based or waterborne and have been developed
during the last decades. The evolution of this
technology has made it possible to develop effec-
tive anticorrosion thin films, thus opening up a
wider range of possible applications, particularly
in the field of fasteners.

The study describes the mechanisms of corrosion
protection of steel by the use of hybrid water-
borne zinc flake sol-gel coatings (Figure 1) in a
30 g/L NaCl corrosive medium. Different formu-
las were tested before and after immersion in the
aggressive medium for several weeks. Electro-
chemical Impedance Spectroscopy and Induc-
tively Coupled Plasma Optical Emission Spec-
trometry techniques were used and gave a deeper
understanding of the interfacial mechanisms and
chemical reactions taking place in the system,
showing that the film is actually increasing its
barrier effect over time. Scanning Electron Mi-
croscopy and X-Ray Diffraction (Figure 2) were
also performed and corroborated the previous re-
sults as they highlighted the formation of zinc
corrosion products through the coating. Finally,
some mechanical tests were also carried out and
combined to corrosion tests to determine the abil-
ity of the coating to maintain protection despite
mechanical loading.

Keywords: Corrosion protection, sol-gel coat-
ing, zinc-rich coating, corrosion products, elec-
trochemical impedance spectroscopy
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Figure 1: Backscattered electron image of the
cross-section of a hybrid zinc rich coating before

exposure
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Figure 2: Diffractogram of the surface of a hy-
brid zinc rich coating, before and after different
durations of exposure to 30 g/L NaCl
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Abstract:

The method of preparing the substrate is an im-
portant factor affecting the adhesion of the coat-
ings. The aging processes that polymer materials
are subjected to may adversely affect the adhe-
sion of coatings to the substrate.The influence of
surface roughness and aging process on adhesive
joint strength for polymer coating reinforced with
various rubber fillers to aluminium substrate was
investigated. As fillers, SBR (styrene-butadiene)
and EDPM (ethylene propylene diene monomer)
rubber waste were used. The resin and accelera-
tor were first mixed and 20% by weight of filler
was added. PA11 aluminium alloy was chosen
as the substrate, which was prepared in two dif-
ferent methods: using a primer or abrasive blast-
ing. Two different abrasives (F80 alumina or
GHA40 cast steel shot) were used for mechanical
treatment to obtain different roughness parame-
ters. The coatings were made of polyurethane
matrix and two different reinforcement materials
EPDM and SBR rubber fillers. 100 cycles of
thermal shocks were tested. One cycle is an hour,
samples were fed at 100 degrees Celsius for half
an hour and for another half an hour minus 40
degrees Celsius.

The pull-off strength test was performed using
the electronic hydraulic coating adhesion meter
PosiTest AT-A20 by DeFelsko. This device is
adapted to perform the pull-off measurement de-
scribed in the PN-EN ISO 4624: 2016 standard-
Microscopic examination of the samples before
the aging process was performed using an optical
and electron microscope.

Keywords: polymer coatings, waste rubber fill-
ers, aging process, shock thermalprocess, pull-off
strength,gloss measurements, roughness meas-
urements, polyurethane coatings, abrasive blast-
ing, electron microscope

High-vac. SEb PC-std. 15 kV.

Figure 1: Figure illustrating the microscopic
photo of a polyurethane coating with 20% by
weight of EPDM powder fille. The coating is ap-
plied to an aluminum substrate that has been

abrasive blasted with GH40 steel shot.
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Tungsten carbide surfaces: challenging PVD coatings by additive
manufacturing
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Abstract:

The mechanical protection of component sur-
faces against wear is typically achieved by the
deposition of hard coatings. Depending on the
kind of application suitable material combina-
tions and deposition techniques have to be se-
lected. Co-based tungsten carbide coatings are
generally obtained by physical vapor deposition
(PVD)!". However, a promising approach uses
3D printing to produce such coatings with en-
hanced adhesion and extreme wear resistivity?.
Comparing both coatings in tribological tests un-
der severe wear inducing conditions, it can be
found that the wear rate of additive manufactured
coatings is more than one order of magnitude
smaller as known for high quality PVD coated
surfaces. However, the coefficient of friction
highly depends on the surface topography™*. It
can also be obtained that microstructuring the
surface leads to an improved wear behavior.
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Figure:

Figure 1 shows the additive manufactured
WC/Co samples!?!. The left side depicts photo-
graphic images of a round sample printed in
checkboard patterns to minimize thermal stress
properties. On the right there are light micro-
scope images of the cross section of the sample.
It is separated into the three phases Substrate,
Bounding zone and the actual WC/Co coating.

Keywords:

tribology, coefficient of friction, microstructur-
ing, additive manufacturing, SLM, PVD, tung-
sten carbide, wear resistivity
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Abstract:

Diamond-like carbon (DLC) coatings are of great
interest for properties such as wear resistance,
low coefficient of friction, and chemical inert-
ness. Because of this, they are used in tools and
performance components in the automotive in-
dustry, improving the performance of sharp
edges, biomedical components, dielectric barri-
ers or barrier films on plastic.

For biomedical applications, diamond-like car-
bon coatings on austenitic 316L stainless steel
have been studied to improve their properties.
For this, duplex coatings composed of a nitrided
layer plus a diamond-like carbon coating have
been analyzed [1]. The DLC has been performed
using the HiPIMS technique using positive
pulses [2] and two nitriding layers have been pro-
posed, plasma inmersion ion implantation and
active screen plasma nitriding.

Friction and wear tests were carried out by means
of a balla on disc tribometer, hardness tests by
nanoindentations as well as adhesion analysis by
scratch test.

The results show us improvements in both adhe-
sion (Figure 1) and wear resistance of said duplex
coatings.

Keywords: HiPIMS, Positive pulses, DLC coat-
ings, active screen plasma nitriding, Plasma in-
mersion ion implantation, PIII, Adhesion, Wear
resistance.
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Figure 1: Figure illustrating the total delamina-
tion (LC3) of the ASPN duplex coating (400°C)
+ DLC after subjecting it to a scratch test whose
delamination occurred at a load of 82N.
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Abstract:

Nowadays, a new group of alloys, namely high
entropy alloys (HEA), is getting much attention
as a new approach to surface engineering. How-
ever, the fabrication of HEAs requires multistage
techniques, especially milling, sieving, compac-
tion, sintering, inert media, etc. These processes
are laborious, costly, time-oriented, and not suit-
able for commercial application. In this study, a
single-stage process-based HVOF thermal spray
was adopted to develop TiNbMoMnFe HEA
coating on SS304L substrates. The wear behav-
ior of the deposited HEA coating was explored
under different milling time durations (5h, 10h
and 15h, respectively). The effect of feedstock
preparation, microstructure, hardness and phase
distribution on wear resistance was also investi-
gated. The microstructure and composition of
both coating and feedstock were evaluated by
scanning electron microscopy (SEM) and energy
dispersive spectroscopy (EDS) analysis. Wear
resistance was formulated in terms of coefficient
of friction and wear loss. Finally, the phase dis-
tribution was correlated by XRD analysis. The
results showed that 15h milled powder coating
indicated better wear resistance than the base
substrate and 5h,10h milled powder coating. A
chemically stable BCC solid solution phase was
generated within the 15h milled powder-coated
system, and which resulted in the higher wear re-
sistance.

Keywords: High entropy alloys coating , wear

mechanism, HVOF coating, microstructure
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Figure 1: The process layout of (a) single stage
HEA coating and (b,c) coating-substrate interface
under different magnifiation
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Abstract:

The nature of interface in contact with living spe-
cies is the prime interest for bio-material applica-
tions. (biosensors, prosthesis, bio-implants...)
Chemistry, structure and microstructure of this
interface can be modified with physical vapour
deposition process. Previously, for the biosen-
sors, intense research activities were dedicated to
Ti-Ag PVD thin films regarding the biocompati-
bility of titanium, and anti-bacterial character of
silver. The electrical conductivity and the flexi-
bility characters of these films have been stud-

ied'; but, their damaging mechanism against rub- st s e T
bing was not anaylsed before. Nevertheless, their Figure 1: Cross sections and wear tracks of a,c)
wear characteristic is a significant issue in order Ti-rich, b,d) Ag-rich Ti-Ag films

to better understand the friction of bio-sensors

against clothes, skin and human body. In this References:
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study, the objective is to examine the effect of
film composition and environment on the tribo-
logical behaviour of Ti-Ag films in small scale in

situ conditions. Ti-Ag films were deposited with Ag thin films deposited on polymeric sub-
magnetron sputtering PVD in various Ag/Ti (at.) strates for biosignal acquisition applications,
ratios: pure Ti, low-, moderate- and high-Ag con- Surf. Coat. Tech., 358, 646.

tents. The tribological characterization of these
films were done with a novel approach which is
a laboratory-made reciprocating ball-on-disc mi-
cro-tribometer. The device can be introduced into
SEM chamber and also operable under Raman
spectrometer and it provides in sifu characteriza-
tion of the wear track in small scale. The tribo-
logical tests with this device can be conducted
under high and low vacuum and under different
atmospheric conditions (humid, inert gas...) into
environmental SEM chamber. First tests were
performed in order to analyse the effect of film
composition for Ti-Ag films. It was seen that Ag-
richest composition (Ag/Ti(at).=3.14) performed
enhanced tribological character thanks to the
solid lubricant effect of Ag-based clusters which
were formed during deposition whereas there are
spallation and lack of adhesion problems occured
for the other compositions. (Figure 1)

Keywords: small scale tribology, micro-tribo-

meter, environmental-SEM, PVD, thin films, in
situ, titanium, silver
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Controlling the tribological properties of hard coatings by substrate
egineering
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Abstract:

Friction and, in particular, wear at compo-
nent surfaces regularly pose challenges for
engineers. The key here is to find suitable
material pairings or surface modifications to
achieve the desired effects. A promising
method is the microstructuring of affected
surfaces. Methods such as laser surface tex-
turing (LST) have already become estab-
lished. It has been shown that the prior crea-
tion of appropriate structures can signifi-
cantly reduce the contact areas of the sur-
faces moving relative to each other and thus
the occurring wear [1]. In this context, the
density of the structure elements plays a key
role, anisotropic structures can further reduce
the friction [2].

The abrasive particles produced in the tribo-
logical process cause enormous damage to
the respective surfaces. The combination of
surface structure and hard coating allows
such particles to be trapped (Figure 1) and re-
moved from the frictional contact, which in
turn results in an increase in service life [3].
In the case of linear structures, an angular de-
pendence of the structure on friction and
wear is evident. Due to the variation of the
structure angle in relation to the direction of
stress, the wear on the layer and the counter-
body is different [4].

Keywords: friction, wear, surface engineering,
laser surface texturing (LST), surface technol-
ogy, tribology

Figure 1: Textured and hard-coated surface after
a tribological load. The yellow lines mark the
wear track. Shown in red are the trapped parti-
cles of the counterbody from the frictional con-
tact.
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Properties of DLC Coatings Deposited by HiPIMS
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Abstract:

The application of DLC coatings in dry machin-
ing of difficult-to-machine components have
been gaining popularity due to the high inertness,
low coefficient of friction and high hardness. The
effect of surface roughness on the tribological
properties of coatings is of paramount im-
portance but often overlooked; as coatings per-
formance analysis were mostly accomplished on
highly polished surfaces. The creation of mirror
polished surfaces is labour-intensive, and in most
circumstances not feasible for the industry for be-
ing a high energy and time consuming process!"),
Beside that, a minute grinding operation could re-
duce peak point of surface roughness and signif-
icantly improve the load bearing capabilities and
tribological properties of the coatings. This work
focuses on determining the effect of substrate
(WC-Co) surface roughness on the load bearing
capacity and tribological properties of the DLC
coatings deposited by High Power Impulse Mag-
netron Sputtering (HiPIMS) in Ne gas plasmal?!.
In this study, three different substrate with vary-
ing surface roughness (as-recived surface (As-
rec), Roughly polished (R-pol) and Mirror pol-
ished (M-pol)) were analysed through scratch
testing and their tribological performance were
tested in a reciporocating tribotest against
100Cr6 steel ball. The high surface roughness of
substrate resulted in increased COF and wear due
to the high level of asperities and can results in
premature failure of the coatings from the sub-
strate meanwhile causing swear wear to the coun-
ter body.

Keywords: WC-Co, HiPIMS, DLC coatings,
surface roughness, Wear, Adhesion
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Figure 1: Variation of COF of DLC coatings,
deposited on WC-Co substrate of different sur-
face roughness using HiPIMS technique. The in-
set graph illustrate the running-in for a time upto
500 sec. For As-rec sample, the COF doesnot
reached a steady state instead increases with time
in comparison with other samples (R-pol and M-

pol).
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Abstract:

Submerged surfaces are impacted by microor-
ganisms’ colonization causing many health and
environmental concerns. To prevent this coloni-
zation, coatings are applied to the surfaces. These
coatings often contain biocidal agents, leading to
problems of pollution and resistance[1]. Current
strategies tend to develop passive surfaces, free
of biocides, limiting colonization solely through
their physical, mechanical and chemical proper-
ties.

The marine environment is full of many poly-
mers with interesting film-forming properties. In
this work two types of polymers will be studied.
Firstly, chitosan, a biosourced polymer with
modulable mechanical properties, is a good can-
didate for the design of coatings. Chitosan is al-
ready known for the design of hydrophilic cross-
linked networks[2]. The ability of chitosan to be
cross-linked will allow the mechanical properties
and thus us to establish different formulations,
thus varying the cross-linking. The second poly-
mers studied are exopolysaccharides (EPS). They
are hydrophilic polymers produced by bacteria
and having interesting anti-adhesive properties. It
is an EPS produced by a marine bacterium from
French Polynesia of the genus Vibrio. This EPS
is described as having structural properties simi-
lar to hyaluronic acid (HA) (figurel), also sus-
ceptible to make cross-linked hydrogels.

The objective of this study is to design different
types of hydrophilic coatings in order to mask the
surfaces to the organisms thanks to a hydration
layer. The modulation of the physical, mechani-
cal and chemical properties of the coatings will
allow us to understand the impact of hydrophilic
coatings on the adhesion of organisms (bacteria,
diatoms and algae spores) and thus to propose
new alternatives to coatings containing biocides.

Keywords: antiadhesive coating, exopolysac-
charide, polymers, biomaterials, surface hydra-
tion, , biomedical applications, marine applica-
tions, hydrophilic coating.
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Figure 1: Figure illustrating MO245 and HA
structure. A) EPS hyluronic acid like, B) HA
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Adhesion-aided friction of viscoelastic materials
G. Carbone '**, C. Mandriota ' , N. Menga '
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Abstract:

In this lecture, we present preliminary results
obtained by our recent developed theory of
adhesive viscoelastic contacts [1]. The the-
ory explains most of the experimentally ob-
served phenomena emerging from the com-
bined effect of viscoelasticity and adhesion.
The study covers both local viscoelasticity,
occurring at the tip of propagating adhesive
cracks and bulk viscoelasticity, over veloci-
ties ranging from extremely low to extremely
high values.

We explains why a bell shaped behaviour of
the energy release rate is observed experi-
mentally in finite systems, and predict the ex-
perimental observation by Charmet and Bar-
quins [2], and those by Roberts [3]. The latter,
in particular, shows that the viscoelastic fric-
tion is strongly enhanced by adhesion, for ve-
locities below a threshold value, beyond
which visco-adhesive friction vanishes and
bulk-viscoelasticity becomes dominant.

Our theory provides fundamental insights
into the physical mechanisms that govern in-
teraction phenomena occurring upon contact
between two surfaces, thus it plays a major
role in a large number of physical phenom-
ena and engineering applications as in the
case of structural adhesives, pressure sensi-
tive adhesives (PSA), protective coatings,
tire friction, windscreen wipers, lubrication,
wear, sealings, to mention some examples.

Keywords: visco-adhesive friction, adhesion,
contact mechanics, viscoelasticity, polimers, soft
contacts, tribology.
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Figure 1: Figure illustrating the asymmetric
contact originated by the combined effect of vis-
coelasticity and van der Waals adhesive forces at
the interfaces, in a sliding/rolling contact. Re-

sults: (a) theory, (b) experiments (figure adapted
from Ref. [2])
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Compositional and topographical tailoring of tungsten carbide sur-
faces to control friction and wear under dry conditions

J. Albrecht, W. Schulz, F. Kéhn

Research Institute for Innovative Surfaces FINO, Aalen University, Beethovenstr. 1, D-73430, Aalen,
Germany

Abstract:

Modifications of the surface topography of hard
coatings on the microscale can lead to a substan-
tial reduction of friction and wear [1,2]. Alterna-
tively, benefial modifications of the mechanical
properties can be obtained by compositional var-
iations of the wear-resistant material introduced
by a systematically modified deposition process.
In this work results are presented that are ob-
tained on thin films of tungsten carbide that are
prepared by physical vapor deposition. The films
were deposited on steel substrates by magnetron
sputtering of WC in a mixed argon/acetylene at-
mosphere. Variation of the acetylene supply dur-
ing the deposition led to the growth of tungsten
carbide films with different carbon excess. Vari-
ation of the bias voltage affects both the stoichi-
ometry and the mechanical properties. The films
are supposed to combine good wear-resistant
properties with a low friction under dry condi-
tions. A tribometric analysis of friction and wear
under heavy load and dry conditions shows that
an excess of carbon can reduce the coefficient of
friction by up to 40%. However, an increase of
the wear volume is found with higher carbon con-
tent [3]. A comparision to additively manufac-
tured, bulky tungsten carbide surfaces [4] shows
that an optimization of wear-resistive tungsten
carbide surfaces can be found when considering
the microstructure, the composition and finally
also the properties of the substrate underneath.

Keywords: Hard coatings, tungsten carbide, film
deposition, friction, wear

Figure 1: Topography of a wear track on a WC
film with stoichiometric composition after dry

testing against a 100Cr6 steel ball under high
load for t= 10 min [3].
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Experimental and modelling based upscaling of new material concept
for journal bearings
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Abstract:

Journal bearing are used in a variety of applica-
tions to support rotating machinery. They are
used widely in e.g. combustion engines and
steam turbines [1], and lately they have been in-
troduced also to gear units of wind turbines. In
journal bearings the lubricant film is carrying the
load, avoiding metal-metal contacts of the sur-
faces, and influencing the friction performance of
the bearing. Therefore the lubrication status is es-
sential for the proper performance of the journal
bearings. The general challenge related to exper-
imental studies of bearing performance is relates
to interpretation of the results of small-scale tests
to larger scale components. This presentation de-
scribes the laboratory scale journal bearing tests
carried out and combined with MBS-FEM/EHD-
modelling to provide data that can be used in the
larger, pilot or product scale modelling as input
values and for improving bearing performance
and making estimates on e.g. the life-time of new
material concepts for journal bearings.

The experimental laboratory scale journal bear-
ing tests were carried out with a new material
concept for journal bearings. The tests were car-
ried out with different speeds ranging from 0.012
to 0.5 m/s and specific loads in the range 0.5 to
25 MPa. One target was to study the influence of
operational parameters on the predominant lubri-
cation regime and thus the friction performance
of the new journal bearing material concept. Fig-
ure 1 describes as an example the evolution of
friction coefficient in the speed ramp down -tests.
The friction shows typical Stibeck curve as the
sliding speed was ramped from 0.5 m/s to 0.012
m/s and back to 0.5 m/s. The friction evolution
describes the shift from fluid film lubrication to
mixed lubrication and further to boundary lubri-
cation. By utilizing the MBS-FEM/EHD model-
ling it is possible to study the range of sliding
speed when the shift between the lubrication re-
gimes occur. This information can be combined
with the larger e.g. product scale models. Also
long duration tests were carried out to study the
wear performance of the bearing material con-
cept and provide information for the life-time es-
timations.
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Figure 1: The friction evolution as a function of
sliding speed in the range 0.03 m/s to 0.5 m/. The
specific load was 20.5 MPa and the temperature
62 £ 2°C during the tests Test was repeated three
times.

Based on experimental and modelling approach a
modelling-based upscaling of experimental re-
sults can be carried out to enable the scale jump
to bridge the gap between the laboratory test
scale and the larger component scale. This ap-
proach can decrease the need to build expensive
components for testing purposes and diminishes
the number of higher scale experiments thereby
speeding up the materials up-scaling process.

Keywords: journal bearing, friction, experi-
mental, modelling, materials.
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Challenges to Testing - Rolling Contact Fatigue on Modern High
Strength Steels

V. Heino ", R. Parikka!, M. Lindroos', H. Ronkainen'

'VTT Technical Research Centre of Finland Ltd, Espoo, Finland

Abstract:

High quality, high strength steels are commonly
used in applications where the rolling contact fa-
tigue is one of the key failure modes, such as in
gear contacts in wind-turbine gear box. The size
of the wind turbines designed and build is in-
creasing and the demand to ever increasing
power to weight ratios is putting more pressure
towards improved fatigue life of materials.

The larger the component size, the higher is the
propability for the fatigue failure to occur, since
statistically the occurrence of material impurities
are higher than in smaller size components. This
lead to increased down-time for the power plant
or in worst case scenario (if sudden failure, with-
out clear indications via machine diagnostics) to-
tal failure of whole gear box.

The key player related to the rolling contact fa-
tigue is the purity of the material and also suffi-
cient hardness of the surface region with moder-
ate hardness gradient towards the inner section of
the component. Therefore many of components
that are in high risk to suffer the rolling contact
fatigue failure, have high hardness surface and
ductile inner section provided for example by
case hardening.

The high quality and purity of these steels inevi-
dentinly affect also the rolling contact testing.
For instance with twin disc type of testing de-
vices, the testing will take many weeks to show
any signs of macro-pitting even with the higher
loads. There is need to define the tests concept
and pay more attention on the characterization of
the subsurface region of the tested components.

This study relates to the defining the rolling con-
tact features with accelerated rolling contact fa-
tigue testing for case-hardened high strength
steels. It was observed that by accelerating the
rolling contact failures with artificial flaws which
concentrate high contact pressures in the surface
regions, rolling contact fatigue results can be ob-
tained in reasonable time. However, it should be
noted that with accelerated testing more precise
analysis of the rolling contact failure mechanisms
and the characterization of the material properties
should be made. Combined with characteriza-
tion, the crystal plasticity material model is

utilized in this study to increase understanding of
the phenomena related to the fatigue behavior of
these investigated high strength steel microstruc-
tures.

Keywords: rolling-contact fatigue, RCF, twin-
disc, high-strength steels.
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Figure 1: Macro-pitting failure on the disc dur-
ing accelerated RCF testing.
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The Dynamics of Capillary Bridge Formation in the Non-Contact
Regime

F. Cassin!, B. Weber!

'Contact Dynamics, Advanced Research Center for Nanolithography, Amsterdam, The Netherlands

Figure 1: Experiment design where the AFM probe is kept at
a stable distance above the smooth Si wafer with its native
water layer.

[nm]

The formation of liquid bridges between two
sliding surfaces due to capillary condensation
and its influence on friction and wear has
become a critical field of research in
nanotribology. Not only solid on solid contact
allows for the formation of water bridges but
also surrounding areas with a surface-to-
surface distance of a few nanometers, close
enough to form capillary bridges, can be much
bigger and therefore contribute significantly to
the normal load and friction of a sliding
interface.
This study utilizes the Atomic Force
Microscope (AFM) to understand the
formation of capillary bridges between a 30nm
radius probe and a laterally moving smooth Si
wafer surface at different tip-sample distances

which is kept stable by with the help of the Lift Mode. We further investigate how the sliding velocity
(0.2 to 100 pm/s) influences the nucleation rate and adhesion forces of the menisci formed at separation

distances between 0 and 4 nm.
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Recent in-silico models for wear calculation in total hip replacements

A. Ruggiero
Department of Industrial Engineering, University of Salerno, Fisciano (Salerno), Italy

Abstract:

Nowadays the biotribology of the human articu-
lations is a challenging topic in the framework of
the biomechanics research. A human synovial
joint is a complex tribological system able to
minimize friction and wear of the articulated car-
tilage surfaces, thanks to the mix of particular
natural lubrication regimes which are established
within the synovial membrane.

In the last years, the number of artificial hip
joints, as well as the amount of necessary eco-
nomic resources, are constantly growing [1]. This
surgical procedure, thanks to the excellent clini-
cal results obtained in the last decades, has
evolved rapidly to solve degenerative diseases on
the hip synovial joints. Hip arthroplasty is recog-
nized as one of the most successful orthopedic
surgical procedures, even if it involves chal-
lenges to overcome, such that lately, younger and
more active patients are in need of total arthro-
plasty. After total or partial joint replacements,
the articular functions are fully restored and the
patients return to a pain-free condition [2]. In this
framework it becomes necessary to guarantee
that new prosthetic designs, in terms of geometry
and adopted materials, have to be deeply ana-
lyzed and tested. Wear is still one of the main is-
sues affecting joint prostheses endurance, and of-
ten causes loosening accompanied by implant
failures. An accurate preclinical validation of
these medical devices is necessary in order to es-
tablish their tribological performances and re-
wear resistance.

Actual in vitro wear tests were executed by me-
chanical simulators and they have a long dura-
tion, are very expensive, and do not take into ac-
count all the possible daily activities of the pa-
tients. The challenge to obtain a complete in sil-
ico tribological and dynamical model of (bio)
tribo-systems could give the possibility to over-
come the actual testing procedures and could
contribute as a tool for a more accurate tribolog-
ical design of human prostheses [3,4,5,6]. This
speech is intended to underline actual research
trends toward the challenge of having accurate
numerical algorithms to be used both in preclini-
cal testing and in the optimizations of the pros-
theses design. With this aim was depicted the
possible in silico approach in artificial joints’
wear assessment over time, accounting for

contact mechanics, numerical stress—strain anal-
ysis, musculoskeletal multibodym, and synovial
lubrication modelling (boundary/mixed, hydro-
dynamic, and elastohydrodynamic).

Keywords: biotribology, THR, TKR, in silico-
musculoskeletal multibody systems.

Figure 1: Toward the accurate Total Hip Re-
placements in-silico wear testing.
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Wear Particle Dynamics Drives the Difference between Repeated and
Non-Repeated Reciprocating Sliding
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Abstract:

Although many applications involve repeated, reciprocated sliding of the same two surfaces against each
other, in many other real applications sliding occurs in a non-repeated fashion, one surface always en-
countering a fresh, unworn counter-surface. Examples of the latter include the tooling in materials pro-
cessing applications such as deep drawing, stamping and cutting, the read/write head of computer hard
drives, and the tip used in atomic force microscopy imaging, especially when used in lateral force mi-
croscopy mode. However, experiments performed to reproduce the friction behaviour in applications
are commonly carried out in a repeated fashion, for example using a pin-on-disk or repeated reciprocat-
ing test geometry, even when the actual application clearly involves non-repeated sliding. The potential
consequences this has for the tribological behavior are often overlooked. Here, the dependence of the
friction and wear behaviour on the sliding mode (repeated vs. non-repeated reciprocated sliding) is eval-
uated. Experiments were carried out with Al,O; (sapphire), silicon carbide (SiC) and glass balls sliding
against silicon wafers or glass flats, in ambient air at 21-23 °C and 20-60% relative humidity (Figure
1). For the material systems and conditions tested, repeated sliding was found to promote the formation
of a third body (compressed wear particles) that led to stabilisation of the friction. Non-repeated sliding
showed much less evidence of third body formation, and instead a steady increase in friction. The pro-
posed mechanism driving the non-repeated friction behaviour was attributed to a gradual reduction in
the ball surface roughness, leading to an increased area of real contact and potentially greater capillary
bridge forming and increased van der Waals forces across non-contact regions of the interface.

Keywords: friction, wear, adhesion, third-body.
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Figure 1: Friction measurements during repeated and non-repeated sliding of (a) a sapphire ball on a Si
wafer and (b) a SiC ball on a Si wafer. Insets in (a) show schematic illustrations of the sliding mode.
The inset in (b) shows glass ball on glass flat friction measurements. The shaded areas indicate the
standard deviation in the measured friction forces for a minimum of three identical independent experi-
ments. For the glass-on-glass friction experiments (inset 1b) each data point represents the average fric-
tion force for 4 cycles.
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Abstract:

Two-dimensional materials, in particular gra-
phene, exhibits a low friction coefficient and
good wear properties. However, the presence of
atomic defects, inherent to any large-scale pro-
duction, hugely influence the friction and other
mechanical properties of graphene. Up to date,
tribological studies of defective graphene com-
bine coexistent substitution-like and vacancy de-
fects with several defect size[1]. This leads to a
difficult interpretation and comparison of results,
and prevents from a fundamental understanding
of the role of defects on graphene friction.

In this work, we quantify the influence of con-
trolled-induced monoatomic vacancies in gra-
phene tribology using Atomic Force Microscopy
(AFM). This simplest and very common type of
defects is demonstrated to increase the friction of
graphene. Furthermore, friction coefficient is as
well enhanced by defects in a highly efficient
manner. Only 0.1% of defects yields to a five-
fold increase of friction coefficient[2]. At the
atomic-scale, we resolve monoatomic vacancies
in friction images showing a great correlation
with Prandtl-Tomlinson model atomic simula-
tions.

Thorough analysis of real space distribution of
friction data at the nanoscale reveals two main
contributions to friction enhancement. One is re-
lated to reactivity of dangling bonds localized at
monovacancy site (~Inm?2) and is responsible of
~ 20% of the increase. The other is a more ex-
tended one (~25nm?2) and arises from the long-
range strain distribution around vacancies, being
the main contribution to friction enhancement on
defective graphene. These results elucidate the
subtle connection between friction, reactivity,
and mechanical properties in two-dimensional
materials..

Keywords: Graphene, friction, vacancy, tribol-
ogy, defects
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Figure 1: a) Friction coefficient at different
mean defect distances, obtained from friction vs
applied normal force curves depicted at upper in-
set. Lower inset shows extracted friction coeffi-
cient values. b) 2D stress map obtained from
Molecular Dynamic simulations[3] in a region
surrounding a carbon monovacancy. c) and f)
Lateral force images centred on a carbon mono-
vacancy. d) Superposition of panels b) and c). e)
Experimental STM image of a carbon monova-
cancy acquired in UHV conditions. (courtesy of
I. Brihuega) g) Superposition of panels ¢) and f).
Both d) and g) panels show a clear spatial corre-
lation between the defect influence area on fric-
tion images acquired in the present work and pre-
vious theoretical and experimental results on
similar graphene monovacancies. Scale bar for
b) to g) images is 2 nm..
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wear behaviour of copper-tungsten disulfide composite
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Abstract:

The use of self-lubricating metal matrix compo-
sites undergoes an increasing interest in the last
decades due to the wide range of applications:
from the industry, to the automotive and aero-
space fields. This class of materials allows to in-
crease the efficiency of processes and machines,
decreasing the wear of components, hence the
time and costs due to maintenance, and the use of
energy required to overcome friction and wear.
This work analyses the influence of the operative
conditions during the production of a copper-
tungsten disulfide (Cu-WS;) composite via metal
powder metallurgy, evaluating the effects on
wear behavior. The powders follow a drying and
ball milling steps to eliminate the moisture and
humidity, then they are compressed by a defined
pressure load and for a selected time span, and
sintered. This study investigates the differences
in the produced material due to the use of differ-
ent pressure loads, i.e. 6 or 8 tonnes, different
time spans for pressing, i.e. 5 or 15 minutes, and
different seintering temperature, i.e. 550, 700, or
800 °C, evaluating different production paths.
The produced materials are characterized by den-
sity measurement, micro-indentation hardness
and wear tests. The absence of unwanted third
phases, that may originate from the sintering step
and oxidation processes, is verified by X-ray dif-
fractometry and Energy Dispersive X-Ray Anal-
ysis, and Scanning Electron Microscopy is used
to identify the possible wear mechanisms in-
volved. The effect of the different production pa-
rameters combinations is evaluated via wear test
and the wear rate have been calculated by confo-
cal laser scanning microscopy. The results high-
light that the pressure load influence on wear be-
havior is higher than the one of the pressure time
span, and increasing the load lower the wear rate.
On the other hand, higher sintering temperatures
determine the increase of porosity at the interface
between the copper matrix and the solid lubri-
cant, especially in the region close to the surface.
This turns to worst wear behavior with the rise of
delamination and debris formation. An optimum,

considering the selected operative condition, is
reached for the highest pressure load, lower pres-
sure time and lower sintering temperature.

Keywords: self-lubricating material, metal-ma-
trix composite, wear, metal powder metallurgy,
sintering

N

Figure 1: SEM picture of cross section of the
sample Cu-WS, pressed by 8 tons for 5 minutes
and sintered at 800 °C. Porosities (black) are
clearely visible in the more superficial region
and at the interface between the copper matrix
(grey) and the tungsten disulfide (white) in the
bulk.
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Fabrication of generated rough surface topographies through additive
manufacture for replication and study in various polymer materials

J. Perris', C. Kumar', Y. Xu?, N. Gadegaard', D. Mulvihill'
! James Watt School of Engineering, University of Glasgow, Glasgow, United Kingdom
?School of Mechanical Engineering, Hefei University of Technology, Hefei, China

Abstract:

The work presented here introduces an Additive Manufacture (AM) based method that facilitates the
production rough surface components from computationally designed topographies. The rough surface
components were designed and then 3D printed using an SLA process. The AM components are utilised
to produce rough surface topography replicas in various polymer materials. Two methods were
employed to produce the topography replicas. Firstly, injection moulded replicas of the topographies
were produced using the 3D printed components as the injection moulding inlay. This allowed the
production of components in polystyrene (PS) and indicates the viability to produce high numbers of
replica components in various thermoplastics. The second method involved the casting of low-viscosity
polymer resins onto the 3D printed components. This method demonstrated the ability to produce high-
resolution replicas of the topographies in various polymer materials. Two methods were used to
quantify and validate the quality of surface replication, cross-covariance function ratio (ACCF) and a
proprietary optical profilometry module designed for surface comparison. The results indicate high-
quality surface replication in both processes. Injection moulding yields a high-throughput method with
slightly reduced replication quality (ACCF = ~75%). While casting in low-viscosity polymer resins
enables very high-quality replication (ACCF ranging from 75-90% in the different polymer resins) but
a vastly reduced component production. Both methods yield highly promising results considering the
complexity of the generated topographies [1]. The fabrication methods outlined here are aimed at
allowing the generation and fabrication of varied topographies in a wide range of polymer materials for
study and application within a research environment.

Keywords: Additive manufacture, microstructuring, replication, polymers, contact mechanics
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Figure 1 - Fabrication methods for generating polymer replicas of rough surface topographies
(a)injection moulding fabrication route (b) polymer casting fabrication route.
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1-TRIBOMAT — The Digital Service Provider for Tribological Materials
up-scaling

Franz Pirker '

! AC2T research GmbH, Wiener Neustadt, Austria

1. Introduction

The potential for saving energy and reducing costs
[1] was the key reason to define tribology as its
own scientific discipline. Fifty-five years after the
birth of tribology, digitalisation and the Green Deal
are the drivers and challenges at the forefront of in-
dustrial development. How can tribology position
itself in the age of digitalisation? Which new digital
tools and possibilities should be taken advantage
of? What examples from other fields are there?
MaaS (“Mobility as a Service”) is a good example
of employing digital technology to develop a ser-
vice that satisfies the needs of the population as
well as the demands of resource efficiency and CO,
reduction. Such services demand for an innovative
digital business model and a flawless cooperation
between the stakeholders. In the area of simulation
and software, new business models and services are
already well established — SaaS (“Software as a
Service”) being a prime example. The trend goes
away from one-time purchases towards needs-ori-
ented usage and the suitable payment systems.
With the European research project i-TRIBOMAT
(“Intelligent Open Test Bed for Tribological Mate-
rials Characterisation”), the path towards TaaS —
Tribology as a Service — is presented

2. From Research Project to Service Provider

The EU-funded H2020 project i-TRIBOMAT de-
velops new digital services which facilitate the
rapid and cost-efficient selection of materials, as
well as the prediction of the tribological perfor-
mance of mechanical components. The project
connects the entire tribological characterisation in-
frastructure of five leading European research cen-
tres and links it to an IT-platform using IoT tech-
nology. This allows the client to choose between
over 100 different setups for material characterisa-
tion. The data is centrally stored and further pro-
cessed in a newly developed cloud-based material
database. The clients can access their data any time
and can easily request an advanced analysis or cre-
ate their own reports. Without needing a particular
expertise, clients can carry out simulations in vir-
tual workrooms, using their own material test re-
sults to rapidly and cost-efficiently predict their
product’s performance without constructing a

prototype. All digital services can be customised
and booked by the client on the web-based plat-
form. The connection of infrastructures and the
new digital services leads to Europe’s largest tri-
bology centre. The European Tribology Centre
(ETC) offers and markets all its services on a web-
based platform.

3. Tribology as a Service — TaaS — The Plat-
form

The European Tribology Centre’s core is a plat-
form on which various services can be booked —
from standardised tribometer tests and characteri-
sation services (service 1) to data-driven services
(service 2) and simulations in virtual workrooms
based on a SaaS concept (service 3) see Figure 1.

chamber pressu

sliding contact
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Service 3 - up-scaling

Figure 1: Overview services and integrated work-
flow

All three services combined conform the integrated
workflow to up-scale the material’s performance in
a tribological component. If a customer wants to
know how a new material would perform in his
component under operation, the material would be
tribologically tested, the test results and test data
stored in a secure manner. Ultimately, the test re-
sults would be fed to tailored simulation models in
a seamless workflow. These models up-scale the
performance of the component using real test data
as an input.

4. Conclusion

Digitisation is the opportunity and challenge that
European industry must take on and utilise. You
can't think in terms of isolated methods and hypes
like digital twins or simulation, but you must build
digital business models to offer added value to your
customers. Integrated platforms such as i-TRIBO-
MAT show the how usually competing companies
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can reposition themselves and thereby create a
unique marketplace. Together we are stronger.
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On the challenges in achieving comparable and reproducible tribologi-
cal model tests
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Abstract:
An infrastructure of more than 100 tribometers
(for The European Tribology Centre

i-TRIBOMAT) requires procedures which en-
sure that the respective results are characteristic
as well as descriptive, trustworthy, comparable,
and reproducible.

Many factors have an influence on the compara-
bility and reproducibility of tribological data. It
is therefore necessary to clarify the impact of
these influences on the raw data as well as their
processing and analyse the results, such as the
coefficient of friction and wear volume.

The statement “garbage in, garbage out” does not
only apply to numerical modelling. One of the
most important input of tribological model tests
are the samples used. Their composition, hard-
ness and roughness predestine the performance
of the tribological system. When performing
round robin tests to assess the comparability of
similar tribometers and set-ups, ideally identical
samples are even more crucial. In addition, the
respective properties have to be measured in a
harmonised way.
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Figure 1: An exemplary hardness distribution on
the functional surface of a sample.

Samples, that are as identical as possible, and
their characterisations are the first step towards
comparable tribological model tests. However,
further steps are required. Friction and wear are

often used to evaluate the performance of a tribo-
logical system. They suffer from the fact that dif-
ferent data processing methods exist that lead to
incomparable results [1,2].

This lecture will show improvements achieved
regarding the highlighted challenges.
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Digitalization of Tribological Systems for Decision-Making
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Abstract:

Introducing new materials and products to the
market in any of the sectors of transportation,
power generation or manufacturing, materials de-
velopment and up-scaling requires a clear under-
standing of the materials tribological behaviour
and durability under specific system operating
conditions. This requires long-term tribological
materials characterisation, large amounts of cap-
ital, and the availability of specific and often
complex testing in different test scales. To reduce
the risk, time and cost of research and industry
investment, digitization of tribological systems
and their characterization (physical and virtual)
is of paramount importance for sharing
knowledge, meeting safety and regulatory re-
quirements, improving resource efficiency, and
reducing the time-to-market. Due to the com-
plexity of a tribological contact and diversity of
characterization methods, the entire history of a
sample, its respective counter-body and interme-
diate media, and environmental conditions needs
to be captured for full traceability. The H2020 i-
TRIBOMAT' project brings together experts in
tribology characterization and modelling with
leading materials information management tech-
nology, with one of the objectives being to estab-
lish best practices for digitalization of tribology
characterization workflows for traceability and
end-user decision-making. In this talk, we will
explore the practicalities of establishing a mate-
rials information management system (Ansys
Granta MI?) along with the business case® and
best practices for digitalization for tribological
systems to support the ongoing services of The
European Tribology Center (ETC).

Keywords: tribology, digitalization, characteri-
zation, experimental, modelling, simulation,
data, metadata, Ansys Granta MI, FAIR, Ansys
Mechanical, up-scaling, business case

Figure 1: Tribology data for early-stage explo-
ration and selection, illustrating the range of co-
efficients of friction (CoF) and the influence of
humidity. This data provided by BAM is stored
in the Ansys Granta MI materials information
management system.
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From Characterisation Data to Material Product Performance
a Seamless Workflow

U. Cihak-Bayr'*
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Abstract:

The design process of tribological systems in-
volving new materials usually involve expensive,
time-consuming experimental tests on full com-
ponent scale. Within the European test-bed pro-
ject i-TRIBOMAT (,,Intelligent Open Test Bed
for Tribological Materi-als Characterisation®) we
present an approach to upscale material perfor-
mance and predict the product performance at an
early development stage.

The upscaling tools in i-TRIBOMAT have been
built based on the challenges of three use cases.
Here, we illustrate the one on self-lubricating
shaft seals operating in pneumatic cylinders.

Starting with customer requirements, the process
of downscaling selects the appropriate model test
and its parameter range. Downscaling is a com-
plex process involving not only expertise
knowledge on the specific application as well as
on available tribological test-rigs, but also makes
use of simulations. In the current use case, a FEM
simulation of the mounting procesure provides
the normal pressure ranges required in the model

test.

customers
new materials &
product design

I-TRIBOMAT The European Tribology Centre
tribotesting l up-scaling

Figure 1: Workflow for downscaling and up-
scaling of material performance

A model test is a tribological test performed with
small cupons of samples, easily produced for
wide variation of materials, following a standard-
ized procedures, to ensure full repeatability and
robustness of the generated data. These data on
friction and wear rate of the model-test experi-
ment serve as input data for the upscaling simu-
lation, which covers all the application specific
geometries, loadings and kinematic conditions.

Due to the complexity of a tribological contact
and diversity of characterization methods, not

only the test results have to be recorded in detail,
but also the metadata of the samples and the
tribological experiment, covering the entire his-
tory of a sample, its respective counter-body, in-
termediate media, and environmental conditions
needs to ensure for full traceability. The database
service of i-TRIBOMAT enables to search and
select for the appropriate input data for the up-
scaling simulation, following FAIR data stand-
ards.

The generated upscaling tools are universal in
terms of flexible parametrization to other materi-
als, here soft polymers such as other polyure-
thans, and to comparable loading conditions
leading to the same failure mechanism of the ma-
terial.

As any simulation is just as good as its input data
used, the centrepice of the services provided by
i-TRIBOMAT is the strong and seamless linkage
of experimental data and simulation modelling
activities. Trusted data are the basis for robust
predictions on component level behaviour of ma-
terials regarding friction or wear or combination
of both, thus enabling benchmark of materials
with respect to life-time or efficiency of a com-
ponent in a specific application.

Keywords: wear simulation, efficiency, seals,
performance, trusted data, standardized trbologi-
cal test.
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Success story in developing seal materials for pneumatic sytems
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Abstract:

Seals are interface substances that are placed be-
tween two different fluids (either liquids or
gases) that should not contact each other. In prac-
tice, a seal isolates internal functional fluid from
external environment, thereby preventing any
contaminations from outside as well as spillage
of the fluid to outside. The properties and perfor-
mances of seal materials are key to maintain the
system in ideal condi-tions. Since seal materials
experience repeated mechanical stimuli such as
load and shear stress, the robusticity against these
stresses are essential. Although the material’s
tribo-logical properties are of importance, practi-
cal materials are chosen empirically and the
tribological analysis is not always fully con-
sidered. A sophisticated method which eval-uates
and helps to select proper materials for individual
moving mechanical assembly (MMA) is highly
desired by seal manufactur-ers and users. Under
these circumstances, i-TRIBOMAT is challeng-
ing to develop a standard test method for seal ma-
terials, par-ticularly those for hydraulic systems.
For the i-TRIBOMAT purposes, TEKNIKER
used TESSA (TEsting Seal-ing System Appa-
ratus) to evaluate seal materials inhouse under
the conditions closely related to the real opera-
tion parameters. It also validates the models, pre-
sented by AC2T in this session, thereby giving
insight in the performance of the sealing systems.
Concisely, TESSA is a versatile equipment
which enables “upscaling protocol” for seal ma-
terials developed by i-TRIBOMAT consortium.
Here “upscaling” stands for the prediction of the
tribological performances in practice from the re-
sults with well-designed laboratory experiments
within the strategy of “lab-to-field” approach.
TESSA is an ideal equipment to bridge between
laboratory and practice. It also provides the com-
plemental relation between modeling and exper-
iment. By interfacing to the i-TRIBOMAT digi-
tal tools , the utility of TESSA is further en-
hanced. In this way, i-TRIBOMAT well organ-
izes three different phases in R&D — simple la-
boratory tests, in silico studies (modeling), and
component test with TESSA — that are often con-
ducted independently so far.

TESSA evaluates the effect of critical factors,
such as pressure, velocity, miss-alignment, and
temperature, on the performance of seal systems,

including lifetime prediction by accelerated tests.
Two main modules, a reciprocating setup and a
rotatory/oscillatory one, to test both reciprocating
and rotatory seals. Both parts consist of an actu-
ating system (electrical motor), a friction meas-
urement device and a modular test chamber tailor
made for each application. These specifications
meet the requirements of the industrial partner,
Trygonal who is manufacturing high quality plas-
tic and sealing materials with a wide range of
products and within advanced R&D strategy.
Their presence in the international market has
been dramatically growing in last decades. Pol-
ymeric lip seal materials newly developed by
Trygonal were investigated in this work. The ex-
perimental part behind the success story will be
presented herein.

~

Figure 1: Laboratory tribotest (up on the left),
Simulation tool and TESSA test bench.
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Game changing in material development throgh lab-to-field approach

Ichiro Minami

Luleé University of Technology, Luled, Sweden

Abstract:

Tribo-materials that construct moving mechani-
cal assemblies (MMAs) must be robust as struc-
tural materials and should provide lubrication
properties as functional materials. To date, fer-
rous materials are used in many MMAs with
combination of proper lubricants. Updated tech-
nological and environmental requirements for
MMAss arose the need of new tribology materials.
To meet these demands, i-TRIBOMAT develops
digital tools for material characterization and de-
sign particularly for tribology purposes [1]. This
work presents how i-TRIBOMAT solves the dif-
ficulties in “lab-to-field” protocol in R&D of
tribo-naterials. Successful examples with use
cases are also herein.

Historically, laboratory tribo-tests have been de-
veloped for trouble analysis of MMA operation,
thereby trying to find a solution. Later, several
standard tribo-tests have been authorized for
quality control of lubricants. Nowadays lubrica-
tion engineers often employ these standard pro-
cedures in lubricant R&D. On the other hand,
standardized protocol of designing tribo-mate-
rial is scarcely found, even for screening pur-
poses, so far. Since so many factors can/may in-
fluence the output signals, there remain uncer-
tainty in applicability of the results, while it costs
relatively high.

Figure 1 summarizes i-TRIBOMAT procedure.
The work begins with setting the “lab-to-field”
target in aid of i-TRIBOMAT digital tools. It fol-
lows to choose proper LAB tester and test matrix.
After obtaining positive results from the LAB
test, bench test (usually miniature sized practical
MMA) will be conducted. Contrary to conven-
tional trial & error procedure, i-TRIBOMAT pri-
oritizes significant test parameters to maximize
the time & cost efficiency in R&D. In addition, i-
TRIBOMAT utilizes existing resources of tribo-
testers owned by the consortium partners. More
than 100 tribo-testers that covers all round tribol-
ogy field are on standby. The digital tools well-
manage these tribo-testers and tester and experi-
ment setup will be offered properly for each task.
As i-TRIBOMAT digital tools are continuously
updating, the test results will be registered in the
database for utilizing further material develop-
ments and characterizations.
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Figure 1:

Workflow of new
material design.
i-TRIBOMAT digital
tools enable lab-to-field
upscaling in a
sophisticated manner.
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Effect of humidity on capillary adhesion and friction at silicon-on-sili-
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Abstract:

Capillary adhesion can indirectly contribute to
friction, especially at smooth interfaces in humid
environments. We present how capillary adhe-
sion and friction evolve with relative humidity at
multi-asperity Si-on-Si friction interfaces. An ad-
hesion model based on the boundary element
method (BEM) is employed to reproduce the hu-
midity-dependent friction behavior. It is found
that the decrease of capillary adhesion with in-
creasing relative humidity (20%-80%) leads to a
reduction in friction. Replacing the water with
isopropanol (IPA) at the interface can reduce the
friction even further. The low friction in dry en-
vironments is attributed to the lack of both capil-
lary adhesion and interfacial bonds. The contri-
bution of interfacial hydrogen bonding to the
friction is evidenced through heavy water im-
mersed friction experiments.

Keywords: Capillary adhesion, friction, multi-
asperity, bonding
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Figure 1: Figure illustrating the evolution of Si-
on-Si friction with relative humidity (RH).
Measurements were performed with increasing
and decreasing relative humidity to confirm that
hysteresis was absent. The blue and black dashed
lines indicate the experiment result, the simula-
tion result is represented by the green dotted line.
Inserts are two simulated contact maps under
20% RH (left) and 80% RH (right). The red,

white, and black regions in the contact map cor-
respond to the contact area, capillary area, and
non-contact area without water bridges, respec-
tively.
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Frictional properties and nano-mechanical analysis of surface-attached
hydrogels
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Abstract:

Tribological contacts account for about 23% of
worldwide energy consumption. While 20% of
this energy are used to overcome the friction, the
3% to repair wear failures. As a consequence,
friction and wear cause costs of 250 billion euros
every year and they are responsible for the emis-
sion of 8120 Mt of CO» [1].

This problem can be solved by creating materials
which exhibit low friction, and therefore prevent
the wear phenomena and minimize energy loss.
Natural systems can be an inspiration for the de-
velopment of technical systems because of their
high efficiency, durability, and their ability to
adapt themselves to new environmental situa-
tions. The evolutionary process has led to spe-
cialized surfaces where friction is adjusted to
meet the requirement of the living organism for
different purposes, for example the synovial joint
of mammals, in which the synovial fluid plays a
crucial role as water-based lubricant [2].

In this context, hydrogels are promising materials
because they consist of a solid matrix, able to re-
cover their initial shape after stress release, and a
high content of water, similar to biological tis-
sues.

The goal of this work is to investigate the me-
chanical behavior and frictional properties of hy-
drogels covalently attached to a rigid substrate
(glass, silicon wafer) by C,H-Insertion Crosslink-
ing (CHic) via UV radiation. CHic is a novel
crosslinking method in which crosslinking and
covalent attachment to the substrate occur simul-
taneously, as reactive groups are incorporated
into polymer chains by a copolymerization reac-
tion [3]. Moreover, it is important to investigate
the role of the indenter geometry on these mate-
rials with nanoindentation experiments. When
the surface-attached hydrogel is compressed, the
polymer network undergoes conformational tran-
sitions between compressed and stretched chains
and this is strongly dependent on the shape and
size of the slider. As a consequence, a change in
the geometry of slider (spheres of different ra-
dius, pyramid) might lead to different mechanical
behavior.

Keywords: tribology, friction, wear, synovial
joint, hydrogels, surface modification, CHic re-
action, nanoindentation, contact mechanism, in-
denter geometry.

%MM

Application

Material

\ Nature
N/

N—n

.
Figure 1: Figure illustrating the fundamental
challenge of this project. Inspiration from the na-
ture (synovial joint) leads to create new surface-
attached hydrogels for CHic reaction. The final
goal is to get low friction surface materials for
any type of application.
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Ti3C2Tx Nano-Sheets: Substrate-Dependent Tribo-Chemical Reac-
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Abstract:

MXene nano-sheets are an emerging class of 2D
materials composed by nitrides or carbides of
transition metals, obtained by removing the A
layers from their corresponding MAX phase.
Among MXenes, Ti3C2Tx represents a promis-
ing material for mechanical applications, related
to its hardness, high melting point and good cor-
rosion resistance, together with very good tribo-
logical properties due to the easy-to-shear ability
between adjacent layers [1,2]. This work reports
on the lubricating properties of Ti3C2Tx ethanol
suspension (1wt.-%) drop-casted on Fe and Cu
substrates, tested in ball-on-disc configuration
using an AISI-440C counter-boby. For both sub-
strates, the presence of the nano-sheets reduces
friction, keeping the COF low and stable well af-
ter ethanol evaporation. However, in case of Cu,
the effect is much longer compared to Fe, with a
35-fold increased lifetime. The analysis with Ra-
man spectroscopy reveals very different scenar-
ios for both substrates. In case of Fe, the progres-
sive failure of MXene is due to the formation of
oxides on both the substrate and the counter-
body. Differently, in case of Cu, sliding induces
the formation of a Ti3C2-based tribolayer on the
substrate and steel ball, justifying the observed
long-lasting effect. The observed tribological
performance, together with their good mechani-
cal properties, make Ti3C2Tx nano-sheets an ex-
cellent candidate to be used as nano-additives for
lubrication purposes. Further, this work aims at
boosting theoretical and experimental studies on
MXenes tribo-chemical processes.

Keywords: MXene nano-sheets, Ti3C2Tx, Fric-
tion, Raman Spectroscopy.

Figure 1: Scanning electron micrographs of
Ti3C2Tx nano-sheets.
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A Novel Restrictor Design for Hydroststic Bearing
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Abstract:

It was kown that a high static stiffness hydrostatic
bearing system can be achieved as membrane re-
strictor are properly designed [1,2]. And the di-
mensionless stiffness of the membrane K, and
the design restriction ratio A are the two key pa-
rameters for membrane restrictor design. It was
found theoretically that high bearing stiffness can
be achieved within some loading region (i.e.
W/A.P; = 0.2 —0.5). However, the stiffness
of the bearing is very low in light loading region.
In this study, a new design of restrictor was pro-
posed. A series of simulations were conducted to
simulate system pperformance. The main ad-
vantages of the proposed restrictor are increasing
the flexibility of providing high stiffness at de-
sired loading region; and improving the stiffness
performance of the bearing system at light load-
ing region. In order to verify the performance of
the proposed design, a series of experiments were
conducted. It was shown that the test results were
quite close to the simulation results for bearing
compensating with both single membrane and
dual membrane restrictors. And as expected, the
proposed dual membrane restrictor can improve
the performance of the bearing in light loading
region.

Keywords: Diaphragm controlled restrictor,
Membrane restrictor, Hydrostatic bearing
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Figure 1: Figure illustrating the comparison be-
tween single membrane restrictor and the pro-
posed design on clearance ratio and static stiff-
ness of the compensated hydrostatic bearing.
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Skin friction: mechanical and tribological characterization of different
papers used in everyday life
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Abstract:

The degree of comfort or the degree of discom-
fort is often incorporated in the materials selec-
tion by manufacturers of different skin-product
interactions. According with recent studies, soft
and smooth materials are pleasant, and those that
were stiff, rough, or coarse are unpleasant [1].
Analysis of comfort and discomfort in such a
products that involve sliding, reveals the relative
importance of skin friction as well the defor-
mation of the skin during sliding. In fact, the ex-
ploratory procedure that is used to touch a surface
is similar to determining friction in a tribological
test, since by pressing your skin at the sliding sur-
face and feel specific features (touch perception),
friction is generated in the contact. The coeffi-
cient of friction for different contacting materials
against skin is mainly influenced by the nature of
the materials (synthetic and natural fabrics), me-
chanical contact parameters (interfacial pressure
and sliding velocities), and physiological skin
conditions (ambient humidity and skin moisture
content) [2]. In the present research work, 7 dif-
ferent types of paper used in everyday life were
analysed. The physical properties of this materi-
als were determined, through tensile tests and
friction tests. After that, tactile perception ques-
tionnaires were performed, where 29 volunteers
assessed the different types of paperona 1 to 5
haptic scale. By comparing physical properties
with tactile qualities, it was possible to conclude
that the coefficient of friction is strongly corre-
lated with the sensations of softness and pleasant
touch.

Keywords: human skin, coefficient of fric-
tion, paper, mechanical properties, relative
humidity

b Load cell (2 axis)

Tip

Figure 1: Portable measuring probe to meas-
ure skin friction: (a) picture showing the O-
ring and a type of paper and, (b) schematic
picture of the multi-component force sensor.
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Optical design, microstructural characterization and high-temperature
in-air stability study of solar selective coatings based on aluminium-
(titanium, chromium) oxynitride multilayers
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Abstract:

The development of new solar selective coatings
(SSCs) operating in air at high temperatures is an
actual challenge for the development of Genera-
tion 3 concentrated solar power (CSP) plants. In
particular, current central tower systems operate
at maximum temperatures of 550 °C mainly due
to the severe degradation that the state of the art
absorber paints (i.e. Pyromark®) suffer at higher
temperatures. Aluminium metal oxynitrides
AlyMe;yOxNix (Me = Ti, Cr) prepared by physi-
cal vapour deposition (i.e. cathodic vaccuum arc
and HiPIMS) were selected as candidate materi-
als for SSCs on the basis of stability considera-
tions of the tentatively formed nitrides and ox-
ides. The optical properties of these films can be
controlled in a wide range from a metallic to a
dielectric character by varying the oxygen and ni-
trogen content.

In the last years we have performed an extensive
research on the design, fabrication and high-T ex-
posure of SSCs based on aluminium-titanium
[1,2] and aluminium-chromium oxynitrides [3].
Once single thin films were fully characterized
by ion beam analysis, scanning and transmission
electron microscopy and X-ray diffraction, com-
plete SSCs were designed with optical simula-
tions, based on measured optical constants of
each of the individual layers, providing excellent
optical selective properties in terms of solar ab-
sorptance (o) and thermal emmitance (ezr). The
selected multilayers stacks were deposited, ob-
taining excellent agreement between simulated
and experimental reflectance spectra. Finally, the
thermal stability in air of the complete deposited
SSCs was analyzed by isothermal and cyclic
heating tests simulating operating conditions.
AlyTi1(OxNix) SSCs showed no degradation af-
ter 750h of cycles in air at 600°C and these results
were compared with in-sifu high temperature an-

nealing performed in vacuum at the multi-cham-
ber cluster tool situated at the Helmholtz-
Zentrum Dresden-Rossendorf (HZDR) [4], con-
firming that these stacks withstand breakdown at
600°C in air and 800°C in vacuum. Al,Cr;.
y(OxNix) SSCs stacks presented a good solar se-
lectivity with a > 95% and &r < 15%, and ful-
filled the performance criterion after 600 and 700
°C short term heating treatments. At 800 °C, they
underwent a further structural transformation,
provoked by the oxidation of the inner layers, and
they consequently lost their solar selectivity.

In this invited talk, we will summarize these re-
sults and present current research strategies to
further improve the performace of the developed
materials.

Keywords: solar selective coatings, thermosolar
energy, PVD, thin films, in-situ characterization.
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SYNTHESIS OF GRAPHENE-SUSPENSIONS BY PLASMA-IN-
LIQUID PROCESS FOR THIN FILM COATINGS OF POLYMER-
MEMBRANES FOR FUEL CELL APPLICATION
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Abstract:

Over the past years, the need for graphene-based
nanomaterials for new energy storage and con-
version technologies is rapidly growing. In the
new concepts for membrane electrode assemblies
for polymer exchange fuel cells (PEMFCs) , gra-
phene maybe used to for coating of proton con-
ductive membranes to prevent permeation of un-
desired species such as methanol and improve se-
lectivity of the electrolyte. However, availability
of of cost-efficient synthesis processes to obtain
high-quality graphene for coating of Nafion in
large-scale membrane production is still a chal-
lenge. Recently, plasma in liquid (PiL) synthesis
processes are developed as eco-friendly rapid
single-step procedures to obtain ready-to-use na-
nomaterial suspensions, possessing a tremendous
potential to increase performance and cost-effi-
ciency of manufacturing for nanomaterials [1].
In PiL processes, synthesis reactions occurs over
comparably very short processing times such as
minutes whilst achieving favorable properties
such as high crystallinity and purity of nanopar-
ticle suspensions. [2]. This paper presents a new
PiL route to produce graphene suspensions. Gra-
phene production is achieved via plasma-induced
hydrocarbon cracking using ethanol as a precur-
sor [3]. The experimental set-up is based on a
rod-to-rod cell configuration using tungsten elec-
trodes and applying pulsed DC voltage, 300 kHz
frequency, and short pulse length within the ns
range. Structural characterization of the obtained
product by electron microscopy, X-Ray Photoe-
lectron Spectroscopy and Raman spectroscopy
revealed two-layer-graphene. Byproducts such as
phenylethylene, styrene, and naphthalene were
obtained to be in the ppm range by mass spec-
troscopy. Characterisation of formulated suspen-
sions showed high stability over the duration of
90 days. Suspension were founf suitable for coat-
ing of Nafion membranes and application as Gra-
phenBlocker-electrolytes in membrane electrode
assemblies for direct methanol fuel cells.

Keywords: Plasma-in-liquid processing, coating
technologies, proton conducting membranes,
polymer exchange fuel cells , graphene suspen-
sion.
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Figure 1: Schematic image of synthesis of PiL
method using ethanol for coating production
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Impact of Crosslinker Chemistry and Concentration on Reinforcement
of GO Composites for Water Filtration Applications
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Abstract:

Crosslinkers are important for GO plates in fil-
tration applications because they help to define
and maintain the integrity of the nanoscale chan-
nels. The rheological behaviour of GO based
gels was studied to evaluate the effectiveness of
three different types of crosslinkers. The G’/G”
crossover yield stress values were used to esti-
mate the ability of GO based gel membranes to
withstand pressures applied in water filtration
applications. Analysis of amplitude sweep rheol-
ogy data for various concentrations of OA-POSS
(rigid cage), as well as short (My = 0.8k) and
long (My, = 25k) chain branched PEI (flexible)
crosslinkers, shows that crosslinking with either
of two PEI polymers increases the yield stress of
GO membranes up to 20 times more than the
OA-POSS crosslinker. Overall, the addition of
all three crosslinkers tested, significantly in-
creases the elastic modulus of the GO mem-
branes, compared to uncrosslinked GO. This in-
crease in the elastic modulus is significant in en-
suring the membranes resist distortion under
pressure. Membranes crosslinked in-situ are
swollen with water. A further investigation was
carried out to study the effect of compression of
a PEI crosslinked membrane by decreasing the
distance between the geometry head and sample
plate. This shows an increase in the elastic mod-
ulus of the PEI crosslinked membrane by 150%
within the ranges tested due to the selective ex-
clusion of water from the composite under com-
pression. The yield stress of all three types of
composite membranes increases up to a certain
concentration of the crosslinker, before decreas-
ing again which may be attributed to the satura-
tion of available sites on GO nanosheets inhibit-
ing crosslinking.

Keywords: graphene oxide (GO), yield stress,
filtration, octaammonium polyhedral oligomeric
silsesquioxane (OA-POSS), polyethyleneimine
(PEI), elastic modulus, nanosheets
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Figure 1: Graph showing the change in G’/G”
crossover yield stress values for crosslinked GO
membranes with increasing concentrations of the
three different types of crosslinker.
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Validation of complex plasma chemistries: CO; as a case study
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Abstract:

Low-temperature molecular plasmas are com-
plex systems, where energetic electrons initiate a
rich non-equilibrium chemistry by transferring
their energy to the heavy-particles in a variety of
collisional processes, that include excitation of
vibration and electronic states, dissociation, and
ionization. The presence of different particles,
with specific properties and energies, makes
these plasmas useful in a wealth of applications,
ranging from aerospace to nanotechnologies.
However, the different kinetics become strongly
coupled and difficult to disentangle, so that it is
often difficult to indentify the dominant phenom-
ena and to optimize the plasma source for a par-
ticular application. Modelling emerges as a pow-
erful tool, both to qualitatively interpret physical
mechanisms and to quantitatively make predic-
tions for real applications, ultimately leading to a
better understanding of the relevant processes
and input data. A key element is model valida-
tion, i.e., the comparison of simulations with
experimental results or observations.

In recent years, several laboratories in Portugal,
France, The Netherlands, and Russia have en-
gaged in a collective effort to systematically pur-
sue a strategy for the development of kinetic
models and validation of plasma chemistry
schemes in molecular plasmas. CO, plasmas
were chosen as a case-study, due to their im-
portance in applications and the inherent cou-
pling of electron, vibration, chemical, ion and
surface kinetics [1]. The approach focuses on the
design of experiments where specific aspects of
the plasma kinetics can be isolated, providing the
ideal testbed for validation of a particular aspects
of the kinetics and the associated collisional data.
Such step-by-step validation procedure has al-
ready allowed the validation of: complete and
consistent cross section sets for CO; [2] and CO
[3,4]; vibration-translation (V-T) and vibration-
vibration (V-V) energy exchanges [5], and elec-
tron-vibration (e-V) input of vibrational energy
[6] in low-excitation conditions; atomic oxygen
recombination kinetics [7,8]; the electron impact
dissociation cross section [9]; dynamics of gas
heating in the afterglow [10]; back reaction

mechanisms at low pressure [11,12]; chemical
kinetics in vibrationally-cold plasmas [13]; and
plasma chemistry in vibrationally excited plas-
mas [14,15]. The extension to other gases and
mixtures will also be discussed at the conference.
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guese FCT-Fundagdo para a Ciéncia e a Tecno-
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Keywords: CO2 recycling, molecular plasmas,
modelling, validation, reaction mechanism.
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Abstract:

To reduce the fossil-fuel consumption and the
impacts of conventional ammonia production on
climate change, green ammonia production pro-
cesses using green hydrogen and reaction inten-
sification need to be investigated. Therefore, this
work proposes a novel thermally integrated pro-
cess design for the connected H, production from
biogas and NH3 synthesis by means of plasma
technology. Raising the temperature of the non-
thermal plasma (NTP) process, which is typically
below 100°C, can be achieved by taking ad-
vantage of the heat released from the high tem-
perature plasma (HTP) process. The integrated
process was modelled and chemical kinetics sim-
ulations in the NTP section was conducted to de-
termine the thermodynamically feasible operat-
ing window of this novel combined plasma pro-
cess. Results suggest that an NHj3 yield of 2.2%
can be achieved at 302°C at an energy yield of
1.1 g NH3/kWh. Cost calculations show that the
economic performance is far from commercial,
mainly because of the too low energy yield of the
NTP process. However, when our costs are based
on the best literature value and plausible future
scenarios for the NTP energy yield, a cost predic-
tion of below 463$/ton NH3 can be reached,
which is competitive with conventional small-
scale Haber-Bosch NHj synthesis for distributed
production. In addition, it is demonstrated that bi-
ogas can be used as feed, thus allowing the pro-
posed integrated reactor concept being part of a
biogas-to-ammonia circular concept.

Keywords: ammonia synthesis, biogas, nonther-
mal plasma, high temperature plasma, integra-
tion.
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Figure 1: Schematic illustration of the pathway
for the conversion of biomass to fertiliser using
anaerobic digestion, thermal plasma, and non-
thermal plasma.
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Plasma-catalytic coupling in a nanosecond pulsed discharge plasma
for CO: recycling

M. Faedda "**, B. Samojeden ', L.M. Martini 2, M. Motak ', P. Tosi *
! Department of Fuel Technologies, AGH University of Science and Technology, Cracow, Poland
2 Department of Physics, University of Trento, Trento, Italy

Abstract:

Carbon Capture, Storage and Utilization (CCSU)
technologies can help us tackle the problem of
cutting down greenhouse gas emissions. With
CCSU the chemical processing of CO; treats this
compound not as a harmful pollutant, but as a
source of carbon that can eventually lead to value
added products. Dry Reforming of Methane
(DRM) is, in this context, already an established
process for the conversion of carbon dioxide and
methane into synthesis gas, even though it still
struggles to become a mature industrial technol-
ogy. Thermal catalytic DRM is the most wide-
spread process '. However, plasma-activated and
plasma-catalytic DRM uderwent an increased in-
terest in the recent years, due to improved effi-
ciency and performances. Nevertheless, the inter-
action between unconventional types of plasmas
and catalysts is still an unexplored field. In our
experiments, the chosen plasma discharge is a na-
nosecond pulsed discharge plasma (NRP) oper-
ated at atmospheric pressure, which has been
characterized in the DRM reaction by Scapinello
and Montesano®®. NRP is gaining growing atten-
tion as one of the most energy-efficient methods
to promote chemical reactions, by taking ad-
vantage of the high electron densities and elec-
tron energies that can be produced. At the same
time, due to the high temperatures reached, the
coupling with a catalyst is only possible in a post-
plasma catalysis configuration, where the risk of
non-activation of the catalyst by the plasma is
proportional to their distance. In our work, we
synthetize a ceramic monolith foam catalyst that
surrounds the discharge in a co-axial geometry
from a close distance. The enhancement in the re-
actants conversion and influence on the products
selectivities is studied as a function of different
parameters, such as pore density, support mate-
rial and active phase choice.

Keywords: plasma-catalysis synergy, post-
plasma catalysis, nanosecond pulsed discharge,
methane dry reforming, Ni-based catalyst, mon-
olithic catalyst, porous catalyst, foam replica
method, ceramic catalyst.
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Effect of morphology of nanostructured CeO: supports on
plasma-assisted CO2 methanation

B. Musig'?, M.E. Galvez?, M.V. Navarro'
!Instituto de Carboquimica (CSIC), Zaragoza, Spain
2 Institut Jean le Rond d’Alembert, CNRS UMR 7190, Sorbonne Université, Paris, France

Abstract:

CO; methanation, i.e. through the Sabatier’s re-
action, is a promising technology for the valori-
zation of CO,. It allows both the synthesis of a
carbon-neutral fuel and the storage of off-peak
renewable electricity (power-to-gas concept).
The Sabatier’s reaction is exothermic but
strongly hindered by kinetics. It has been recently
demonstrated that the use of a non-thermal
plasma in combination with a Ni-containing cat-
alysts results in an enhanced reaction yield even
at atmospheric pressure and mild reaction tem-
peratures (around 200°C)'. Plasma-catalyst cou-
pling still represents one of the biggest chal-
lenges. Tailoring and optimizing the physico-
chemical and electro-chemical properties of cat-
alytic materials can lead to improved catalytic
performance and lower energy consumption.

In the present study, different nanostructured

CeO; supports were prepared for the Ni catalysts,
to be used for CO, methanation in a dielectric
barrier discharge (DBD) reactor, with focus on
the contribution of CeO, morphology on the
properties of the catalysts and their performance.
The morphologies such as polyhedral nanoparti-
cles, nanorods or nanocubes were tuned through
the modification of their hydrothermal synthesis
conditions, following a design of experiments
(DOE) procedure. Subsequently, the supports
were wet impregnated with 15 %wt. Ni. The cat-
alysts were characterized by means of XRD,
XPS, H, TPR, CO; TPD, TGA, and N phy-
sisorption. “Post mortem” characterization of the
materials was performed as well, in order to as-
sess the impact of plasma on their structure and
physico-chemical properties.
We report that the the synthesis conditions of the
CeO; supports strongly influence their physico-
chemical properties as well as their plasma-as-
sisted catalytic performance. Different physico-
chemical properties were considered and linked
with the yield in plasma catalysis. Electrochemi-
cal characterization and in-plasma behaviour
study are due in order to gain further information
on the properties of these materials and to have a
clearer insights on their impact on the plasma-
asissted catalytic process.

Keywords:
Plasma catalysis, non thermal plasma, dielctric
barrier discharge, cerium oxide, nickel,

nanostructures, CO, methanation, carbon capture
and valorization
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Figure 1: Scheme to elucidate the main points
considered in this study: how the synthesis pa-
rameters affect the morphology and the physico-
chemical properties of Ni/CeQO, catalysts and
how to match these characteristics with the cata-
lytic activity for plasma-assisted methanation.
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Study on the mechanism of plasma-assisted CO> methanation over
Ru-zeolite catalysts in a DBD operando FTIR cell.

Domenico Aceto '**, Federico Azzolina-Jury?, Carlos Henriques'
' CQE-DEQ, Instituto Superior Técnico, Universidade de Lisboa, Lisboa, Portugal
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Abstract:

CO; methanation is a weel-known reaction that is
advantageous in using CO; as a building block in
the production of fuels, thus contributing to miti-
gate greenhouse gases emissions and fight the is-
sues tied to climate change [1]. The traditional
thermal pathway requires the use of a catalyst and
high tempertures to activate the reaction, which
could cause several drawbacks. An alternative
for using thermal energy is the use of an energy
source capable of activating the reactants at low
temperature: non-thermal plasmas. In the last
decade, in fact, a new branch of plasma science
has been emerging: plasma-catalysis, whose ob-
jective is to enhance catalytic reactions by adding
a plasma to the reaction cycle [2]. Of particular
interest is the utilisation of dielectric barrier dis-
charge plasma-induced catalysis, aiming at in-
creasing products yield (by modifying energy
barriers of catalytic pathway) with simultaneous
low power consumptions [3]. Although promis-
ing, this novel approach poses unknown and crit-
ical aspect concerning the design of the catalyst
and its interactions with plasma [4] (figure 1).

Consequently, in the present work different Ru-
based zeolite supported catalysts were prepared
to study their behaviour in a DBD plasma-cata-
lytic setup, allowing to observe how different
properties of the catalyst can affect the reaction
pathway. A novel atmospheric pressure DBD op-
erando FTIR cell was designed and utilized to
study the reaction mechanism and to follow the
formation of different species in the plasma and
at the surface of the catalyst. CO was found to be
the main product of the reaction coming from
CO; dissociation by plasma in the gas phase. CO;
is also vibrationally excited by the plasma, facil-
itating its adsorption on the surface of the cata-
lysts in the form of oxidized carbon species (for-
mates, carbonates, carbonyls...) that are then
progressively hydrogenated to methane. Thus, a
detailed mechanism for DBD-assisted CO;
methanation is proposed.

Keywords: Ruthenium, zeolite, USY, catalyst,
DBD, plasma, plasma catalysis, CO;

methanation, reaction mechanism, OPERANDO
FTIR spectroscopy
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Figure 1: proposed mechanism for DBD-
assisted CO, methanation over a Ru/USY cata-
lyst, as observed through spectroscopic data ob-
tained in a DBD operando FTIR cell.
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Plasma-liquid catalysis for CO2 conversion
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Abstract: Plasma Catalysis has demonstrated to
be a technique with extraordinary potential to
convert CO; into valuable products. Indeed, syn-
ergy between plasma and catalysts is already well
known to occur in gas-phase reactions, enhanc-
ing the conversion, product yield, and energy ef-
ficiency of the process as well as improving the
catalyst stability by reducing poisoning, coking,
and sintering'. Against this background, it should
be commented that there is still a gap in
knowledge concerning Plasma-Liquid interac-
tions and the possible synergy that a catalyst can
bring in such a system in the specific case of CO,
conversion. Specially interesting in this field, it is
the reaction between CO, and H,O since CO- ac-
tivation seems to proceed by a different pathway
when liquid water is used instead of gas. Whilst
plasma-liquid systems lead to the formation of
bigger molecules like organic acids, even in the
absence of a catalyst’™. Plasma-gas phase reac-
tions usually produce little to no liquid products’.
Herein, a tailor-made plasma-liquid slurry bubble
column with CO; as the working gas has been
used in order to study the possible synergy be-
tween liquid, plasma and catalysts. To accom-
plish that, a plasma bubble is ignited on the tip of
a hollow needle from which CO» gas is flowing
at 15 ml/min at the bottom of a cylindrical vessel,
filled with 7 ml of water. Experiments were made
in the absence of catalyst or with suspended par-
ticles of Mn-Oxides. Significantly, we show the
promotion of liquid organic products by the reac-
tion between CO; and liquid water. Preliminary
Total Organic Carbon results show that CO» con-
version and the type of organics is not only influ-
enced by presence of the catalyst, but also poten-
tially by the structure and oxidation state of the
oxide used (Fig. 1).

Keywords: plasma-liquid, plasma catalysis, CO;
conversion, CO; recycling.
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Figure 1: Conversion of CO; to organic liquids
based on Total Organic Carbon analysis of water
samples after 15 min of CO; plasma using no cat-
alyst (CO2) and different Mn-Oxides.
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In-situ water water purification method using plasma activated mi-
crobubbles for remote environments with limited resources

M. Kim "’
! Aeronautica and Astronautica Engineering Department, University of Southampton, Southampton,

Abstract:

Water pollution is a major global problem at pre-
sent, involving organic and inorganic contami-
nants such as heavy metals, pesticides and phar-
maceutical compounds, as well as pathogens.
Most of these contaminants are found in trace
concentrations in water but they may exert their
activity at low concentrations''), and potentially
have an impact on drinking water supplies'”. Ac-
cording to World Health Organisation (WHO),
nearly a billion people lack access to clean drink-
ing water and an estimated 3.4 million people,
mostly children, die each year from water-related
diseases such as cholera, diarrhoea, and gastroin-
testinal illness.

Many water-borne diseases and water-related
health issues are easily preventable by improving
drinking water sources. Conventional water treat-
ment processes can achieve high removals of mi-
croorganisms and very modest removal of or-
ganic substances® and some inorganic com-
pounds such as nitrate!*. However, high amounts
of toxic sludge are generated during the process,
and the conventional methods are ineffective for
treating pathogens and emerging contaminants
such as antibiotics.

As an alternative, advanced oxidation processes
(AOPs) and activated carbon adsorption can en-
hance the removal of organic and inorganic sub-
stances. Granular activated carbon (GAC) is
known to be particularly effective in the removal
of pollutants, from oil to pharmaceuticals,
However, GAC is expensive in terms of initial
capital costs and maintenance processes associ-
ated with regeneration of the medium!®!. Hence,
while its effectiveness is proven, GAC treatment
cannot be adopted on large scales in developing
countries. AOPs using chemical precursors need
high capital and operational costs for chemical
storage and handling hardware. In addition, high
nitrate concentrations in the groundwater can re-
duce the efficiency to degrade organic com-
pounds because nitrate would consume hydroxyl
radicals, competing for hydroxyl radical reac-
tions with the organic compounds. Therefore, it
is important to develop an efficient, portable and
low cost water treatment method for

UK

contaminated drinking water for resource-limited
environments.

As an alternative in-situ resource utilisation
(ISRU) and recycle/reuse of wastewater, we use
a non-thermal atmospheric pressure plasma to
decompose chemicals and biological contami-
nants in water. Non-thermal plasma is a specific
type of plasma that is less than 40 °C at the point
of application. When non-thermal plasma con-
tacts with water, it can efficiently generate reac-
tive oxygen species in either gases or aqueous
forms. As reactive oxygen species are key oxi-
dants for the degradation of chemical and biolog-
ical pollutants, non-thermal plasma can be used
to attack and ultimately mineralise contaminants
in water. As chemical reactions involving reac-
tive species terminate in a short time, the propos-
ing method can rapidly remove chemical and bi-
ological pollutants with no lingering residue or
harmful by-products.

Although the potential of non-thermal plasma as
a wastewater method has been demonstrated, lit-
tle progress has been made because it requires to
improve reactive species delivery. In this study,
we use plasma-activated air microbubbles to
overcome this technical limitation by maximis-
ing contact surface area and enhancing reactive
species delivery. As can be seen in Figure 1, the
developed plasma-activated air microbubble gen-
erator consists of a flexible plasma source and
membrane. The implemented membrane of the
proposed method keeps the electrodes on a flexi-
ble plasma source from direct contact with water
and generates microbubbles to increase contact
surface area between reactive oxygen plasma
species and chemical agents.

Liquid (Water)

Porous DBD
plasma
source

Hydrophobic
membrane

Figure 1. A schematic of a plasma activated-mi-
crobubble water reactor.

In this study, the performance of the proposed re-
actor in wastewater treatment has been evaluated
with methylene blue (MB) solution as the model
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wastewater. We have investigated the effects of
airflow rate, initial solution concentration, and
plasma dose on the MB degradation efficiency.
Figure 2 shows the picture of the treated water
samples using a plasma activated-microbubble.
As can be seen, 98% of MB has been removed
after 20 minutes of plasma activated microbubble
treatment. As the induced chemistry can be mod-
ified by tailoring the gas composition in the bub-
bles, we can optimise and control the perfor-
mance of the chemical and biological contami-
nant removing process. Therefore, the proposed
method can be a practical option for in-situ re-
source utilisation (ISRU) and recycling/reuse of
wastewater where has limited infrastructures for
water treatment.

Before After Clean
treatment treatment water
Figure 2. Pictures of treated water samples using
a plasma activated microbubbles, where me-
thylne blue (MB) has been used as a simulant of

chemical contaminants.

Keywords: water treatment, wastewater, non-
thermal plasma, microbubble, decontamination,
water purification.
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Kinetic mechanisms in CO>-N> plasmas
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Abstract:

Investigating the impact of N, on the overall CO;
conversion is relevant as N, can be present as an
impurity in industrial CO, emission and can be
used to promote CO, vibrational excitation and
further molecular dissociation through the so-
called ladder climbing mechanism. The system
of election is a DC glow discharge, operating at
pressures in the range p=0.1-10 Torr and dis-
charge currents [=10-50 mA, in a Pyrex tube of
radius R=1 cm, which is stable, axially homoge-
nous, and easily accessible to a variety of diag-
nostics. The set of measurements provides the
gas temperature, vibrational temperatures of
CO», reduced field E/N, and densities of OCP),
NO, NO,, CO(X'T") and COx(X'T",). Our simu-
lation results are obtained with the LoKI (LisbOn
Kinetics) simulation tool [1] solving a Boltz-
mann-chemistry 0D self-consistent kinetic
model. The comparison of the model predictions
with the experimental data allows the develop-
ment of a new reaction mechanism (i.e., a set of
reactions and rate coefficients validated against
benchmark experiments) for CO,-N, plasmas and
provides physical insights into the main mecha-
nisms occurring in these plasmas.

It is shown that the admixture of N has a benefi-
cial impact on CO, decomposition, as also
pointed out in [2,3]. Several reasons can be as-
signed to it, one of them being the transfer of vi-
bration quanta from the first vibrational level of
N; to the asymmetric mode of CO; and the fact
that vibrationally excited CO, can undergo mo-
lecular dissociation through the so-called ladder
climbing mechanism or by electron impact step-
wise processes. Moreover, the dilution with N»
can also limit the influence of back reaction
mechanisms producing back CO; from CO.
These mechanisms will be discussed in the detail
at the conference. Understanding the impact of
the different processes on the overall kinetics,
along with the validation against experimental
data, will contribute to further develop the exist-
ing models [3-5] and to better control and en-
hance plasma-assisted CO; conversion.

Keywords: glow discharge, CO, decomposition,
vibrational excitation, 0D model.
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Green Tribology: an appraisal of current status and future needs

M. Kalin
Laboratory for tribology and interface nanotechnology, University of Ljubljana, Slovenia

Abstract:

Tribology has a very long history and is one of
our most fundamental sciences. The Ancient
Egyptians used simple lubricants, like water, to
reduce the energy needed to slide huge stones and
statues [1]. Modern tribology is infinitely more
sophisticated, but faces the same three basic chal-
lenges: How can we reduce friction? How can we
reduce wear? How can we improve lubrication?
But now there is also the fourth challenge: How
can we sustainably do this, by minimizing pollu-
tion, reducing the drain on natural resources, and
conserving energy? We need to develop »Green
Tribology« concepts to achieve this [2].
However, today we have no clear idea what truly
defines green tribology, why and when this claim
is justified and primarily, we do not have
knowledge on tribology solutions »from the
shelf« to be undisputably green and available for
various applications.

Many of the activities on green sustainability are
today focused on mobility applications and there
indeed exists clear evidence that friction is
reduced in electric vehicles [3]. However, wear
should also be considered in this equation, which
directly affects the green nature of the vehicles,
since the long-term performance and endurance
will define the need for replacements and
maintenance, crucial for sustainable green
engineering. However, we notice that there is
much more discussion and activities to reduce
friction, rather than wear. Moreover, still, very
few considerations are about life-cycle analyses
in tribological contacts and tribological
applications, which include all phases of
application lifetime, Figure 1.

In this presentation, we discuss the above issues,
defining the green tribology, the current state of
the art, the major needs, the impact of tribology
for electric mobility, and how to obtain the
appropriate knowledge to build generalized
green tribology concepts.

Keywords: green tribology, sustainability,
friction, wear, electric mobility, tribos.
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Figure 1: Sustainable green engineering cycle
for Green tribology.
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The Active Role of Lubricating Grease as a Tribological System-
An Energetic Approach

E.Kuhn
Department of Mechanical Engineering and Production, Hamburg University of Appl. Sc., Hamburg,

Abstract:

Tribology deals with defined systems which
are stressed by a friction process. As an ob-
server of that process, tribologists can record
the reaction of the system in different ways
and can try to interpret the obtained process
behaviour. [t may be interesting to look at the
energetic situation and follow the course of
the energetic state, because it seems to be im-
portant to determine the driving forces of the
observed process [1](see Fig.1). In this study,
the lubricating grease is considered as a tribo-
logical subsystem that is stressed in a contact
by the friction process. A typical reaction of
the lubricant is the change of the grease struc-
ture in a non-stationary-process phase. We
interpret this system response as an effort by
the system to eliminate the induced instability
and to achieve a structure that allows a steady
state.

The irreversible character of the tribological
process can be observed by examining the en-
tropy transport or entropy production [2].
The influence of the entropy transport on the
strength of the system was examined using
the following equation[3]

T, .
7 (minsin - SQ)

e;rheo = Tf ' (pout 'Sout) - v
out

In this lecture, the driving forces of the process
when a lubricating grease is subjected to fric-
tional stress are shown and the inherent reactiuon
of the system is highlighted. The assumption that
newly created structures in the lubricating grease
also contribute the the stability of the process is
given an analytical interpretation.

Keywords: tribology, lubricating greases, struc-
tural degradation, lubricant wear, energetic ap-
proach, entropy
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Figure 1: Figure illustrating the effort of a tribo-
logical system to reach stability. WE track the
loss of stability through the onset of a frictional
process and the system’s response to eliminate
this disturbance [1]
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Development of tribological testing procedure for lubricating oil used
in weaving machines.
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Abstract:

The textile industry exploits different kinds of
spinning, knitting, and weaving machines; each
of them needs proper lubrication. In particular,
mechanical sliding parts in weaving machines are
subjected to oscillation, vibrations, high loads,
and speeds; therefore, lubricating oils have to
provide wear protection and scuffing load re-
sistance in addition to outstanding anti-oxidation
properties, since oil-change intervals may reach
20’000 hours. The scope of the developed exper-
imental activity is to outline an ad hoc tribologi-
cal test for relative motion able to discriminate
oils with promising lubrication properties against
seizure and stick-slip from unsuitable lubricants.
The test focuses on the evaluation of friction and
wear using SRV®?5 apparatus developed by Op-
timol. The tribological coupling, which is closer
to real tribological contact, is cylinder-on-disk
(Figure 1). The cylinder, made of steel, is forced
to move in reciprocating oscillatory motion
against the disk made of a special alloy. Tight
collaboration with textile machine manufacturer
is of pivotal importance in order to tune test pa-
rameters, i.e. load and temperature, simulating
real operating conditions within weaving ma-
chines. Friction coefficient (COF) is recorded
throughout the test duration of 8 hours; wear scar
characteristics in terms of depth and width are
evaluated at the end of the test using a profilome-
ter. Two reference lubricants are chosen: a com-
mercial oil, commonly used in textile gearboxes,
and the first formulated product, which led to sei-
zure of mechanical parts in previous bench test.
Different lubricants are formulated with low vis-
cosity synthetic base oils and specific additives.
The best candidate oil presents excellent perfor-
mance and promising energy-saving properties.
Results of the tribological test have to be con-
firmed with real scale test scheduled for the next
year.

In order to support product design, standard
tribological and physico-chemical tests are per-
fomed. Anti-wear and EP properties are con-
firmed through 4-ball wear and EP. Stick-slip
tests are carried out to verify stick-slip ratio that
has to be lower than one. Besides, foaming ten-
dency needs careful evaluation since foam must

Italy

be avoided within the lubricating circuit. Washa-
bility, safety features and anti-corrosion proper-
ties are checked too.

In conclusion, this experimental activity leads to
the definition of an innovative in-house tribolog-
ical test, which helps oil formulators in differen-
tiating the lubricating ability of oils in weaving
machines according to friction and wear results.
Finally, this methodology helps to gain deeper in-
sight into the lubrication mechanisms for textile
machines.

Keywords: tribology, SRV®S5, weaving ma-
chines, energy-saving lubricant.

Figure 1: SRV®S5 test system and tribological
coupling cylinder-on-disk.
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Abstract:

The lubricant industry develops and produces
lubricating oils and greases for the lubrication of
machine elements such as rolling element
bearings. Lubricants are essential to reduce
friction and thus energy consumption on the one
hand, and to prevent a premature failure of
machine elements due to wear or fatigue. Most
lubricants available on the market today are still
produced petrochemically, i.e., on the basis of
fossil raw materials. The importance of
substituting  fossil-based  materials  with
renewable materials has been discussed recently
across all industry sectors. This has also
motivated the lubricant industry to apply
sustainable lubricants. Normally a bearing grease
is based on around 3 to 30 wt.% thickener and the
rest is base oil as well as a small amount of
additive (approx. 0-10 wt.%). There are some
bio-based lubricants available on market, which
are usually ester based oils. However, to produce
an entirely bio-based grease, the thickener must
also be produced from renewable materials.

This work presents the extended design and
evaluation of different developed bio-based
polymer thickener systems. Tribological tests are
performed to characterize lubrication properties
of developed bio-based greases under EHL
conditions. The effect of thickener type on film
thickness and friction behaviour of the produced
bio-based greases is evaluated on an EHD2 ball-
on-disc tribometer (PCS Instruments). Moreover,
the results are compared to a commercial
petrochemical grease chosen as benchmark. The
bio-based alternatives show a  similar
performance to the petrochemical-based greases.
Further steps include the wear and fatigue
performance analysis on component test rigs for
rolling element bearings.

Keywords: Biodegradability, bio-based grease;
grease lubrication; film thickness; friction meas-
urement; polymer thickener; ball-on-disc tribo-
meter.
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Abstract:

Metalworking fluids (MWF) can increase the
productivity, sustainability, and quality of ma-
chining processes, especially for difficult-to-cut
materials, such as titanium alloys, where most of
the problems are related to the high consumption
of cutting tools due to excessive wear. Cutting
fluids are used to improve the machining process
by providing lubrication, dissipating heat, and re-
moving chips from the cutting zone. However,
MWFs are under review due to their environmen-
tal impact and health risks to workers. There is an
urgent need for the development of new sustain-
able MWFs, and it still represents a demanding
challenge.

Herein, we study the influence of surfactant and
esters’ molecular structure in oil-in-water emul-
sions and its interaction with the metal surface to
form a lubricating layer, thus improving the per-
formance of the MWF. Lubrication and tool wear
protection are studied through film formation
analysis and the tapping process on Ti6Al4V
(Figure 1). By modifying the molecular structure
of the surfactant, it is possible to enhance the af-
finity between the ester and the substrate and
reach an optimal mixture, which enhances the
formation of a tribofilm [1]. Polyol esters show
promising results to replace mineral oils. Specif-
ically, a higher lubricating film is formed with
trimethylolpropane trioleate, thus improving the
lubricity by up to 12% and reducing tool wear by
26.8% [2]. The applied technology of this work
may be helpful for the development of new envi-
ronmentally friendly MWF, not only for titanium
machining but also for the design of MWF for
conventional and advanced alloys.

Keywords: metalworking fluid, cutting fluid,
surfactant, ester, lubrication, tool wear, tool life,
difficult-to-cut materials, titanium alloys,
Ti6Al4V.
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Figure 1: Test set-up diagram of the analysis of
tribofilm and the tool wear during tapping to
study the role of surfactants and esters on the
development of sustainable and effective MWF.
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Abstract:

Lubricants are commonly used in High-Pressure
Die Casting (HPDC) processes to cool, protect
parts from corrosion, prevent welding effects and
improve the removal of finished products. These
lubricants are sprayed all over the surface before
the liquid metal is introduced under pressure into
die cavities. However, the costs related to prod-
uct development are high due to the lack of rep-
resentative systems at the laboratory scale. There
is an urgent need to develop a lab-scale method-
ology that contributes to understanding spray
mechanism, die surface temperature distribution
after lubricant application, and the Leidenfrost
point effect [1]. In this research, a new lab system
has been developed to simulate the cooling effect
of the mold (Figure 1). The aluminum structure
is designed to modify the surface angle position,
allowing to change the spray angle of incidence.
Test die is manufactured of steel H13 placed on
a ceramic support. The equipment includes a
500W resistance distributed along the test die to
heat it over the working temperatures. Generally,
in the die casting process, the mold reaches an
average temperature of 200-300°C [2]. In addi-
tion, three thermocouple sensors and a heat flux
sensor register the surface temperature at differ-
ent surface points.

To study the performance of several mold release
agents, first, the mold is heated at the desired
temperature. Then, the HPDC lubricant is applied
to the mold with a spray gun at a fixed distance
from the surface. During the spraying stage, the
cooling effect of the mold release agents is eval-
uated using a thermographic camera. Moreover,
the Leidenfrost effect (droplets reaching hot’s
surface) is observed with a slow mode camera
(240 fps, 4K). Promising outcomes on the spray-
ing mechanism of each lubricant have been ob-
tained. The described system may be useful for
developing more effective HPDC lubricants, al-
lowing to evaluate their efficiency.

Keywords: high pressure die casting, HPDC,
lubricant, mold release agent, lab scale method-
ology, Leidenfrost point.

Figure 1: Set-up system including steel mold
(A), thermographic camera (B), spray gun (C),
and spray nozzle (D).
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Abstract:

As it is well known, conventional lubricant addi-
tives used to reduce wear and friction in bound-
ary lubrication regime act by formation of protec-
tive tribofilms on the rubbing metallic surfaces
by reaction, in the physico-chemical conditions
of their sliding interface [1,2]. The efficiency of
such molecular additives depends on the reactiv-
ity of the surfaces and consequently on the ki-
netic of the tribofilm built up.

In order to overcome the limitations of such anti
wear and friction reduction additives used in lu-
brication oils and greases, new strategies, using
solid nano particles as nano additives, were re-
cently developed [3, 4].

In Caribbean islands, washing ashore of tons of
pelagig Sargassum spp. consisting of two species
Sargassum fluitans and Sargassum natans have
been regularly occurring since 2011.

The present work is concerned with the tribolo
gical properties of the carbon phase resulting
from pyrolysis of Sargassum algae under differ-
ent pyrolyzed temperature (900°C and 1500°C)
used as solid lubricant and dispersed in the lubri-
cating base oil presenting a low viscosity (dodec-
ane). As for molecular additives, the friction re-
duction process is associated to the formation of
a tribofilm between the rubbing surfaces [3,4].
The effect of the structure of carbon phase (fig 1
- 2) on the friction reduction performances is
studied.

The morphology and the structure of the tri-
bofilm are investigated by profilometry, scanning
electron microscopy and by Raman microspec-
trometry.

Keywords: tribology, carbon material, algae bi-
omass, carbonization, Raman spectroscopy
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a) Raman spectrum recording on initial carbon
phase resulting from pyrolysis of Sargassum
alage under 900°C and 1500°C. Raman spectrum
revealed that both carbon phases present two
dominant peaks at around 1347 cm™(D-band)
and 1596 cm™ (G-band). The ratio between
(In/Ig) was usually used to evaluate the graphiti-
zation degree of the carbon structure. The calcu-
lated integrated intensity of Ip/Ig for Sarg 900°C
and Sarg 1500°C is separately about 4.2 and 1.4.

b) Friction coefficient values obtained in dry and
in the presence of dodecane on carbon phase re-
sulting from pyrolysis of Sargassum alage under
900°C and 1500°C.
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Abstract

Friction and wear are the severest parts of
automobile engine power loss, which has
an important impact on vehicle emissions,
power performance, and fuel economy.
Excellent lubricants are essential for an
improvement of friction performance
between engine friction pairs. The
tribological performance of steel ball
lubricated by polyalphaolefin (PAO 6) oil
introducing MoS; and h-BN nanoparticles
functionalized by oleic acid (OA) at
different concentrations was investigated.

In this research, h-BN and MoS;
nanoparticles possessing diverse
concentrations  (0.025-0.2wt%)  were

evenly and stably dispersed in poly alpha
olefin (PAOG6). The rheological properties
of each nano lubricant are introduced by
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measuring the change of viscosity with
shear rates at a certain temperature.

Reducing-friction and anti-wear
peculiarities of each nano lubricants (NL)
were comprehensively assessed.

Furthermore, the surface morphology,
element component, and distribution were
detected and characterized by field
emission scanning electron microscopy
(FESEM), Energy disperse spectroscopy
(EDS), and XPS. Eventually, the
tribological results showed that the
coefficient of friction of wear surface
lubricated by h-BN and MoS, NL was
greatly decreased compared with PAOG oil.
Meanwhile, a feasible and convincing
lubricating mechanism by nano-additives
was proposed.
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Abstract:

Zirconium alloys are excellent materials having
low neutron absorption cross-section' and good
mechanical properties?, due to which these are
widely used for core components in nuclear
reactors’.  Reciprocating tribo-tests  were
conducted on Zircaloy-4 (Zr-4) under the self-
mated conditions (Fig. 1) at varying amplitude,
frequency, and test duration. To understand the
active wear mechanism, worn surfaces were
analyzed using Scanning Electron Microscopy
(SEM), Energy Dispersive Spectroscopy
(EDS), Raman spectroscopy and 3D
Profilometry. The change in amplitude severely
affects the wear than other factors. The wear
mechanism transits from stick-slip to gross slip
with increasing amplitude. The dominant wear
mechanisms were delamination at the
amplitude of 100 pm whereas micro-cutting
and micro-ploughing followed by delamination
in some areas at the amplitude of 400 pm.
However, the COF has indifferent behaviors
under dry conditions, whereas it remains almost
constant for the given parameters under water
submerged conditions. Generally, COF and
wear were less for water submerged conditions
than for dry conditions. The oxide layer was
also found on worn surfaces, which is
prominent at 100 pum amplitude and decreases
with increasing amplitude (present only at a few
locations at 400 pm amplitude).

Keywords: Zircaloy, Fretting wear, adhesion,
delamination, micro ploughing.
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Fig. 1: schematic diagram of tribo-pair
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Abstract:

Petroleum, and mineral oil-based metalworking
fluids (MWFs) are widely used in machining op-
erations. Mineral oil-based MWFs are unsafe to
humans and the environment because they com-
prise toxic and harmful chemicals. The harmful
effects accompanying mineral oil-based MWFs
can be reduced by environmentally friendly
MWFs. Therefore, in the present study environ-
mentally friendly vegetable oil-based water-sol-
uble metalworking fluids (MWFs) are formu-
lated. The stability, droplet size and distribution,
and wettability study of the formulated MWFs
were carried out on Zetasizer, Dynamic Light
Scattering, and Goniometer, respectively. The
cytotoxicity, corrosion, and the tribological per-
formance of the formulated fluids was evaluated
benchmarked with the commercial mineral oil-
based water-soluble MWFs. Tribological testing
of formulated MWFs was carried out on under
machining operation. Results showed that formu-
lated fluids exhibited better machining character-
istics (surface roughness, cutting forces, and sur-
face morphology) compared to the commercial
MWEF. MTT assay and Live dead cell assay con-
firm the cytocompatibility nature of the formu-
lated fluids relative to the toxic commercial
MWF (Figure 1). An electrochemical study
showed that formulated MWFs and commercial
MWFs showed comparable corrosion current
density. The improved performance of the for-
mulated MWFs is attributed to their film-forming
ability at the tribo-pair interface. The chemisorp-
tion of the emulsifier molecules on the machined
steel surface leads the lubricious Tribofilm for-
mation. The nature and presence of the lubricious
film on the machined steel surface were con-
firmed by SEM-EDS mapping and FTIR spec-
troscopy analysis.

Keywords: Cytotoxicity, Corrosion inhibi-
tors, Vegetable oil, MTT assay, Machining,
Tribofilm
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Figure 1: Live and Dead cell assay of the formulated
and commercial MWFs
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Abstract:

Cellulosic substrates, as renewable and recycla-
ble items, are highly used in the packaging and
personal care field. However, to expand their use
and improve their properties, the application of a
functional coating improving the barrier to oxy-
gen, water vapour of the substrate is fundamental
in packaing applications. Moreover, to confer
anti-microbial/anti-oxidant properties to sub-
strates addressed to personal care applications
can be really usefull. This coating should be bi-
obased and not affecting the end-of life of the fi-
nal packaging or personal care product (recycling
and/or composting). Several coatings were pro-
posed based on biopolymers like proteins, chitin
or cutin [1].

Chitin is a very abundant polymer available from
crustaceans exoscheletons (sea food waste), from
insects or from mushrooms. It can be converted
to chitin nanofibrils or chitosan on the basis of
the adopted process. Chitin nanofibrils (CN) and
chitosan based coatings can confer to cellulosic
board anti-microbial properties, so they can be
considered as functional coatings for increasing
the shelf life of packaging for fresh food [2], but
also as anti-microbial/skin-regenerative additives
for applications considering the contact with hu-
man skin [3].

We report the results related to the application of
chitin derivatives to several cellulosic substrates
with different thickness and mechanical proper-
ties. Cellulosic board and tissue will be compared
not only in terms of the capacity of chitin nano-
fibrils to confer anti-microbial properties, but
also considering their impact onto mechanical
properties.

The application of these functional biopolymers
to cellulosic substrates could occur by using both
liquid or solid coatings [1], that can be prepared
by peculiar polymer processing methodologies.
All these possibilities could represent valid alter-
natives to fossil coatings in the future.

Keywords: biobased coatings; Functional coat-
ings; chitin;

Figure 1: icroaps of ections of cellulose
board: (a) recycled board (b) CN treated recycled
board
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Abstract:

The allotropic forms of carbon with tubular
nanostructure have presented excellent physical
and chemical properties and attracted the atten-
tion of scientists. The significant thermal and
electrical conductivity, the high tensile strength
and their flexibility, are some of the properties
that can be exploited in energy storage and elec-
trochemical devices [1]. The most promising
method for producing CNTs or CNFs, is the
Chemical Varpour Deposition (CVD) owing to
its low-cost, relatively low applied temperature
and controllable growth. The most common cat-
alytic materials for CNTs/CNFs synthesis are Fe,
Co, Ni and their alloys, mainly due to their ability
to decompose carbon precursors and their medi-
ate to high carbon solubility, yielding the carbon
diffusion through their bulk and the surface for-
mation of graphitic structures during cooling [2].
In the present work, it is investigated for the first
time, the possibility of directly growing CNTs
and CNFs on half-Heusler alloys by CVD, in an
attempt to improve the thermoelectric perfor-
mance of these compounds, by forming a con-
ductive coating on their surface. Till now, the
main investigation on half-Heusler alloys focuses
on their electronic structure and their magnetic
and thermoelectric properties. There are also few
works investigating their potential catalytic prop-
erties with the added value being the control of
the electronic structure and the change of surface
elements by substitution [3]. In this work, the cat-
alytic properties of half-Heusler compounds in a
CVD process are tested. As carbon source, acet-
ylene is used over two different half-Heusler,
namely (ZrTi)Ni(SnSb) and (ZrTi)Co(SnSb), in
the temperature range of 600°C - 700°C. The
SEM analysis confirms the growth of CNFs with
diameters ranging from 450 nm to 1 pm with re-
spect to the operating conditions (Figure 1). The
Raman modes imply the formation of carbon
structures closer to CNFs rather than CNTs
which co-exist with amorphous carbon. Addi-
tionally, nanoidentation technique is used to as-
sess the uniformity of the fibrous coating and

provide information regarding its adhesion to the
substrate. From the above characterization re-
sults, it may be concluded that a short reaction
time and a low acetylene flow rate, lead to the
formation of a uniform and stable CNF mat on
the specimens, while Ni favours the reaction.
Further investigation is required for process opti-
mization for CNT growth.

Keywords: Heusler alloys, CNTs, CNFs, CVD,
nanoindentation, Raman, thermoelectrics.

Figure 1: SEM micrograph of the deposited
CNFs on (ZrTi)Ni(SnSb).
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Abstract:

Solution Plasma (SP) is a recognized method for
producing nanomaterials such as carbon sheets
and heterographene [1]. When a non-equilibrium
plasma is applied to organic solutions, carbon
materials can be synthesized at room tempera-
ture. The ions, electrons and radicals generated in
the plasma center and plasma-liquid interface can
further react with the surrounding molecules
leading to polymerization of carbon materials[2].
Several investigations have been reported about
reactions in solution. Nevertheless, the species
evapored from the liquid phase in the form of ol-
igomer-rich soot that is produced during the non-
equilibrium plasma discharge have been rarely
investigated. In the present work, the oligomers
that are light enough to be carried out from the
solution in the SP reactor during the plasma dis-
charge, were further used as precursor for the fab-
rication of carbon fibers. The growth of fibers
was similar to the mechanism reported by Endo,
1978 [3], in which the oligomer-rich soot is de-
posited on a substrate and the carbonaceous spe-
cies grow into worm-like carbon fibers. The
growth was conducted under atmospheric pres-
sure and low temperature (400°C).

Moreover, the use of different organic solutions
containing different functional groups enables
the simultaneous fabrication and functionaliza-
tion of the carbon fibers.

Keywords: Carbon fiber, solution plasma, oligo-
mers, deposition, organic compound, functional

group.

Figure 1: SEM image of carbon fibers fabricated
by Solution Plasma (SP) generated oligomers
grown on a Ni substrate.
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Abstract:

The formation and following accretion of differ-
ent forms of ice poses serious safety and opera-
tional challenges in wind farms and airplanes,
high voltage power lines, telecommunication
systems, condenser surfaces, offshore platforms,
locks and dams. Intense efforts are therefore ded-
icated to the development of passive ice protec-
tion systems (IPS) able to control or prevent ice
formation. In particular, anti-wetting materials
applied on the target surface have been explored
as potential icephobic surfaces [1], with the Slip-
pery, Liquid-Infused Porous Surfaces approach
(SLIPS) being one of the most innovative and in-
triguing possible solutions to inhibit the ice ac-
cretion or weaken the ice adhesion strength with-
out any power supply [2].

We present the design of anti-wetting hybrid
coatings for cold environments that comprise an
inorganic, porous layer based on ceramic (Al,Os,
Si0,) nanoparticles obtained via sol-gel, while
the organic layer consists of fluoroalkylsilane
molecules. For SLIPS, either a fluorinated or a
fluorine-free oil was infused in the porous hybrid
coatings [3]. Through Icing Wind Tunnel located
in a cold climate chamber, we assess the ability
of the fabricated coatings to reduce the ice accre-
tion on aluminum substrates in both glaze and
rime icing regimes. The reduction of ice adhesion
was instead determined with the Double Lap
Shear Test. The dynamic behavior of droplets
was also evaluated via goniometric contact angle
hysteresis calculation, at both room and sub-zero
temperatures (Figure 1).

The remarkable icephobic behavior of SLIPS
coatings developed highlights their potential as
candidate for passive IPS especially in those ap-
plication fields in which dynamic water repel-
lency at subzero temperature is crucial (e.g. aer-
onautics). Moreover, in order to achieve a dura-
ble water repellency even when exposed at sub-
zero temperature, SLIPS design proved the abil-
ity to recover functional performance after oil de-
pletion phenomena.

Keywords: coatings/surfaces with reduced ice
adhesion, anti-icing coatings and surfaces, bio-

inspired coatings for anti-icing applications,
nanostructured surfaces against icing
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Abstract:

The high content of natural organic matter
(NOM) is one of the challenging characteristics
of peat water. It is also highly contaminated and
contributes to some water-borne diseases. Before
being used for potable purposes, peat water must
undergo a series of treatments, particularly for
NOM removal. This study investigated the effect
of coagulation using aluminum sulfate coagulant
and adsorption using powdered activated carbon
(PAC) as a pretreatment of ultrafiltration (UF)
for removal of NOM from actual peat water. Af-
ter preparation and characterization of polysul-
fone (Psf)-based membrane, the system’s perfor-
mance was evaluated using actual peat water,
particularly on NOM removal and the UF perfor-
mances. The coagulation and adsorption tests
were done under variable dosings. Results show
that pretreatment through coagulation—adsorp-
tion successfully removed most of the NOM. As
such, the UF fouling propensity of the pretreated
peat water was substantially lowered. The opti-
mum aluminum sulfate dosing of 175 mg/L as the
first pretreatment stage removed up to 75-78%
NOM. Further treatment using the PAC-based
adsorption process further increased 92-96%
NOM removals at an optimum PAC dosing of
120 mg/L. The final UF-PSf treatment reached
NOM removals of 95% with high filtration fluxes
of up to 92.4 L/(m2.h). The combination of three
treatment stages showed enhanced UF perfor-
mance thanks to partial pre-removal of NOM that
otherwise might cause severe membrane fouling.

Keywords: coagulation—adsorption; membrane;
organic matter; peat water; ultrafiltration; poly-
sulfone.
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Figure 1: Illustration of the ultrafiltration dead-
end experimental setup.
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Abstract:

Ag and Cu nanoparticles (NPs) are widely used
as antibacterial agents to functionalise textile sur-
faces to fight antibiotic-resistant bacteria and
healthcare-acquired infections (HAI) in hospi-
tals. Although the precise antibacterial mecha-
nisms of NPs are still being investigated, they
mainly deactivate bacteria by releasing metal
ions that penetrate bacterial cells and disrupt the
intercellular content (Figure 1). It is known that
different bacteria species and strains show differ-
ent susceptibilities to Ag and Cu NPs. However,
it is not possible to draw definitive comparisons
between the antibacterial efficacy of Ag and Cu
NPs due to the conflicting studies. Nonetheless,
the latest studies have shown consistent results
on Ag-Cu NP mixtures showing superior antibac-
terial properties compared to their pure alterna-
tives. Combining Ag-Cu NPs and finely tuning
the release of Ag and Cu ions will let us formu-
late a coating for a specific bacterial species or
environment. Our study focuses on controlling
the metal ion release from Ag-Cu NPs deposited
on PET textiles by the magnetron sputtering tech-
nique. Our preliminary studies have shown that
the ratio of released Cu/Ag ion concentration
reaches 50 when the Agso-Cuso NP mixture is
used. In this study, we report the effect of non-
toxic alloying elements, such as magnesium, and
the elemental composition on the metal ion re-
lease behaviour of Ag, Cu and Ag-Cu NPs. In ad-
dition to the metal ion release, electrochemical,
optical and electrical properties of multi-element
(AgCu, AgMg, CuMg, AgCuMg) NP mixture
systems have been investigated.

Keywords: antibacterial, nanoparticles, silver,
copper, magnesium, ion release, galvanic corro-
sion, hospital-acquired infections.
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Figure 1: A general antibacterial mechanism for
metal ion release of Ag and Cu NPs.
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Abstract:

Unwanted fouling deposits are formed on heat
exchangers’ surface during mandatory thermal
treatments (pasteurization, sterilization) of dairy
products in food processing industries. These de-
posits can contaminate dairy products to pasteur-
ize and also impair heat transfer mechanisms by
creating a thermal resistance, thus leading to reg-
ular shut down of the processes. Therefore, peri-
odic and drastic cleaning-in-place (CIP) proce-
dures are implemented. These CIP involve the
use of chemicals and high amount of water, thus
increasing environmental burden. It has been es-
timated that 80% of production costs are owed to
dairy fouling deposit. To reduce dairy fouling,
two pathways have been considered: (i) Process
conditions optimization, mainly tested by food-
processing industries and (ii) Stainless steel sur-
face anti-fouling coating to either inhibit attach-
ment of depositing species or to ease their re-
moval during cleaning. Here, we focus on this
latter approach, by developing specific coatings
(slippery liquid-infused porous surfaces (SLIPS)
and atmospheric plasma coatings) of low contact
angle hysteresis to limit fouling adhesion onto
stainless steel surfaces. Superhydrophobic and
stable bilayers based on fluoro and silane coat-
ings were deposited by atmospheric pressure
plasma (Lab-Scan, Axcys Technologies). ToF-
SIMS depth profile analyses allowed to confim
the deposition of two distincts layers. Encourag-
ing fouling-release (i.e. ease of fouling removal)
performances were obtained (fouling deposit re-
duction of 72%).

Keywords: Hydrophobic nano-structured coat-
ing, Anti-fouling, Biomimetic, Dairy processing

Figure 1: Figure illustrating the atmospheric
pressure plasma process used to deposit hydro-
phobic and superhydrophobic surfaces. SEM im-
ages show resulting hydrophobic nano-struc-
tured plasma.
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Abstract:

NACE-TM-0190 method was implemented to evaluate Aluminum, Zinc & High Temperature Zinc
galvanic anodes used for cathodic protection system. The test was conducted by passing a fixed direct
current through test cells electrically connected in series. The test cell is made of carbon steel and it is the
cathode in the electrical circuit. Each test cell contains an electrolyte for current flow which is seawater.
The fixed direct current flows for a period of 14 days during which the anodes are partially consumed.
The ampere-hour obtained per unit mass of anode lost is calculated. The value is compared to that of pure
anode metal to determine the percentage efficiency of each tested galvanic anode.

This paper presents new chemical composition of galvanic anodes that have not been used before
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Abstract:

With the development of more electric ground
and air transportation, the replacement of green-
house gases in circuit breakers, the increase of
voltage in power electronics or the understand-
ing of how to initiate and maintain an electrical
discharge in a plasma device, the study of the
breakdown criteria'** becomes essential to an-
ticipate risks of material degradations which can
occur additionally at different pressure levels.
Breakdown voltages are often extracted from ex-
perimental Paschen curves (that give the break-
down voltage as a function of the product pres-
sure distance). Several criteria have also been
proposed for different pressure ranges (Town-
send's criterion, Meek and Craggs' criterion,
Pedersen's criterion, and so one).

Even though these curves and criteria existe for
a long time, many questions remain: How can
the Paschen curves and the various criteria be
carefully interpreted and used ? What is the dif-
ference between a critical electric field and a
breakdown electric field ? Should we work with
the potential, electric field, reduced electric field,
gas pressure or its density ?

It is proposed to answer these questions by ana-
lysing the known data in air, relying on both ex-
perimental and simulation results and give con-
crete samples of how to exploited a redifened
Paschen curve to determinate the breakdown
voltage between 2 insulated wires (Figure 1) or
between 2 metal spheres for different gas pres-
sures in air.

Keywords: Plasma, Discharge, Breackdown cri-
teria, Paschen curve, Critical electric field.
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Figure 1: Mean reduced electric field along each
field strengh lines (blue points) for several ap-
plied voltage between 2 insulated wires com-
pared with the reduced breakdown electric field.

References:

1. O. Eichwald, M. Yousfi and O. Ducasse,
Breakdown criteria in air : an overview sup-
ported by simulation predictions, 11°™
conférence de la Société Frangaise d’Elec-
trostatique, 29-31 aott 2018, Grenoble,
France

2. TW. Dakin, Breakdown of gases in uniform
field Paschen curves for Nitrogen, Air and
SF¢, Electra, N° 62, 1974

3. Pedersen, On the Electrical Breakdown of
Gaseous Dielectrics, IEEE Transactions on
Electrical Insulation, vol. 24, n°5, 1989

4. Eichwald, H Bensaad, O Ducasse and M
Yousfi, Effects of numerical and physical
anisotropic diffusion on branching phenom-

ena of negative-streamer dynamics, J. Phys.
D: Appl. Phys. 45 (2012) 385203 (15pp)

Page 138



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Active Janus Particles in a Complex Plasma

V. Nosenko '
!Institut fiir Materialphysik im Weltraum, Deutsches Zentrum fiir Luft- und Raumfahrt (DLR),
D-51147 Cologne, Germany

Abstract:

A complex plasma is a suspension of micron-size
solid particles in regular plasma. Complex plas-
mas are excellent model systems which are used
to study various plasma-specific and generic phe-
nomena at the level of individual particles. Their
advantages include the possibility of direct and
real-time observation of virtually undamped dy-
namics of the particle suspended in a rarefied gas.
Active matter is a collection of active particles,
which can convert the energy coming from their
environment into directed motion, therefore driv-
ing the whole system far from equilibrium. Ac-
tive matter has some intriguing physical proper-
ties and potentially a number of applications in
nanotechnologies, biology, and medicine. It has
recently become a hot topic of multiple interdis-
ciplinary studies.

A prominent example of particles that can be ac-
tive in various environments is the so-called Ja-
nus particles, which have two sides with different
properties. Janus particles where two sides were
made of (or coated with) different metals were
previously found to be active in certain aqueous
solutions. In this presentation, we report on our
experiments with Janus particles - polymer mi-
crospheres where one half was plasma-coated
with a thin layer of platinum - suspended in a gas
discharge plasma [1]. Our experimental setup
was a modified Gaseous Electronics Conference
(GEC) radio-frequency (rf) reference cell.
Plasma was produced by an rf capacitively cou-
pled discharge at 13.56 MHz in argon. The gas
pressure was varied in the range of 0.66-13.3 Pa,
the rf discharge power was in the range of 1-20
W. When suspended in plasma, the Janus parti-
cles moved in characteristic looped trajectories
suggesting a combination of spinning and cir-
cling motion; their interactions led to the emer-
gence of rich dynamics characterized by non-
Maxwellian velocity distribution. The particle
propulsion mechanism is discussed, the force
driving the particle motion is identified as a com-
bination of photophoretic force and asymmetric
ion-drag force due to the plasma-particle surface
interaction.

Keywords: complex plasma, active matter, Janus
particles, plasma coating.

Figure 1: Trajectories of Janus particles sus-
pended as a 2D layer in rf plasma sheath. 545
frames of the top-view video (during 2.18 s)
were superposed, the brightness and contrast
were adjusted for better viewing. Note a charac-
teristic curly appearance of many trajectories.
The argon pressure was 0.66 Pa, the rf discharge
power was 20 W.
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Abstract:

Atmospheric COz levels pose one of the biggest chal-
lenges for our future. CO; utilization to value added
compounds is an attractive solution. Different fields
offer solutions for energy efficient CO: utilization.
Among the most promising are electrochemistry, ther-
mochemistry and plasma catalysis. In this
(poster/presentation), different approaches are com-
pared: High- and low temperature electrolysis'~, re-
verse water gas shift® and plasma based processes* can
all reduce CO: into carbon monoxide.

We researched cutting edge literature for the most
promising contenders in each category. Energy effi-
ciency and COz conversion are calculated and com-
pared. The main focus are various plasma technolo-
gies at ambient pressure. Microwave, radio frequency,
dielectric barrier discharge, gliding arc and glow dis-
charge reactors are presented. One among them is our
recently published glow discharge reactor, that uti-
lizes a magnetic field to improve the sweeping of the
working gas’. Figure 1 (a) shows the energy efficiency
over the COz for the different plasma approaches pub-
lished in literature. Figure 1 (b) compares the atmos-
pheric pressure glow discharge reactor from our group
to other approaches not based on plasma.

In general, the energy efficiency of plasma-based sys-
tems is gaining ground compared to competing tech-
nologies such as electrolysis and thermochemical ap-
proaches. Focus thus shifts to scalability, lifespan and,
most importantly, integration. After all, none of the
presented technologies manage to produce pure prod-
uct gases; their separation is a major task for which
few technologies are available. The integration of
electrochemical oxygen pumps or separation mem-
branes into plasma reactor systems will be a future fo-
cus. Generally, we argue in favour of a broad portfolio
of technological solutions for the future of CO> utili-
zation. The use cases are as diverse as the solutions
and detailed analysis is necessary to reveal the ideal
solution depending on the framework conditions. Our
results illustrate that plasma technology can play an
important role in COxz utilization, which is a corner-
stone of a fossil-free economy.

Keywords: plasma catalysis; CO: splitting; glow
discharge; energy efficiency; CO: electrolysis;
COz utilization; magnetic field; power-to-X
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Figure 1: A comparison of the achieved energy effi-
ciency 1 and conversion X for CO» splitting by plasma is
shown in (a) (References not included in this abstract, see *
for details). In (b) the results are compared to high temper-
ature electrolysis (HT-el."), low temperature electrolysis
(LT-el.?) and reverse water gas shift (RWGS?).
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Investigation of Temporal Evolution of Vacuum Arc with Heated
Cathode Made of Cerium Dioxide

Melnikov A.D., Usmanov R.A., Polishchuk V.P., Antonov N.N., Gavrikov A.V., Liziakin G.D.
Joint Institute for High Temperatures of the Russian Academy of Sciences, Moscow, Russia

Abstract:

To date the development of plasma sources gen-
erating dielectric materials plasma flow is rele-
vant for the wide-spread technologies of func-
tional coatings formation [1] and for specific re-
search fields such as plasma separation methods
[2]. Utilizing of plasma sources based on vacuum
arcs allows to provide high performance, mean-
while the parameters of the generated plasma
flow depend on the type of cathode attachment
being realized under particular experimental con-
ditions [3]. We investigated a vacuum arc with a
heated cathode and its material was cerium diox-
ide due to its application for creation corrosion-
resistant coatings and ultraviolet emission pro-
tection films [4-5]. A vacuum arc on a cathode
made of cerium dioxide was described in [2].
This work is devoted to the study of the temporal
evolution of discharge and the dependence of
plasma composition on parameters of arc.

The discharge was initiated in a vacuum chamber
with a volume of ~ 1 m®, the pressure of residual
gases was about 107 Pa [2]. The CeO, cathode
weighing about 5 g was placed in a molybdenum
and tungsten crucible. The crucible heating was
carried out by means of 1.5 kW electron beam
heating. The temperature of the crucible side sur-
face was measured using an optical pyrometer.
To establish the ionic composition, a time-of-
flight mass spectrometer with a resolution of 25
located behind the anode at a distance of 300 mm
was applied. The voltage, mass-spectrum of
plasma ions, cathode temperature and emission
intensity were continuously recorded during the
experiments. The discharge current was varied
from 40 to 90 A, and the voltage and crucible
temperature ranging from 10 to 14 V and from
2.15 to 2.35 kK respectively.

Fluctuations of arc voltage, amplitudes of mass
peaks and spectral lines intensity were detected.
The relative values of fluctuations vary over time
in the range from 2 % to 10 % for voltage and
from 10 % to 30 % for the amplitudes of mass
peaks. The average value of the voltage at fixed
arc current and the crucible temperature was de-
creasing during the experiment by up to 1.5 V.
Unstable regimes were observed, remaining from
several seconds to several minutes. The ampli-
tude of fluctuations was increasing, ions of

higher multiplicities were observing and oscilla-
tions of the plasma column were recording within
such regimes. The video recording of the cathode
surface revealed that during the experiments both
vacuum arc modes without cathode spots and
with type 2 spots occurred [6]. The transitions be-
tween modes also occurred in case of the varying
of crucible temperature. After a time of about
1000 s after initiation, the discharge became less
stable. The study of the ionic composition re-
vealed that single cerium ions Ce" and molecular
ions CeO" predominate in the plasma flow, and
molybdenum (tungsten) ions Mo" (W) are also
present. The ionic composition of the plasma
changes over experiment time, even within stable
discharge regime: the content of crucible material
ions in the plasma flow changes, while the inten-
sities of the Ce” and CeO" peaks are approxi-
mately constant. Furthermore the densities of
plasma flow ionised components at different arc
current values was measured via precalibrated
TOF mass-spectrometer. Therefore the influence
of arc current value was investigated. Finally, all
the experiments was carried out for two crucible
materials (molybdenum and tungsten) with the
aim to reveal its possible affection on discharge
parameters. In the result less stability and higher
crucible material content in plasma were ob-
served in the case of tungsten crucible.
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Pb+Ag mixture space separation in crossed fields of background
discharge at the LaPlaS setup
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Abstract:

The plasma separation technique is one of the dry
methods for spent nuclear fuel (SNF) repro-
cessing. The main task of this process is to sepa-
rate actinides from fission products. Over the past
two decades this area has seen intensive develop-
ment, which resulted in number of various sepa-
rating schemes were proposed [1,2]. All of them
imply the stage of transfer solid state SNF into
the plasma state. Influenced by electric and mag-
netic fields the space separation by mass occurs.
The fundamental difference between plasma-
based devices and electromagnetic separators is
that the ions of the separated elements move in
the conditions of the compensated space charge.
Thus restriction on the ionic current value
(Child-Langmuir law) are removed and the
productivity rate required for its practical appli-
cation in the nuclear industry can be achieved.
In the LaPlaS installation 4 coils solenoid creates
an axial magnetic field in a cylindrical vacuum
chamber with the diameter of 85.6 cm and the
length of 220 cm. A radial electric field is created
by a reflex discharge with thermionic cathode.
The solid Pb+Ag mixture is transferred into the
plasma state by an arc plasma source [3]. Thus,
in the chamber 2 discharges operate simultane-
ously; background reflex discharge which creates
the radial electric field and the arc discharge
which serves as a source of separated plasma. A
metal substrate is coated with ionized beams of
Pb and Ag. The samples of substrate are analyzed
by energy-dispersive X-ray spectroscopy.

In this presentation, we provide results of Pb+Ag
mixture separation.
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Figure 1: Distribution of lead and silver atoms
on the substrate.

References:

1. Dolgolenko D A and Muromkin Y A 2017
Separation of mixtures of chemical elements
in plasma Phys.-Usp. 60 994.

2. Zweben S J, Gueroult R and Fisch N J 2018
Plasma mass separation Phys. Plasmas 25
90901.

3. Antonov N, Liziakin G, Usmanov R, Gav-
rikov A, Vorona N and Smirnov V 2018 The
influence of reflex discharge electric field on
propagation of injected lead plasma jet Phys.
Plasmas 25 123506.

4. Liziakin G, Antonov N, Smirnov V S et.al.,
2021 Plasma mass separation in configura-
tion with potential well , J Phys. D Appl.
Phys., 54 , 414005.

5. Liziakin G, Antonov N, Usmanov R et.al.
2021 Experimental demonstration of plasma
mass separation in a configuration with a po-
tential well and crossed electric and mag-
netic fields Plasma Phys. Control. Fusion 63
032002.

Page 142



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Optimization of PECVD SiOx passivation of GaN for interface charge
control

O. Richard, V. Aimez, A. Jaouad
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Québec, Canada

Abstract:

Heterostructure field effect transistors (HFET)
based on GaN have a great potential for high fre-
quency and high power applications. By virtue of
having an inherent bidimensionnal electron gas
as their channel at the GaN/AlGaN interface,
these devices are normally-on (conducting chan-
nel under no gate bias). We presented in the past
our results on the study of PECVD parameters for
(0001) n-GaN passivation by SiOy deposition.
We had shown in particular that low power oper-
ation with an increased SiH4/N,O ratio could be
used to obtain a negative charge density at the
SiO«/GaN interface. This deposition process
could therefore be of interest for the design of
normally-off (positive threshold voltage) HFETSs.
In the present study, we first confirm the trends
previously found. MIS capacitors were fabricated
in a study of the following PECVD parameters :
SiH4/N>O ratio, RF power, pressure and temper-
ature. C-V measurements (fig. 1) again demon-
strate that these parameters can be used to alter
the flatband voltage considerably. Of most inter-
est is the red curve obtained with a low power and
high SiH4/N>O ratio deposition process. The
curve is shifted towards positive voltage values,
while presenting low hysteresis and density of
surface states. Furthermore, initial characteriza-
tion at higher temperatures (fig. 2) shows a much
more stable operation than before. No marked de-
formations of C-V curves appear this time and
the increase of hysteresis, although present,
seems to saturate over 60°C. FTIR chemical anal-
ysis of similarly deposited layers is under way as
well as advanced interface characterization by C-
V measurements under UV light.

Keywords: GaN, PECVD, passivation, MIS de-
vices, normally-off, HFET
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Figure 1 : Exemple of IMHz C-V measurements
of Al/SiO4/GaN MIS capacitors with 20-30 nm
SiOx. Only the parameters of PECVD vary. Note
the wide flatband voltage variations.
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Figure 2 1 MHz C-V measurements of
Al/SiOx/GaN MIS capacitor at elevated tempera-
tures. The device from which results are obtained
corresponds to the red curve in fig. 1. The posi-
tive shift with increasing temperature is due to
the pyroelectric effect.
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Dynamic properties of dust particles in a DC glow discharge
in an external magnetic field
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Abstract:

The study of the effect of a magnetic field on a
plasma system is of great interest, which plays a
crucial role in thermonuclear and astrophysical
plasmas. The study of the effect of a magnetic
field on a plasma system is of great interest,
which plays a crucial role in thermonuclear and
astrophysical plasmas.

In the presented work, a complex plasma in a DC
glow discharge at low pressures was investi-
gated. The source of the magnetic field was a
Helmholtz coil system where a uniform field is
generated in the middle and an nonuniform field
in the upper and lower regions. It was considered
in different magnetic field regions the dynamics
of micron-sized particles that is located in the lat-
eral branches of the glass discharge tube where a
glow discharge is generated. The dynamics of
micron particles were captured on a video camera
and their behavior was analyzed using the parti-
cle image velocimmetry (PIV) method at
different magnetic field inductions. A theoretical
model

was proposed to explain the experimental obser-
vations.

Keywords: DC glow discharge, magnetic field,
complex (dusty) plasma, dust structures
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Figure 1: . Illustration of the experimental setup
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Plasma assisted CO: dissociation in pure and gas mixture streams at
ambient conditions
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Abstract:

Carbon dioxide decomposition is a challenging
target to combat climate change. Nonthermal
plasmas are advantageous for this purpose be-
cause they operate at ambient conditions and can
be easily scaled-up. In this study, we attempt the
CO; splitting into CO and O in a parallel plate
packed-bed plasma reactor moderated with Lead
Zirconate Titanate (PZT) as ferroelectric compo-
nent, achieving conversion rates and energy effi-
ciencies higher than those obtained with BaTiO;
in our experimental device. The analysis of the
reaction mechanisms with optical emission spec-
troscopy under various operating conditions has
shown a direct correlation between energy effi-
ciency and intensity of CO* emission bands.
These results and those obtained with a LiNbOs3
plate placed onto the active electrode suggest that
high temperature electrons contribute to the split-
ting of CO; through an enhancement in the for-
mation of CO," intermediate species. Results ob-
tained for CO; + O, mixtures confirm this view
and suggest that back recombination processes
involving CO and O, may reduce the overall
splitting efficiency. The study of mixtures of CO;
and dry air has proved the capacity of ferroelec-
tric packed-bed reactors to efficiently decompose
CO; with no formation of harmful NxOy sub-
products in conditions close to those in real facil-
ities. The found enhancement in energy effi-
ciency with respect to that found for the pure gas
decomposition supports that new reaction path-
ways involving nitrogen molecules are contrib-
uting to the dissociation reaction. We conclude
that PZT moderated packed-bed plasma reactors
is an optimum alternative for the decompositon
of COs in real gas flows and ambient conditions.

Keywords: Nonthermal plasmas, CO, decompo-
sition, packed-bed reactor, atmospheric pressure
plasma, ferroelectrics, optical emission spectros-
copy (OES).
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Plasma Diagnostics in Glow Discharge Emission Spectroscopy:
a Glimpse into the Excitation Processes Involved

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

Abstract:

Glow discharge optical emission spectroscopy
(GD-OES) with a Grimm-type source (Figure 1)
is a well-established method for elemental analy-
sis of metals, coatings and surface-modified ma-
terials. In most cases, a simple calibration-based
procedure is sufficient to interpret analytically
the emission intensities. In some situations, how-
ever, deviations from the calibration model occur
and corrections are necessary. To establish such
corrections, a good understanding of glow dis-
charge excitation is desirable.
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Figure 1: Grimm-type glow discharge excitation
source: a flat sample to be analysed acts as a
cathode in a glow discharge in argon. The spec-
trum is viewed end-on, in axial direction, and an-
alyzed by an optical spectrometer.

Glow discharge excitation of several analyte ele-
ments has been studied experimentally using the
high-resolution VUV-VIS Fourier transform
spectrometer at Imperial College London, UK.
Emission spectra, consisting typically of hun-
dreds of lines of each analyte element were inter-
preted using two formalisms: (1) Experimental
Boltzmann plots, expressing relative populations
of excited levels of an atom or ion under study as
function of their excitation energy, and (2) tran-
sition rate (TR) diagrams [1], expressing relative
radiative depopulation rates of excited levels as
function of their energy, and making thus possi-
ble to track individual decay paths of excited
states, map cascade processes and describe
thereby the excitation of the atom or ion under
study. Major findings to be reported are as fol-
lows:

(1) Deviations from local thermodynamic equi-
librium (LTE) exist and are caused by the fact
that radiative decay of excited levels is not negli-
gible compared to the deexcitation by electrons
and violates thus microscopic reversibility in the
excitation/deexcitation by electron collisions.
The resulting Boltzmann plots are still close to
linear but the thereby established ‘excitation tem-
peratures’ of analyte atoms, T(Me"), and ions,
T(Me"), are not equal, and follow the relation
T(Me’) < T(Me") < T. where T, is electron tem-
perature and Me is the element under study [1].

(2) Ar'-Me° asymmetric charge transfer (ACT)
reactions cause selective over-population of the
Me II (ionic) levels with total energies close to
the argon ionization energy, 15.76 eV. Their de-
cay enhances populations of lower Me II levels
and this may affect the whole Me" spectrum (=all
other Me II levels that are excited from those low
levels by electron or heavy particle collisions).
The degree of ionization will then be higher than
what would correspond to the equilibrium de-
scribed by the Saha equation. If the Me Il ground
term or low metastable Me II levels are enhanced,
this enhancement may also spread, due to elec-
tron collisions, into the highest Me I levels [1].

The effects mentioned were studied also in a hol-
low cathode discharge [2]. It was found that Ar'-
ACT reactions are more strongly expressed in the
flat-cathode configuration than hollow cathode.

Keywords: glow discharge, GD-OES, emission
spectroscopy, Boltzmann plots, transition rate di-
agrams, LTE, local thermodynamic equilibrium,
asymmetric charge transfer, ACT
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Graphene Coatings: A Disruptive Approach to Remarkable Corrosion
Resistance

Raman Singh,
Department of Mechanical & Aerospace Engineering, Department of Chemical Engineering, Monash
University, Australia

Abstract

Corrosion and its mitigation costs dearly (any developed economy loses 3-4% of GDP due to corrosion, which
translates to ~$250b to annual loss USA). In spite of traditional approaches of corrosion mitigation (e.g., use of
corrosion resistance alloys such as stainless steels and coatings), loss of infrastructure due to corrosion continues
to be a vexing problem. So, it is technologically as well as commercially attractive to explore disruptive
approaches for durable corrosion resistance.

Graphene has triggered unprecedented research excitement for its exceptional characteristics. The most relevant
properties of graphene as corrosion resistance barrier are its remarkable chemical inertness, impermeability and
toughness, i.e., the requirements of an ideal surface barrier coating for corrosion resistance. However, the extent
of corrosion resistance has been found to vary considerably in different studies. The author’s group has
demonstrated an ultra-thin graphene coating to improve corrosion resistance of copper by two orders of
magnitude in an aggressive chloride solution (i.e., similar to sea-water). In contrast, other reports suggest the
graphene coating to actually enhance corrosion rate of copper, particularly during extended exposures. Authors
group has investigated the reasons for such contrast in corrosion resistance due to graphene coating as reported
by different researchers. On the basis of the findings, author’s group has succeeded in demonstration of durable
corrosion resistance as result of development of suitable graphene coating. The presentation will also assess the
challenges in developing corrosion resistant graphene coating on most common engineering alloys, such as mild
steel, and presents results demonstrating circumvention of these challenges.
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How to Slide (almost) without Friction from Boundary to
Hydrodynamic Lubrication
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Ecully, France

Abstract:

Reducing friction dissipations is a promising way
to contribute to the global welfare. To do so, the
first approach is to use low-viscosity fluids and
the second one is to modify the surfaces in con-
tact.

We illustrate here the combined approach con-
sisting in investigating the surface effects on fric-
tion in contacts lubricated with low-visocity flu-
ids, over all the lubrication regimes.

We will first present our new 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 107 to 10 m/s and up to few GPa
[1-4], by combining simultaneous measurements
of contact forces with film thickness distribution.
We will second focus on an example, the tribo-
logical behavior of polymer solution. The inter-
actions between the metallic surface and the pol-
ymer additive induced the formation of a 10-nm
thick boundary layer, that was highly elastic,
with a shear elastic modulus of 90 MPa under a
50MPa contact pressure. Interferogram analysis
showed that patches of adsorbed film well cov-
ered the surface at low velocity. At high velocity,
the film thickness followed the elastohydrody-
namic prediction. In hydrodynamic lubrication
regime, a micrometric hydrodynamic film sepa-
rated the surfaces, highlighting the role of viscos-
ity. The existence of this boundary film resulted
in friction reduction, shifted the mixed/EHL re-
gime transition towards lower velocities. In hy-
drodynamic regime, two regimes, thermal vs
non-thermal, competed depending on the kine-
matics. The non-Newtonian fluid rheology under
high shear was also investigated.

Keywords: friction reduction, surface, boundary
lubrication, elastohydrodynamic lubrication, hy-
drodynamic lubrication.
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Figure 1: In-situ multi-scale analysis of the lu-
brication regimes thanks to the IMOTEP re-
search platform covering 11 decades of sliding
velocities and contact pressure, from 10° to 10
m/s and up to few GPa.
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Modeling of Lubrication between Parallel Rough Surfaces: Chal-
lenges and New Solutions

N. Brunetiére'
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Abstract:

In his pioneering work, Reynolds (1) was aware
that roughness can affect the lubricant flow. First
models considering roughness effect in thin film
flows were proposed in the 60’s. The 70’s were
probably the most fruitful period with the 4™
Leeds Lyon Symposium fully dedicated to this
topic and the famous papers of Patir and Cheng
(2,3). They considered roughness effect as a per-
turbation of the solutions obtained with smooth
surfaces. This method proves its efficient in
many situations except for parallel rough sur-
faces. It is then necessary to used deterministic
approaches based on very thin mesh capturing
the detail of the surface topography. This alter-
nate method is limited to small domains and by
long computation times. Several multiscale
methods (figure 1) can now push back these lim-
itations (4,5). They will be briefly presented as
well as their ability to evolve toward new hybrid
and adaptive methods, the possible future meth-
ods for tribology simulation.

Keywords: Lubrication, roughness, mixed re-
gime, multiscale methods, numerical simulation

Multiscale method for computation time reduction

Multiscale method
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Figure 1: Example of a multiscale finite element
method used for lubrication simulation with
rough surfaces (5).
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Study on the Effect of Water Content on Tribological Performance of
Grease

S.Y. Chern, W. L. Liu, M. F. Gu
Department of Power Mechanical Engineering, National Formosa University

Abstract:

Grease is an important type of lubricant for me-
chanical components. However, the lubricating
performance of grease is often reduced due to the
contamination of natural water content during the
operation. This can lead to an earlier grease
change and even machine downtime occurs. The
effect of water content on mechanical parts is
more significant, because the water content in
grease will react with the surface of the parts to
cause hydrogen embrittlement. When the surface
material of the machine parts is damaged, the wa-
ter content in the grease damages the mechanical
parts more than particles affects the grease [1].
Grease life can be reduced by up to 90% with

only 1% water content contained in the grease [2].

In this study, after simulating the contamination
of water content in the grease, a four-ball wear
test machine was used to conduct experiments.
Then the wear scar diameters after experiments
was measured by an optical microscope, and the
absorbance of the grease before and after tests
was measured by the LED red light optical mod-
ule.

After the four-ball wear tests of the grease
blended with 0.0, 0.5, 1.0 and 1.5 wt% water con-
tent, the results indicated that the more water con-
tent in the grease, the larger the wear scar diame-
ter. Using LED red light to detect the absorbance
of grease before and after tests, it is found that the
red light absorbance, water content and wear
have a positive relationship.

Keywords: Grease, Wear, Water Content, Ab-
sorbance.
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Figure 1 Comparison of the average wear scar

diameter after tests of grease with different wa-
ter contents

Figure 1 shown the change in wear scar diameter
before and after the experiments of grease with
different water contents. It is found that the more
water content in the grease, the larger the wear
scar diameter. Especially, the wear diameter is
the largest at the water content of 1.5 wt% .
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Figure 2 The absorbance of LED red light before
and after tests of the grease with different water
contents

Figure 2 shows the change in the absorbance of
LED red light before and after tests of the grease
with different water contents. It is found that the
absorbance of grease increases with the water
content and increases faster when the water con-
tent is greater than 1.0 wt%. After the wear tests,
the absorbance of grease also increases with the
water content.
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Influence of Laser Cladding on the Tribological and Microstructural
Properties of Ex-Service Light Rails
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Abstract:

Laser cladding is a surface engineering technique
used to metallurgically bond a coating of metallic
powder on a substrate (Figure 1) to improve its
mechanical and tribological properties. The high-
quality cladding layer enhance the wear and fa-
tigue resistance as well as favourable microstruc-
tural characteristics which aims to protect the un-
derlying bulk rail. Light rail is prone to rapid de-
terioration due to the low carbon steel grades
commonly used in switch blades of tram net-
works. As these light rail systems are heavily re-
lied upon for passenger transit, improving repair
techniques to prolong the operation life is critical.

Laser cladding may be implemented as an addi-
tive manufacturing-based maintenance method to
rebuild the profile of these worn components and
deposit wear resistant coatings. In this study, la-
ser cladding has been applied to rebuild worn,
light rail components using Co-Cr based Stellite
6 and Stellite 21 alloys, and a new martensitic
stainless steel. Tribological wear tests were per-
formed on a custom-made roller on disc wear test
machine. In comparison to the non-clad rails, the
study demonstrated a noticeable decrease (about
93.9%) in the accumulated wear rate of the clad-
ded samples.

This study aims to show the suitability and bene-
fits of laser cladding as an alternative mainte-
nance strategy for light rail applications. Moreo-
ver, the findings from this study can be directly
applied by railway infrastructure companies and
industry operators to update and enhance their
maintenance strategies.

Keywords: laser cladding, light rails, railway
maintenance, tribological properties, microstruc-
tures.
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Figure 1: Figure illustrating the schematic dia-
gram of a laser cladding process [1].
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Study on the Deterioration of Lubricating Oils with
Environmental Particles

J. H. Horng, J. L. Lin, Y. Y. Lin
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(R.O.C)

Abstract:

Lubrication is an important technology to
reduce friction and wear, and different lubricants
are used for different component materials and
operating conditions. Generally, lubricating oils
at the contact interface between two components
may be contaminated by environmental particles.
In 2017, Liu et al. [1] found that the addition of
silica nanoparticles in nanofluids show better
anti-wear and anti-friction properties. Therefore,
in this study different weight percentages of sil-
ica nanoparticles were added to lubricating oils
having different viscosities (R32 and R68) to
conduct experiments, and to simulate the situa-
tion that the lubricating oils is contaminated by
foreign particles. A line contact tribotest machine
was used to study the variation in tribological be-
haviors at the contact interface, and analyze the
change in the characteristic of two oils blended
with different weight percentage of the particles,
then measure the deterioration degree of the lu-
bricating oils.

The results indicated that the wear and oil
temperature of both the R32 and R68 oils formu-
lated with the silica nanoparticles show maxi-
mum values at the particle concentration of 0.10
wt%, and a minimum values at the particle con-
centration of 0.15 wt% under the same load and
sliding speed, as shown in Figures 1 and 2. This
tendency is the same as that in the research by
Horng et al. [2].

Keywords: Nanoparticle, Wear, Temperature.
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Figure 1 The wear scars after tests of the oil R32
with different concentrations of silica particles

Figure 1 shows the change in wear scar diame-
ters after the experiments with the oil R32

blended with non-concentrated silica particles.
The best particles concentration was observed at
0.15 wt% while the worst concentration was at
0.10 wt%. Hence, adding an appropriate concen-
tration of silica particles to the oil R32 can im-
prove the anti-wear and anti-friction perfor-
mance, but the concentration is not the more the
better.
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Figure 2 The variation in temperature of the oil
R32 added with different concentrations of silica

particles

Figure 2 shows the variation in oil temperature
of the oil R32 formulated with different concen-
trations of silica particles during wear tests. The
results show that appropriate addition of silica
particles to the lubricating oil can reduce the oil
temperature.
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Defining a shear hardness: a computational approach
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"'School of Engineering, Institute for Infrastructure and Environment, The University of
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Abstract:

Hardness is defined as the characteristic ability of
a material to resist penetration or abrasion by
other bodies [1]. Any quantitative measure of this
feature of material behaviour depends on the
technique used for its measurement. Several
standard procedures have been developed for the
interpretation of indentation hardness (Vickers,
Brinell, Berkovitch). However, scratch hardness
has not been formalized to the same extent.
Scratch hardness is the ability of one material to
resist scratching or abrasion. It is often quantified
through the concepts of “dynamic scratch hard-
ness” or “ploughing hardness[1, 2]. The former
is defined as the normal force applied during a
scratch test divided by the normal area, Hg =
Fy/Ap; the latter is the lateral force divided by
the area orthogonal to the scratch direction, H,, =

F;/A;. The resistance to scratching usually de-
pends on the friction force at the interface and the
dynamic scratch hardness clearly does not ac-
count for that. On the other hand, the ploughing
hardness is practically difficult to use as the lat-
eral area A; can be negligibly small and difficult
to quantify, especially in the case of a shallow
scratch [3].

Here we introduce the new concept of “shear
hardness” to characterize the resistance to
scratching of a material. It is defined as the ratio
of lateral force to normal area, Hyppq = Fi/Ap.
By using a novel approach for modelling abra-
sion, we give an operative definition of shear
hardness. An immobile surface is discretized by
a set of nodes and is abraded by a non-deforma-
ble particle. When the pressure on the surface
overcomes a threshold, abrasion starts and the
nodes are displaced along the normal to the sur-
face to account for the surface change. From the
consideration that a hard tip can scratch a softer
surface even without an initial indentation, we
show that the shear hardness is related to the in-
dentation hardness through a coefficient y, <1,
setting the effective resistance to scratching. As
such a newly defined shear hardness is easily
measured experimentally, it can lead to a new and
efficient computational approach to model the
surface abrasion of materials.

Keywords: surface hardness, computer simula-
tions, friction, abrasion.

Uqg = 0.25

Figure 1: Scratching of a soft (top) and hard
(bottom) material. The shear hardness is related
to the indentation hardness through the coeffi-
cient u, < 1, setting the effective resistance to
scratching.

References:

1. Williams, J., A. (1996) Analytical models of
scratch hardness, Tribology International,
29, 675-694.

2. Leroch, S., Varga, M., Eder, S., J., Vernes, A.,
Rodriguez Ripoll, M., Ganzenmiiller, G.
(2011), Smooth particle hydrodynamics
simulation of damage induced by a spherical
indenter scratching a viscoplastic material,
International Journal of Solids and Struc-
tures, 81 (2016) 188-202

3. Zhang, S., Guo, X., Jin, Z. , Kang, R., Guo,
D., Tang, W. C. (2020) Surface morphologies
and corresponding hardness evolution dur-
ing nanoscratching, J mater res technol,
9(3), 3179-3189

Page 154



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Advancing Solid Interfaces and Lubricants by First principles
Materials Design

M. Clelia Righi
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Abstract:

In this talk I will describe i) the workflow we de-
veloped for the high throughput screening of
solid interfaces. A database for interfacial prop-
erties, such as adhesion and shear strength will be
presented and discussed ii) the nanotribological
properties of MXenes, focusing on the effect sof
surface terminations on interlayer and layer-sub-
strate interactionsi)

ii) First principles high throughput calculations
have been successfully applied to screen the
properties of hundreds of materials in an autom-
atized way. However, implementing a workflow
for high-throughput calculations is challenging
and requires robust IT infrastructures to collect,
analyze, and save the data. To this end, we have
designed and developed an advanced software
package to study solid materials with density
functional theory (DFT). It allows to carry out
high-throughput analyses to evaluate the proper-
ties of bulks, surfaces, and interfaces. We used
our package to calculate important tribological
figures of merit connected to dry adhesive fric-
tion of solid-solid interfaces.

i) MXenes are 2D transition metal carbides or
nitride terminated with a mixture of —-O, —F, —-OH
or —Cl surface terminations. The composition and
structure of the layers enables the tuning of
MXenes properties according to the target
application. Here, we screen the effects of
composition and termination on the tribological
properties of MXenes. Our results indicate that
interlayer adhesion and friction as well as the
layer binding to iron and iron-oxide are governed
by termination. Interestingly, MXenes with
selective terminations show superior lubricating
properties than MXenes with uncontrolled and
mixed terminations.

Keywords: High throughput calculations, work-
flow, solid interfaces, adhesion and shear
strength, MXenes
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Figure 1: Figure illustrating the high throughput
screening of MXenes’ tribological properties.
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Detection and Prevention of Early Surface Degradation
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Abstract:

Wear in highly stressed contacts can generate
work function differences and charge distribu-
tions on wearing surfaces through phase transfor-
mations, material transfer and tribofilm evolu-
tion; thus detecting those early wear phenomena
would inform the health of tribo-contacts and
prevent catastrophic failure' 2. This talk investi-
gates the early wear detection using multi-sens-
ing techniques and machine learning.
Calibration tests are reported of array electro-
static (ES) sensors using both a reciprocating fa-
cility and a twin rolling disc facility with differ-
ent patterns of metals inserted. The calibration re-
sults show the sensors could distinguish metals
and their pattern with different work func-
tions (Figure 1). A 3D model was developed in
COMSOL Multiphysics to simulate the ES array
sensor response to charge patterns, and was
found to be in good agreement with the calibra-
tion test results. Acoustic Emission (AE) sensors
were used to detect elastic wave generation
caused by asperity interactions and crack propa-
gation and are compared and correlated to ES sig-
nals.

A twin-disc tribometer was then used to perform
rolling contact fatigue experiments on bearing
steel discs under rolling-sliding contacts in mixed
lubrication regime. Optical and electron micro-
scopes were used to identify wear patterns and
measure wear development after initiation of tri-
bofilms and pitting respectively. Features of
early wear were extracted using time domain and
frequency domain analyses of electrostatic and
AE data. Time synchronous average analyses
of electrostatic signals identified surface features
which changed surface work functions i.e. tri-
bofims and pits. Time domain features of AE ap-
peared to be sensitive to asperity contact condi-
tions and frequency domain features were sensi-
tive to crack propagation and pitting propagation.
It is therefore concluded that electrostatic and AE
provide considerable insight into early surface
degradation.

Wear tests were also conducted on a reciprocat-
ing tribometer under starved lubrication condi-
tions. The electrostatic signal was captured along
with the stroke position and the friction force.

Five families of outlier detection algorithms were
used in the data analysis, including regression,
density mapping, ensemble, matrixand neural
network methods. The outlier scores were calcu-
lated for each stroke, and successfully indicated
the progression of wear on the surface.

Keywords: surface degradation, early wear,
electrostatic sensing, acoustic emission sensing,
condition monitoring.
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Figure 1: Figure indicating the set-up and data
results of electrostatic sensor testing. The elec-
trostatic array sensor distinguishes different met-
als and identifies metal patterns.
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Triboscopy of Carbon Coatings Under Dry Friction Conditions
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Abstract:

Tetrahedral amorphous carbon (ta-C) has been
shown to exhibit exceptionally low friction and
wear under dry sliding in the presence of water
vapor as well as acceptably low friction and wear
in the presence of inert gases. It is known that
these properties deteriorate rapidly under vac-
uum conditions with decreasing pressure [1].
For a better understanding of the wear mecha-
nisms in doped and undoped ta-C coatings under
vacuum and dry conditions, more advanced tri-
boscopic imaging methods in regards to these
systems were developed. Triboscopy has been
described by Belin et al. as the numerical imag-
ing of the evolution of a tribosystem and com-
bines local and time-resolved information, most
often the evolution of friction [2].

The experimental data shown in this study was
obtained from a custom-built ultra high vacuum
tribometer in ball-on-disc configuration. Based
on these experiments, an extended classification
to distinguish the different triboscopic features is
suggested depending on the the persistence in
both track position and time: Uniform, Global,
Local, and Sporadic. Furthermore, a filter tech-
nique for quantifying triboscopic data in regards
to this classification is introduced (Figure 1). The
new and improved triboscopic techniques are ap-
plied to the various dry friction measurements of
hydrogen-free carbon coatings under varying hu-
midity and pressure. The resulting specific tribo-
scopic features are correlated to distinct wear
phenomena, demonstrating the increased analyt-
ical capabilities when compared to conventional
friction curves and wear track images. While in
the context of this work the correlations were
made after the experiments, the use of these find-
ings for monitoring in-line experiments can
strongly enhance the capability of monitoring
tribological systems in the future.

Keywords: triboscopic images, diamond like
coatings, DLC, ta-C, a-C, ta-C:X, vacuum
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Figure 1: Procedure for quantifying triboscopic
data, by extracting the directional triboscopic
features 2-D Fourier transform. The spatial in-
formation is well preserved and a quantitative
evaluation is made possible.
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Hydrostatic load on wavy sealing surfaces

De Huang"", Xiang Yan?, Roland Larsson' and Andreas Almqvist'

! Division of Machine Elements, Lule& University of Technology, Lulea 97187, Sweden.
2 Saint-Gobain Seals, Bristol, RI 02809, USA.

Abstract:

Fluid between contacting surfaces is inevitable due
to the non-conform contact. The interfacial fluid
between the contacting surfaces can exist in several
states. Before the percolation threshold, there are
flow paths that penetrate the contacting surfaces
from inlet to outlet. Meanwhile, there is also fluid
being blocked halfway and never able to reach the
outlet. Moreover, the fluid can be surrounded by
contacting areas and isolated from both the flow
inlet and outlet. It is of interest to understand the
effect of interfacial fluid on the contact state of the
sealing surfaces and the sealing performance.
Fluid-Structure Interaction (FSI) need to be
considered when studying the sealing problem with
fluid between interface [1]. In the current study, A
finite element model is built to simulate a wavy
sealing surface with fluid both isolated from and
connect to the high-pressure side. The main research
interest is how the contact state change with varying
loading conditions and the effect of the initial
trapped volume of the fluid between contacting
interfaces.

A

t Po+ M\p f
Figure 1: Problem set-up for the FEM model. A
linear elastic wavy surface y(x) = Acos(4mx/A)
of length A contact with a flat rigid body under a
total vertical load Py + A pf, where P is the line
load density of the pre-tension and py is the sealed
fluid pressure. The trapped fluid pressure p;f is
determined through equation (1). The two peak
contact pressure are p,,, and pp,;.

A plane strain problem is studied for an assembly
shown in Figure 1. The fluid compressibility is
considered for the trapped fluid and the magnitude
of trapped fluid pressure p;s is determined by [2]:

per =7 ((V/VDP - 1), (D
with V; = aV,,, where Vj is the closed gap volume
between the contacting surfaces without loading and
a is the initial volume ratio of the trapped fluid in
the closed gap. The parameters p; and k is

determined by fluid properties.

We observed that the trapped fluid pressure p;r
increases with sealed fluid pressure py as it is
compressed, and the increase rate of p;s slows
down with higher ps. The trapped fluid pressure can
approach to the sealed fluid pressure but can never
be greater than py in the current study, as shown in
Figure 2(a). The sealed fluid between contacting
surfaces generates a bending moment on the seal. To
counter this moment, more contact pressure shifts to
the low-pressure side of the seal and create higher
peak contact pressure at the low-pressure end. This
explains that the peak contact pressure ratio first
increases as py increases.
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Figure 2: (a) The relationship of trapped fluid
pressure p;r with sealed fluid pressure py, for
different initial volume ratio of the trapped fluid .
(b) The relationship between the peak contact
pressure ratio P, /Pmn and sealed fluid pressure

py, for different initial volume ratio of the trapped
2nEA

(1-v2)A’
where E is elastic modulus and v is the Poisson
ratio. The pre-tension Py = 0.014Ap;.

fluid a. The pressure is scaled with py =

Keywords: Seal, Contact mechanics, Trapped
fluid.
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Abstract:

Automotive and aerospace engineering is charac-
terized by an ever-increasing reduction in energy
consumption, partly due to restrictions imposed
by government regulations. This leads to new in-
novations for reducing friction and wear in light-
weight components. In particular, components
that are in constant frictional contact have a high
potential for further improvements in tribological
properties. High-performance polymers like pol-
yether ether ketone (PEEK) are potential candi-
dates to substitute state of the art friction-reduc-
ing coatings due to their excellent properties in
terms of temperature resistance, friction reduc-
tion as well as corrosion and wear protection.
Conventionally, PEEK is applied to the compo-
nent in a microparticulate dispersion. It is then
melted in an oven-based process, whereby the en-
tire component is heated above the melting tem-
perature of PEEK (Twm = 340 °C) for minutes up
to hours [1]. Due to the high thermal load on the
component, temperature-sensitive materials can-
not be processed without a significant reduction
in the hardness of the component. Engine pistons
are usually made of an aluminum alloy, which is
why it is not possible to apply these coatings us-
ing conventional methods.

An innovative approach to overcome this deficit
is to form a dense and adhesive protection layer
by melting the microparticulate PEEK layer us-
ing laser radiation. Due to the rapid heating and
cooling rates, laser radiation offers the possibility
to achieve the necessary melting temperature
within the coating while reducing the thermal
load on the substrate material. This leads to new
challenges in obtaining sufficient adhesion be-
tween coating and substrate due to the compara-
bly low substrate surface temperature during the
process [2,3].

The present study deals with the development of
a laser-based melting process using two laser
beam sources to produce adhesive and dense
PEEK coatings for tribological applications. Ad-
ditivation of the powder makes it possible to fur-
ther enhance the performance of the coating in
terms of corrosion protection, wear protection

and lubricant film formation. The individual lay-
ers can be applied one on top of the other by
means of printing or spraying processes and sub-
sequent laser post-treatment, allowing discrete
multi-layer systems with application-adapted
properties to be produced.

Keywords: Laser-based processing, Laser melt-
ing, High-performance polymers, Polyether ether
ketone, PEEK, Tribological coatings, Surface
treatments, Coating application, Temperature
sensitive materials

Figure 1: Figure illustrating a polymeric tribo-
logical coating on an engine piston produced in
a laser-based process.
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Weighted LASSO feature selection for the analysis of FT-IR spectra

applied to relate engine oil degradation patterns
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Abstract:

FT-IR spectroscopy is a popular and widely ap-
plied method for the analysis of fresh and de-
graded lubricants that has also been used to pre-
dict oil attributes such as Viscosity Index (VI),
Total Acid Number (TAN) or Total Base Num-
ber (TBN) and oil degradation [1]. Recent ad-
vances in artificial oil alteration allow for the pro-
duction of large quantities of degraded oils under
laboratory-controlled conditions [2]. To adjust a
defined degree of degradation qualitatively and
quantitatively in the laboratory, knowledge of the
degradation mechanisms in the field and their
connection with the parameters of artificial alter-
ation is indispensable. Using weighted LASSO
regression [3], this work contributes to under-
standing the quantitative relationship between ar-
tificial alteration and degradation in field use.

A comprehensive data analysis pipeline is pre-
sented and demonstrated on a real-world dataset
consisting of FT-IR spectra of in total 58 engine
oils in different conditions: First, a PCA-
reconstruction-error based procedure to filter
non-informative variables is presented. This pre-
procesing method does not rely on manual selec-
tion of the FT-IR absorption bands that are suita-
ble for analysis, but performs the filtering of non-
informative variables objectively. Figure 1 illus-
trates the result of the filtering method.
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Figure 1. Diagnostic plot for filtering: The blue-
dashed ranges are identified as non-informative.

Then, (weighted) LASSO regression, motivated
both from a mathematical and chemometric point
of view, is applied to the given dataset. Further-
more, suitable statistical methods to derive con-
fidence intervals based on the concept of post-se-
lection inference [4] and measures for variable
importance are discussed. Using weighted
LASSO, experts’ knowledge can be integrated
with model building, and variable selection is
performed during the estimation process. This

leads to simple models with very few variables
and excellent prediction performance.

The presented methods are applied to model how
different patterns of artificial oil alteration as
well as field use are associated. Figure 2 visual-
izes the relation between artificial large-scale al-
teration and field use according to our model.
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Figure 2. The model leads to high predictive power
between duration in artificial large-scale alteration
and mileage in field use.

Keywords: oil condition monitoring, chemomet-
rics, spectroscopy, high-dimensional data analy-
sis
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Analysis of the incomplete film in journal bearings using
computational fluid dynamic
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Abstract:

An axial groove is a common lubricant supply
method for hydrodynamic bearings to distribute
lubricant over the axial length of the bearings.
Full starting lubricant film has become a com-
mon assumption in the theory of hydrodynamic
lubrication when solving the Reynolds equation.
However, the theoretical solution with this as-
sumption yields a poor correlation to experi-
mental observations when side leakage is consid-
ered. To resolve this issue an incomplete film up-
stream boundary conditions should be adopted.
The length of the starting film should depend on
the lubricant supply conditions such as supply
pressure, load, and inlet geometry.

To clarify the realistic upstream boundary condi-
tions of hydrodynamic bearings, a computational
fluid dynamics analysis of two-phase (due to cav-
itation) flow was used to obtain the distribution
of lubricant in a journal bearing, including inlet
tube and groove.

By intensive parametric study for clearance, ve-
locity, and inlet mass flow rate, an empirical ex-
pression for the oil spread-length is derived for a
simplified geometry of parallel plates [1] and for
the complex geometry of a journal bearing [2].
It was found that for an incomplete starting film,
the oil spread-length varies along the groove
depth and film thickness (Figure 1). The numeri-
cal simulations also show that in the cavitation
region, the streamlets do not fill the entire film
thickness. A comparison with experimental ob-
servation (Figure 2) validates the present model
as a proper one for accurately solving oil spread
in similar systems.

Keywords: lubricant supply method, incomplete
lubricant film, journal bearing, upstream bound-
ary conditions, CFD analysis, bearing design and
technology, fluid film lubrication, lubricant dis-
tribution, streamlets.
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Figure 1: Distribution of o,y on (a) front view
and (b) back view of the entire journal bearing
and (c) zoom in on the groove region. Taken
form [2].
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Figure 2: Comparison of oil spread and streamlets be-
tween the CFD simulation and the experimental observa-
tion. Taken form [2].
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atmospheric conditions
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Abstract:

It is well known that tribological systems
operating in vacuum environments present
severe challenges to be overcome. MoS:; is one of
the most well-known materials for providing low
friction in both ambient and vacuum
environments. However, it has a low wear
resistance and a limited ability to withstand
higher contact pressures. Super-hard hydrogen-
free tetrahedral amorphous carbon coatings
(ta-C) are a possible wear-resistant alternative.
While they have low friction and wear properties
in air at normal atmospheric conditions, their
vacuum performance is limited when self-paired
or in combination with steel.

In this work, the impact of various counter body
materials is studied when paired with ta-C
coatings. The evaluated counter body materials
include brass, bronze, copper, silicon carbide, as
well as aluminum oxide (Al,O3), steel and ta-C
coated. In particular, brass was found to be the
most promising counterbody material, and it was
put to the test in direct comparison to steel as well
as in long-term performance tests. In the short
term, regardless of pressure, the brass/ta-C
friction pair exhibits low friction (~0.1) and high
wear, whereas in the long term, the friction
coefficient increases (up to 0.52) due to a change
in wear mechanism. Al203 was found to be a
promising sliding partner against ta-C, with a
higher friction coefficient (0.3) but signi-ficantly
lower wear than brass.

Keywords: diamond like coatings, DLC, ta-C,
tribology, vacuum
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Figure 1: Steady-state friction coefficients of
tribological experiments performed with the
tribo pairs brass/steel, brass/ta-C and steel/ta-C
pairs, at 10°> mbar and 10”7 mbar.
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Aerosol assisted plasma deposition of composite coatings:
from biomaterials to catalysis
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Abstract:

Atmospheric pressure plasma is a versatile tool
for the modification of materials surfaces with a
wide range of applications. Aerosol injection of
precursors can be coupled with atmospheric pres-
sure plasma largely extending the flexibility of
this kind of process. In fact both solid and
scarcely volatile precursors can be delivered to
the plasma, increasing the assortment of chemi-
cal surface modification. In the case of solid com-
pound a suitable solvent is chosen for its disper-
sion. Furthermore, labile bio-active molecules,
that commonly can be damaged in the reactive
plasma environment, when injected with aerosol
are less prone to chemical alteration, since they
are protected by a solvent shell.

In this conditions, the deposition of drug contain-
ing coatings can be easily achieved, with appli-
cation in the biomedical field as drug delivering
systems, biosensing device and alike. Gentami-
cin, vancomycin and lysozyme containing films
have been deposited preserving the antimicrobic
activity. Such coatings show a release kinetic
when immersed in water. Furthermore, it will be
demonstrated that with a proper choice of aerosol
solution and addition of ethylene as a source of
the embedding matrix, unique core—shell
nanocapsules can be obtained, as reported in fig
1.

On the other hand it will be shown that photo-
catalytic nanoparticles can be injected in plasma
giving origin to nanocomposite coatings useful
for water pollutants degradation.

Keywords: nanocomposite, antibacterial, plasma
deposition, aerosol

Figure 1: Cross-sectional SEM images of
plasma-deposited coatings (20 sccm ethylene,
5slm He, 15 mg/ml of vancomycin solution) in
(a) continuous mode, (inset top view) and (b)
pulse mode condition. (¢) Top view: SEM image
of a CM plasma-deposited coating after 60 min
immersion in water.
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Abstract:

Carbon-based rechargeable lithium-ion batteries
have been intensively commercialized since the
development by Sony Laboratory. Lithium is re-
placed by a carbon host structure that can revers-
ibly absorb and release lithium ions at low elec-
trochemical potentials. Furthermore, the N-dop-
ing of the carbon material shows a significant in-
crease in specific capacity relative to the pure
carbon structure, enhancing the performance of
the lithium battery. It is worth noting that solu-
tion plasma is a simple method for synthesizing
high proportions of N-doped carbon. However, to
date, there is no effective condition for the stable
synthesis of the desired N-doped carbon. This is
because there are numerous parameters which in-
clude equipment-dependent parameters and
physical property parameters in the solution
plasma process. And they have complex relation-
ships with each other.

In solution discharge, the carbon formation reac-
tion is occurred by undergoing electron transfer
of plasma and molecules. In the plasma reaction
field, gaseous atoms and molecules are excited to
different levels under conditions of inelastic col-
lisions of free electrons, resulting in excited
chemical species. Different atoms or molecules
radiate in a specific wavelength range, which cor-
responds to the potential energy difference be-
tween the upper excited state and the lower layer.
This fine wavelength component can be captured
using a high-resolution optical emission spec-
trometer and is presented as a peak profile. It pro-
vides information about the emitted species in the
solution plasma reaction field, however, these
emitted species are the fundamental processes
that form the carbon structures.

As the result shown in Figure 2, there is a corre-
lation between the peak profiles obtained by
emission analysis in the plasma and the final

carbon products. If the emission profile is C, or
CN domination, it will induce the synthesis of
graphite products with a larger size, high crystal-
linity, and around 7 at % dopants. This result
shows that the emission profile and index of ex-
cited chemical species could act as an index to
indicate the synthesis of different carbon struc-
tures in the case of solution plasma reaction field
for cyclic organic compounds to carbon.

Keywords: Solution plasma, excited chemical
species, optical emission profiles, N-doped car-
bon, correlation.
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Figure 1: Correlation mapping of Excited
Chemical Species Produced by Solution Plasma
in Cyclic Organic Compounds and the final car-
bon products.
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Abstract:

Unlike the conventional alloy composed of two
or not more than three elements, the high entropy
alloy (HEA) is defined as a single-phase solid so-
lutions in which at least five dominant elements
are present.' Each element ranges from 5 to 35
atomic percentage without forming fragile inter-
metallic compounds.>® Herein, we report a novel
cost effective and scaling process for syntheses
of the quinary IrPdPtRhRu HEA-NPs (Figure 1).
The process is based on the plasma ionic liquid
reduction strategy. * The combination of PXRD,
HRTEM, XPS and EDX analyses confirm that
application of the developed wet plasma reduc-
tion method yields the IrPdPtRhRu HEA-NPs.
HEA-NPs with size of =5 nm were synthesized
under mild temperature, atmospheric pressure,
and without the support assistance. All elements
constituting the as-prepared IrPdPtRhRu HEA-
NPs are uniformly distributed in the FCC single-
phase nanostructure. The valence band emission
suggests the hybridization of the metal orbitals in
the IrPdPtRhRu HEA-NPs. The work function
(WF) of 4.63 eV for the HEA is determined by
UPS. WF value is lower than WFs of the metals
from which the HEA consists, suggesting the
higher catalytic activity. The IrPdPtRhRu/C elec-
trocatalyst shows excellent catalytic performance
toward hydrogen evolution reaction (HER) with
the overpotential of 60 mV at a current density of
10 mA cm™. Tafel slope of 40 mV dec™ was rec-
orded in the alkaline electrolyte. HEA electrocat-
alyst exhibits a long-term stability for 6 h without
significant decay under a high constant current
density of 100 mA c¢cm™?. The findings in this
study contribute to the basic science understand-
ing of catalysts and provide a platform for further
development of HEA-NPs electrocatalysts for
large-scale applications.

Keywords: high-entropy alloy nanoparticles,
wet-chemistry method, plasma-ionic liquid
reduction, electrocatalyst, hydrogen evolu-
tion reaction.
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Figure 1: Schematic illustration of synthesis
process of IrPdPtRhRu HEA-NPs using wet
plasma reduction method.
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Synthesis of SiC Nanopowder by DC Plasma for Nuclear Fuel Appli-
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Abstract:

Silicon carbide (SiC) is being widely investigated
in the nuclear industry for a number of advanced
fuel applications [1], [2]. Canadian Nuclear La-
boratories (CNL) is conducting research and de-
velopment on enhanced accident-tolerant fuels
(ATF) for the Canadian Supercritical Water Re-
actor (SCWR) through its Federal, Science and
Technology-Energy program. Typical SiC appli-
cations include, as coating material for cladding
applications [1] and as matrix material in TRIs-
tructural ISOtopic (TRISO) fuel fabrication [2].
A plasma-based method is being developed for
the synthesis of SiC nanopowder. The method is
based on the use of a 40-kW DC thermal plasma
torch for decomposition of silicon-organic mate-
rials and formation of SiC nanoparticles. The ex-
perimental system comprises mainly three sec-
tions [3]. The first section includes the plasma
torch and reactor used to decompose the raw ma-
terial. The second section includes the quenching
zone where SiC condenses and the third section
includes the filtration system where SiC nanopar-
ticles are collected. Figure 1 depicts the experi-
mental set-up used in the tests.

Filtration

Figure 1: Experimental Plasma System [3]

Theoretical work included equilibrium thermo-
dynamic studies performed to estimate SiC, car-
bon (C), and silicon oxide (Si0O,) stability zones
at plasma conditions. The study showed that solid
SiC is stable at temperatures above 500 K.

Experimental work consisted of several tests per-
formed to evaluate the effect of electrical power,

reactor pressure, plasma gas, and quenching rates
on the production of SiC. Figure 2 shows SEM
and TEM images of the produced SiC nanopow-
der. A particle size of less than 50 nm was esti-
mated using SEM and TEM images.

~
o

Figure 2: Synthesized SiC Nanopowder. SEM
(Left) and TEM (Right) Images

SiC nanoparticles were successfully produced
using a methodology based on a thermal plasma
system. Both theoretical and experimental stud-
ies showed that C, and SiO, generation can be
prevented by optimizing the operating conditions
of the plasma process, enhancing the production
of SiC.

Keywords: DC thermal plasma, silicon carbide,
nanoparticles, thermodynamic equilibrium, nu-
clear applications.
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Abstract:

Hydrophobic coatings based on dodecyl acrylate
(DOCA) and perfluorodecyl acrylate (PFDA)
have been deposited via a single step, solvent-
free and scalable atmospheric pressure plasma
process. At certain composition, these coatings
exhibit a static water contact angle (WCA) of
around 125° accompanied by poor mechanical
strength. In order to improve the coatings
strength, two different chemical crosslinkers i.e,
hexanediol methacrylate (HMDA) and hex-
anediol diacrylate (HDA), have been incorpo-
rated into the precursor mixtures. After plasma
polymerization, both kind of coatings with cross-
linkers admixture showed different wettability
behaviour (Figure 1). The addition of HDMA re-
duces the WCA while increasing the mechanical
strength, while the addition of HDA retains of the
initial WCA magnitude while also increasing the
mechanical strength. These changes are related to
the variation of the surface free energy (SFE) and
to the topography of the plasma coatings. The
SFE was calculated with the Owens, Wendt,
Rabel and Kaelble (OWRK) method and the
roughness parameters were calculated at two dif-
ferent scales with two techniques: confocal mi-
croscopy and atomic force microscopy (AFM).
The plasma polymers structure and properties
have been studied via fourier transform infrared
spectroscopy (FTIR), thermogravimetric analy-
sis (TGA) and differential scanning calorymetry
(DSC). Mechanical properties of the coatings has
been quantified via nanomechanical analysis
(AFM) and complemented with scratch testing
(nano-scratch).

Keywords: atmospheric pressure plasma; cross-
linkers, hydrophobicity, indirect discharge, me-
chanical strength.
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Figure 1: Illustration of the two different wetta-
bility behavior for each of the chemical cross-
linkers.
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Abstract:

TiO; is considered as the best photocatalyst due
to its attractive optical and electronic properties,
low cost, non-toxicity, and long-term stability
[1]. However, its band gap energy (3.0-3.2 eV)
can only be excited in the UV light region, which
accounts a small fraction (8%) of the solar en-
ergy, compared to the visible light (45%) [2]. It
has been studied and reported that the desired
band gap of TiO; nanoparticles can be tuned by
using anionic dopant species rather than metals
ions [1]. Doping of anionic species, such as nitro-
gen and phosphorus, were found to be most ef-
fective because its p states contribute the band
gap narrowing [2]. Recently, several doping pro-
cesses have proposed, however, they resulted in
only small amounts (<4%).

We have developed and investigated an alter-
native synthesis route that leads to increased
phosphorus dopant concentration in TiO, nano-
particles, by electrical discharge in liquids, so-
called solution plasma (SP). It was found that the
SP could result in oxygen vacancy and incorpo-
rate the phosphorus, atoms into the structure of
TiO,. Moreover, different configurations of dis-
charges, pin-to-pin, pin-to-coil, and crisscross, as
shown in Figure 1, were used to obtaine different
plasma mode, respectively. They provide differ-
ent energy of particles that proceed the reaction
in plasma field, which was found to relate to do-
pant concentration.

Keywords: solution plasma, TiO,, nanoparticles,
phosphorus, doping, oxygen vacancy
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Figure 1: Figure illustrating the solution plasma
(SP) with (a) different configurations including
pin-to-pin, pin-to-coil, and crisscross, and (b) the
color change of phosphorus-doped TiO, pre-
pared by the SP with pin-to-coil configuration at
the different plasma treatment time (e.g., 10 min,
15 min, and 30 min).
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Adaptive Plasmas and Recent Developments in Plasma Medicine

Michael Keidar
The George Washington University, Washington DC 20052
E-mail: keidar@gwu.edu

Abstract

The uniqueness of plasma is in its ability to change composition in situ. Plasma self-organization
could lead to formation of coherent plasma structures. These coherent structures tend to modulate
plasma chemistry and composition, including reactive species, the electric field and charged particles.
Formation of coherent plasma structures allows the plasma to adapt to external boundary conditions,
such as different cells types and their contextual tissues. In this talk we will explore possibilities and
opportunities that the adaptive plasma therapeutic system might offer. We shall define such an
adaptive system as a plasma device that is able to adjust the plasma composition to obtain optimal
desirable outcomes through its interaction with cells and tissues. Plasma adaptivity is based on the
ability of measuring the cellular response to plasma action in real time and modifying the composition
and power of plasma via a feedback mechanism. Plasma self-adaptation might be feasible due to self-
organization and pattern formation when plasma interacts with targets. Recently, utilising a new
treatment approach that eliminate reactive oxygen and nitrogen species, we observed the strong
killing effect on melanoma and glioblastoma cells by the physical mechanisms. This modality of cell
death is characterized by the leaking of bulk water from distinct points on the cellular membrane with
the subsequent shrinkage of the cytoplasm. In this talk, we will describe these new observations and
potential mechanisms.
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The plasma produced long-lived RONS as allies in biomedicine and
food storage.

E. Sardella
stituto di Nanotecnologia, CNR-NANOTEC, c/o Dipartimento di Chimica, Universita di Bari, Via
Orabona 4, Bari, Italy

Abstract:

Nowadays, cold atmospheric plamas (CAP) are
widely used in the field of biomedicine and food
processing for their ability to promote, at room
temperature, a selective effect against pathogens,
without altering the functionality of healthy cells
or food quality [1,2]. Currently, CAP have wide
applications both when directly or indirectly ap-
plied [3]. The indirect approach consists of deliv-
ering exogenous reactive oxygen and nitrogen
species (RONS) to cells/tissues or food through
plasma treated liquids, hydrogels or gases [4]. In
recent years it has been assessed that RONS pro-
duced by plasma are the main responsible of the
observed effects. Often, by comparing the two
approaches (i.e. direct vs indirect), due to the
similarity of the observed results, it has been sup-
posed with a good approximation that long-lived
RONS more than short-lived ones are involved in
the observed results [5] demonstrating that indi-
rect approaches are valid alternatives to direct
ones. In general, to assess the effective role of
stable RONS against pathogens and malignant
cells, are required: 1) valid methods for the anal-
ysis of RONS in complex media; 2) careful eval-
uations of the right correlation between observed
phenomena and chemical composition of the lig-
uid (gas) treated by plasma. In this research, cur-
rent advances and outlooks on diagnostic anal-
yses of RONS is proposed. The effects of Plasma
Treated Water Solutions (PTWS) against cancer
cells and of Plasma Treated Gases (PTG) against
food pathogens contained in the artisanal daily
products like ricotta cheese will be described.

In case of exposure of eukaryotic cells to PTWS
it has been demonstrated that nitrite anions (NOy
) instead, present in the PTWS, were found to im-
prove the selective death of cancer cells (i.e.
Saos2) compared to hybrid endothelial cells (i.e.
EA hy926) by decreasing the cytotoxic threshold
of H20O; to non-toxic values for the endothelial
cell line [6]. It is well established in fact that can-
cer cells can fuse with endothelial cells to form
hybrid cells spontaneously, which facilitates can-
cer cells traversing the endothelial barrier to form
metastase. It was also demonstrated that the pres-

ence of not negligible amount of aromatic bio-
molecules in PTWS could exacerbate the effects
promoted by plasma produced RONS.

The observed results highlight an active role of
long-lived reactive nitrogen species (i.e. NO,
NO>", NOs’) respect to oxygen ones (i.e. H,O»).
On the other hand there is a growing body of lit-
erature that recognizes the importance of ROS
for inactivation of microrganisms. However,
very little attention has been paid to the role of
RNS in bacterial deactivation. In our research it
has been demonstrated that the use of PTG
blowned on ricotta cheese is effective to control
proliferation of pseudomonas spp., enterobacteri-
acee and yeasts [7]. The PTG was obtained by
mixing nitrogen with 10% of pure oxygen in or-
der to maximize the content of RNS in the PTG.
The sensory quality of the food was preserved af-
ter treatment, with a shelf-life prologation be-
tween 50% and 100% depending to the type of
treatment and initial microbial contamination.
These results show one of the first example of
“gentle” and efficacious treatment of fresh per-
ishable products by PTG without loss of nutrients
and organoleptic quality of food.

Keywords: Cold Atmospheric Plasmas (CAP),
plasma treated water solutions (PTWS), plasma
treated gas (PTG), plasma medicine, plasma pro-
cessing of food.
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With Plasma from Medicine to Hydrogen

K.D. Weltmann
T.v. Woedtke, J.F. Kolb, R. Brandenburg, T. Gerling, S. Bekeschus, R. Bansemer, V. Hahn, J.
Ehlbeck,
H. Brust, K. Zocher, V. Briiser, A. Kruth, R. Clemen
Leibniz Institute for Plasma Science and Technology, Greifswald Germany
Email: weltmann@jinp-greifswald.de

Abstract
The lecture will focus on Cold Atmospheric Plasma Technology (CAP) as cross sectional technology
and will give an overview of the multitude of possible applications beyond the known classic technical
areas. CAP is a multifunctional tool which has made its way into ever-new areas of application and
which can make a major contribution to solving society's challenges. Plasma technology offers direct
and indirect solutions for current tasks in a wide variety of fields ranging from medicine, life science,
agriculture, food production up to the generation of green energy.
The lecture will discuss the following areas:

e Tailor-made plasma sources as the basis for all applications
Medicine: wound healing; oncology; tissue disinfection; implant surfaces
Hygiene: plasma effectivity against microorganisms; treatment of air, water and surfaces
Potential of CAP to face challenges in agriculture and food industry
Disintegration of biomass for material and energetically exploitation
CAP for green energy

The presentation is based on INP's research and development in an international context.
p p
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Plasma-Induced Graft Polymerization of Polyethylenimine onto Poly-
caprolactone Composite Membrane for Heavy Metal Pollutants Treat-
ment in Industrial Wastewater

Sung-Lin Tu, Jason H.C. Yang"
Department of Fiber and Composite Materials, Feng Chia University, Taichung, Taiwan

Abstract:

As Taiwan taking the leading position in the
global chip-manufacturing industry!”, it also
bears the burden of seeking treatments for heavy
metal pollutants existing in wastewater. Conven-
tionally, electroagulation'®, chemical precipita-
tion**, physical filtration'™), and adsorption!® are
adopted with the possibilities of generating se-
ceondary pollutants. The present study manifests
an innovative and green approach to graft metal
ion adsorbent, polyethylenimine (PEI), onto elec-
trospun polycaprolactone (PCL) composite
membrane via atmospheric pressure nitrogen
plasma grafting polymerization. FTIR absorption
speak at ~1690 cm™ is attributed to the amide
group from PEI Since the plasma exposure time
is a dependent factor of -NH bond formation, an
increased nitrogen content up to 3.3% is observed
with extensive reaction time under plasma treat-
ment. In addition, N1s spectra show a distinctive
PEI dominating characteristic at 401.7eV, which
suggest a successful grafting of PEI on the PCL
membrane. According to the EDX analysis, sig-
nificant amount of copper ions has been detected
in PCL-PEI as compared to PCL membranes.
This study has shown that a greener waste water
treatment can be realized with the developed syn-
thesis technology.

Keywords: atmospheric pressure plasma, elec-
trospinning, polyethylenimine (PEI), adsorption.

Figure 1: Schematic of plasma-induced grafting
of polyethylenimine onto polycaprolactone
membrane demonstrates metal-ion adsorption
capability.
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Application of continuous flow plasma brushes for inactivation of an-
tibiotics from communal and industrial wastewaters

W. Babinska', A. Motyka-Pomagruk', D. Terefinko?, M. Caban®, P. Jamroz?, P. Pohl?, E. Lojkowskal,
W. SledZ?, A. Dzimitrowicz?
'Intercollegaite Faculty of Biotechnology University of Gdansk and Medical University of Gdansk,
University of Gdansk, Gdansk, Poland
? Faculty of Chemistry, Wroclaw University of Science and Technology, Wroclaw, Poland
3Faculty of Chemistry, University of Gdansk, Gdansk, Poland

Abstract:

Currently, it is important that urban and industrial
wastewaters contribute as huge reservoirs of an-
tibiotic resistance to the persistance of difficult to
combat bacterial pathogens. In the timeframe of
2014 and 2016, approximately one million peo-
ple died due to infections caused by antibiotic re-
sistant bacteria through inefficient medication, or
lack of any available treatment (Alexander et al.,
2020). Thus, implementation of advanced
wastewater cleaning processes that are capable of
decomposing biologically active drugs, into the
conventionally applied wastewater treatments is
an important step to protect the aquatic environ-
ment from dispersal of multidrug resistance re-
sistance detarminants among free-living and
pathogenic microbes.

A remedy to these problems might be applicaiton
of cold atmospheric pressure plasma (CAPP)-
based technology. To reach this aim, we have
constcuted two, continuous flow, plasma
brushes, dedicated to degradate antibiotics such
as: ciprofloxacin, ofloxacin, enrofloxacin,
doxycycline, chloramphenicol, and trimetoprim,
as well as the mixture of these antibiotics. In the
developed by us plasma brushes, either pulse-
modulated radio-frequency atmospheric pressure
glow discharge (pm-rf~APGD) or dielectric bar-
rier discharge (DBD) was applied as a plasma
course, allowing to ignite the CAPP in the form
of several plasma cones.

To check whether these deviced might be used in
the wastewater purification process, the several
analyses such as determination of total organic
carbon (TOC), total nitrogen (TN) concentration
in addition to High-Performance Liquid Chroma-
tography-Diode Array Detection (HPLC-DAD),
were used for determining the antibiotics re-
moval from liquid disposals. Additionally, to in-
vestigate whether plasma brush might be applied
for limitation of antibiotic resistance in the envi-
ronment, the disc-diffusion assays of comparing
antibacterial properties of untreated and pm-rf-
APGD- or DBD-treated antibiotics solutions to-
wards 7 bacterial strains were performed.

The conducted research showed that the treat-
ment of the selected antibiotics solutions with
cold atmospheric plasma of the pm-rf~APGD- or
DBD-type changed the values of TOC and TN,
which indicated decomposition of a stated antibi-
otic. Next, by using HPLC-DAD, we confirmed
that application of pm-rf-APGD plasma brush led
to a 91.4% efficiency of removal for trimpeto-
prim up to 100% for doxycycline. Quite lower
efficiencies of removal were observed where
DBD plasma brush was used for anitiboitcs puri-
fication from liquid disposals. In this case, the re-
moval efficiency was found to be 49.8% for chlo-
ramphenicol and 65.7% for doxycycline, but an-
alyzed from the solution, being a mixture of anti-
biotics. Additionally, it was found that the anti-
bacterial properties of the aqueous solutions of
antibiotics from fluoroquinolones group treated
by pm-rf-APGD plasma brush, dropped achiev-
ing up to 100% reduction for the solution of of-
loxacin or ciprofloxacin towards Staphylococcus
hemoliticus and minimum 36.3% of ciprofloxa-
cin towards Salmonella typhimurium. In the case
of application of DBD plasma brush the maxi-
mum reduction of 100% against Serratia mar-
cescens and minimum 38.2% towards Esche-
richia coli for mixture of 4 antibiotics were de-
termined.

In the view of application of CAPP-based con-
tinous flow plasma brushes in the wastewater pu-
rification, we truly believe that this method will
be competetive to advanced oxidation process
(AOP) including Fenton’s reactions.

Keywords: antibiotic resistance, human patho-
genic bacteria, plasma brush, cold atmospheric
pressure plasma
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The Physical Effects of Plasma Medicine on Cells: Radio Frequency
Stimulated Intercellular and Innercellular Mechanical Waves

L. Lin!, X. Yao!, D. Yan', M. Keidar'
! Department of Mechanical and Aerospace Engineering, School of Engineering and Applied Science,
The George Washington University, Washington DC, USA

Abstract:

Plasma medicine, such as cancer therapies and
wound treatments, is currently one of the top ap-
plications of cold atmospheric plasmas (CAP). In
the last decade of research works, reactive oxy-
gen and nitrogen species (RONS) are believed to
be the major role of these applications. This thus
raises the indirect treatments that use the plasma-
treated solutions or drugs rather than treat the tar-
geting cells or tissues directly with CAP. How-
ever, the difference between direct and indirect
treatments cannot be ignored. Two explanations
have been reported: 1) the CAP treated solution
may not include some short lifetime species; 2)
the indirect treatment does not include the elec-
tromagnetic (EM) radiation from CAP. The latter
is thus named as the physical effects of plasma
medicine. Due to the surface charge on the cell
membrane, the membrane oscillation under the
external electric field has been reported. In this
work, we developed a Michelson laser interfer-
ometer system coupled with a high-speed ICCD
camera and a radio frequency (RF) emission sys-
tem to capture the cell membrane and the propa-
gation of the resulting mechanical waves. The
system can observe such an oscillation in 3D and
real-time. As shown in Figure la, two cells are
captured as an example, and by averaging the
temporally resolved height over the cell region,
we observed the cell thickness oscillations are in-
phase with the external RF electric field. In the
further analysis, we will discuss the propagation
of such an oscillation, mainly a transverse wave
along the cell membrane from the center to its
pseudopodia, and the wave in the extracellular
medium. The corresponding cancer cell viability
and sensitization to cancer medicines are also an-
alyzed. The physical effects of species transpor-
tations on the cell membrane are thus suggested.

Keywords: plasma medicine, cell membrane,
cell imaging, ion channel, apoptosis, sensitiza-
tion.
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Figure 1: A real-time 3D cell imaging. a, Two
cells are shown as an example. b, The average
cell height variation over time, which are in-
phase with the external electric field, known as
the vertical membrane oscillation.
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Antibacterial, biodegradable nanohybrids for therapy of chronic
wounds.

A. Manakhov ", E. Permyakova', A. Solovieva '
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kova st., 630060 Novosibirsk, Russian Federation

Abstract:

The therapy of chronic wounds is difficult
since this pathology is characterized by mul-
tifactorial homeostatic disorders at the sys-
temic and local levels. Therefore, therapeu-
tic approaches to the treatment of diabetic
foot syndrome should combine several fac-
tors: support and stimulation of the synthe-
sis of natural extracellular matrix and its
protection from destruction by metallopro-
teinases, stimulation of angiogenesis and
migration of specialized cell types to the
damaged area. Combining these factors can
be achieved by using polymeric biocompat-
ible matrices as wound dressings, which can
be functionalized by biomolecules and pro-
mote cell adhesion, stimulating their migra-
tion, proliferation, and differentiation.
Plasma, enriched with platelet lysate (PRP),
is a natural autologous balanced ensemble
of growth factors, extracellular matrix com-
ponents, and proteoglycans. PRP promotes
proliferation, migration of stem cells, at-
tracting macrophages to the damaged area,
regulates the cytokine background of the
wound, limiting inflammation and promot-
ing the growth of new capillaries [1]. It is
actively used in various medical fields, in-
cluding treating chronic non-healing ulcers
in type 2 diabetes. However, the results of
the use of PRP for the treatment of chronic
wounds show different efficacy. Perhaps the
low efficiency of this therapy in some pa-
tients is associated with an imbalance in the
natural ensemble of active PRP factors. In
addition, it is necessary to maintain optimal
moisture and wound sanitation since most of
them are characterized by hyperexudation
and the presence of bacterial biofilms. De-
spite the long-term active search for highly
effective materials for this purpose, the
problem has not yet been solved. This work
is devoted to developing and studying modi-
fied polycaprolactone nanofibers using

plasma polymerization to immobilize the
compositional composition of PRP therapy
for complex healing wounds in type 2 dia-
betes mellitus with the additional use of a
superabsorbent layer to optimize wound
moisture.

It is known that toxic compounds, malonic
anhydride, peroxynitrites, and oxidized li-
pids accumulate in the blood in type 2 dia-
betes. On the other hand, the natural cock-
tail contains numerous cytokines, extracel-
lular matrix proteins, and growth factors
necessary for successful regeneration. The
listed compounds are of a protein nature, i.e.
contain amide groups that can be attached to
the COOH groups of the nanofiber surface.
In turn, toxic compounds are aldehydes, and
nitrites do not bind to them.

Our results showed that the combination of
antibacterial superabsorbent polymer with a
plasma modified PCL nanofibers with graft-
ed PRP allows to speed up the closure of the
wounds significantly, as the in vivo results
have revealed. The developed material has
vast potentials for biomedical applications.
Acknowledgments: Authors gratefully
acknowledge the financial support of the Rus-

sian Science Foundation (grant No. 18-75-
10057)
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Soft tribology, biotribology and viscoelastic lubrication: interpreta-

tion and application
J.R. Stokes, Y. Xu
School of Chemical Engineering, The University of Queensland, Brisbane, Australia

Abstract:

Soft contact tribology is emerging as a useful tool
in biotribology for the design of foods and bever-
ages due to its relevance to oral processing and
oral sensory perception', as well as for biomedi-
cal applications®. Soft tribology differs from tra-
ditional studies in elastohydrodynamic lubrica-
tion due to the highly deformable and viscoelas-
tic nature of the surfaces involved. We highlight
our recent finding that the combination of normal
and lateral forces results in an asymmetric defor-
mation that is not considered in the Hertzian con-
tact model that is traditionally used to predict
normal deformation and to construct the scaling
parameter in Stribeck-Hersey analysis®. We be-
lieve this asymmetric deformation promotes en-
trainment of lubricant into the contact under low-
speed conditions where lubricant is traditionally
considered to be excluded from the contact. We
discuss how this new model explains many
anomalous results in soft-tribology and how it is
assisting progress towards development of a uni-
versal scaling model akin to the Stribeck curve.
In addition, we aim to highlight how our funda-
mental investigations into viscoelastic lubrica-
tion improve interpretation of measured tribolog-
ical responses of gels that are commonly studied
for biomedical applications*, and soft lubrication
studies involving many complex and multiphase
fluids including emulsions and particle suspen-
sions’. We also highlight progress in utilisation
of soft tribology in predicting sensory perception
of foods and beverages'.

Keywords: soft tribology, oral tribology, contact
mechanics, rheology, soft matter, colloids, oral
processing, sensory.
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Figure 1: A schematic on the load and defor-
mation effect of soft contact lubrication in the
boundary-mixed regime.
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Modeling of surface morphology kinetics and nanostructures for-
mation during binray thin film deposition

A. Galdikas, G. Kairaitis

Physics Department, Kaunas University of Technoogy, Kaunas, Lithuania

Abstract:

Influences of various kinetic factors such as sub-
strate temperature, incoming ion flux on binary
thin film phase structure, roughness and growth
memchanisms were investigated by using a pro-
posed mathematical model. The mathematical
model includes the processes of adsorption,
phase separation and diffusion due to surface cur-
vature of a growing film. The process of phase
separation is mathematically described by using
the Cahn-Hilliard equation. The series of numer-
ical experiments were performed to determine
the impacts of substrate temperature, incoming
ion flux to phase structure and surface roughness
of binary thin films. To express the influence of
substrate temperature on diffusion processes,
temperature dependent diffusion coeffcients,
which are present in the mathematical descrip-
tions of phase separation process and diffusion
due to surface curvature of a growing film, were
used in calculations. To include the impact of
substrate temperature on adsorption process in
the model, the dependencies of sticking coeffi-
cient on substrate temperature were adopted. The
effect of incoming ion flux on diffusion pro-
cesses was also included in the model. Observed
relationships between surface roughness and sub-
strate temperature at different growth rates are
given in Figure 1. Relationships between average
grain size and substrate temperature were noticed
and discussed. The modeling results demon-
strated that the increase in the substrate tempera-
ture resulted in the mostly monotonic increase in
the surface roughness of thin films. The similar
mostly motononic relationships were reported
between the size of nanoparticles formed and the
substrate temperature. Moreover, the linear and
nonlinear relationships (depending on growth
rate) between surface roughness and average size
of nanoparticles were also discovered, so the in-
crease in the surface roughness caused by an in-
crease in substrate temperature was considered to
be influenced by the increase of nanoparticle
size. The formation of columns and layers can oc-
cur if other processes such as diffusion and seg-
regation take place. In this paper the main atten-
tion is paid on the formation of multilayered

structures during binary components co-deposi-
tion, which is experimentally observed but the
mechanism of formation is not well understood.
Very important processes are surface segregation
and the depth dependent diffusion taking place
during binary films deposition process which are
responsible for various nanostuctures formation.

Keywords: aluminum co-doped scandium stabi-
lized zirconia; phase separation; kinetic model-
ing; thin films; surface roughness; compounds.
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Figure 1: Plots of surface roughness versus sub-
strate temperature obtained by using different
growth rates.
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Development of functional coatings with anti-abrasion and anti-icing
properties

J. P. Sousa, Y. Kolen’ko
International Iberian Nanotechnology Laboratory, Braga, Portugal

Abstract:

Polymer coatings have been explored as possibil-
ities for protective applications, in order to in-
crease the abrasion resistance of different sub-
strates. There are two main ways to improve the
abrasion resistance of coatings: one is to optimize
the polymer lacquer components, and the other is
to reinforce the coatings by embedding fillers
into them. Nanomaterials represent a promising
groups of fillers, these materials have been
shown to improve the mechanical properties even
at low loadings and, due to their small particle
size, they do not affect the transparency of clear-
coats. Different hard particles have been used in
formulations to impart greater abrasion strength.
These included zirconia particles, which can im-
proved scratch and abrasion resistance of the ob-
tained coatings. Zirconia materials (ZrO-) has nu-
merous unique properties, such as good mechan-
ical strength, excellent resistance against crack
propagation, and good thermal resistance. Based
on these properties, in this work ZrO, materials
were incorporated in a polymeric solution in or-
der to improve the mechanical properties such as
hardness and abrasion resistance of glass sub-
strates. The obtained coating present high trans-
mittance values in infrared region.This work al-
lowed the fabrication of antireflective coatings
through the sol-gel route.

Generally, a surface can absorb water and wet
snow which is able to condense into ice below
0 °C, and then icing occurs on the surfaces. If
water and wet snow can be repelled immediately,
instead of sticking on the surface, the formation
of frost or ice and accumulation of snow or slush
are able to be avoided. Micro- and nanoscale hi-
erarchical structures have proven to be vital in
generating the superhydrophobic property of a
coating surface. In this way, different
nanostructured surfaces of metal oxides such as
zinc oxide (ZnO), titania, silica and copper oxide
have been extensively studied. These nanoparti-
cles create a nano scaled rough surface, which re-
duce the contact area between water and the solid
surface. Among these materials, ZnO may be
considered as an outstanding candidate of
superhydrophobic coating because of its
excellent ~mechanical durability, thermal
stability, environmentally friendly perspectives

and low cost. A combination of both low surface
energy and hierarchical rough structure need to
achieve the ZnO superhydrophobic surfaces. The
hierarchical structure of micro/nanoscale rough-
ness of the needle-like ZnO nanomaterials de-
creases the wetted surface fraction and the triple
contact line at the solid—liquid interface. Under
this condition, water droplets are suspended by
the air pockets trapped in the pits/cavities be-
tween needle-like ZnO and cannot penetrate the
substrate surface. Thus, in this work it was fabri-
cated a superhydrophobic micro/nano hierar-
chical zinc oxide surface on glass substrate. The
polymeric solutions chosen to be use in this work
were acrylates and polyurethanes. These poly-
meric solutions have excellent properties such as,
excellent optical quality, impact resistance, crack
propagation resistance, and solvent resistance.

Keywords: anti-abrasion, antireflective coatings,
anti-icing, zirconia, micro/nano hierarchical
structures
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Functional nanomaterial-based coatings for automotive industry

C. Ponte, J. P. Sousa
International Iberian Nanotechnology Laboratory, Braga, Portugal

Abstract:

One of the greatest challenges that automotive in-
dustry have been facing is the decrease of dura-
bility of car paints, induced by their extended ex-
posure to ultraviolet (UV) radiation." Nowadays,
car paints already present UV protective com-
pounds in their formulations, mainly inorganic
UV-absorbing systems, such as titanium dioxide
(TiO,), zinc oxide (ZnO) and cerium oxide
(Ce0,).? However, these materials struggle to ad-
dress the current needs of this industry, due to
their short UV absorption range and poor photo-
stability, resulting on the deterioration of the pol-
ymeric matrices, and consequently leading to
paint’s discoloration, loss of adhesion and flexi-
bility.* Henceforth, the development of novel and
photostable UV-absorbers is of utmost im-
portance towards a more efficient and sustainable
painting process.

Over the past years, quantum dots (QDs) based-
materials have been raising great interest, owing
to their distinct features, such as excellent UV ab-
sorption and high transparency in the visible light
range. Amongst several QDs reported, carbon
QDs are currently gathering tremendous atten-
tion in reaserch due to their low toxicity, environ-
mental sustainability, low-cost and simple syn-
thetic routes, ease bandgap tunability through
surface functionalization and/or metal doping,
and high compatibility with different polymeric
matrices.*

Keeping this in mind, within the scope of this
work we prepared carbon QDs and modulate
their optical properties with different functional
groups and/or doping with distinct metal ele-
ments. Thereafter, we incorporated the carbon
QDs with the most promosing optical properties
in commercially available automotive paints as
well as in new polymeric formulations. Finally,
we evaluated the capacity of each prepared coat-
ing to absorb UV radiation by UV-Vis-NIR
sprectoscopy and their resistance to UV irradtion
under prolonged exposure.

Keywords: Automotive industry, Carbon quan-
tum dots, UV absorption, automotive coatings.
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Figure 1: Representative scheme of the three
main goals of this work.
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Synthesis and characterization of GaN/ReS2, ZnS/ReS:2 and ZnO/ReS>
core/shell nanowire heterostructures

Edgars Butanovs', Alexei Kuzmin', Sergei Piskunov', Krisjanis Smits', Aleksandr Kalinko?, Boris
Polyakov'*

!Institute of Solid State Physics, University of Latvia, Kengaraga Street 8, Riga LV-1063, Latvia
2 Department Chemie, Naturwissenschaftliche Fakultét, Universitdt Paderborn, Warburger Strasse 100,
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Abstract:

Layered 2D van der Waals (vdW) materials such
as graphene and transition metal dichalcogenides
have recently gained a great deal of scientific at-
tention due to their unique properties and pro-
spective applications in various fields such as
electronics and optoelectronics, sensors and en-
ergy. As a direct bandgap semiconductor in both
bulk and monolayer forms, ReS; stands out for its
unique distorted octahedral structure that results
in distinctive anisotropic physical properties;
however, only a few scalable synthesis methods
for few-layer ReS, have been proposed thus far.
Here, the growth of high-quality few-layer ReS;
is demonstrated via sulfurization of a predepos-
ited rhenium oxide coating on different semicon-
ductor material nanowires (GaN, ZnS, ZnO). As-
produced core-shell heterostructures were char-
acterized by X-ray diffraction, scanning and
transmission electron microscopy, micro-Raman
spectroscopy and X-ray absorption spectroscopy.
Experimental characterizations were supported
by total energy calculations of the electronic
structure of ReS, nanosheets and GaN, ZnS, and
ZnO substrates. Our results demonstrate the po-
tential of using nanowires as a template for the
growth of layered vdW materials to create novel
core-shell heterostructures for energy applica-
tions involving photocatalytic and electrocata-
lytic hydrogen evolution.

Keywords: composite nanomaterials, hetero-
structures, core-shell nanowires, layred 2D mate-
rials, transition metal dichalcogenides, X-ray dif-
fraction, electron microscopy, micro-Raman and
X-ray absorption spectroscopy.

Core-shell nanowires

Figure 1: Figure illustrating schematic represen-
tation of the core-shell GaN/ReS2, ZnS/ReS2
and ZnO/ReS2 core/shell nanowire hetero-struc-
tures.
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Surface chemical and physical modification of PAM film induced by
ion-beam irradiation for liquid crystal alignment

D. W. Lee!, J. H. Won', D. H. Kim', J. Y. Oh!, D.-S. Seo'"
"IT Nano Electronic Device Laboratory, Department of Electrical and Electronic Engineering, Yonsei
University, Seoul, Republic of Korea

Abstract:

The characteristics of ion beam (IB) irradiated
polyarylamide (PAM) films were analyzed to de-
termine their potential use as a liquid crystal (LC)
alignment layer. The transmittance of the PAM
films at various IB irradiation conditions was
measured to verify the possibility of using it as
an LC system. Anti-parallel LC cells with the IB-
treated PAM films were fabricated to examine
the LC alignment characteristics. Polarized mi-
croscopy and pre-tilt angle analyses confirmed
uniform and homogeneous LC alignment. X-ray
photoelectron spectroscopy (XPS) and atomic
force microscopy (AFM) analyses were con-
ducted to determine the effect of the IB irradia-
tion on the film. After exposure to an IB irradia-
tion, remarkable chemical composition modifica-
tion of the PAM film, including the reduction of
C=0 bonds and the increasing of C-O bonds that
affected the uniform LC alignment, was observed
via the XPS analysis as presented in Figure 1.
Furthermore, the AFM analysis revealed that low
roughness value was obtained after IB irradiation
as presented in Figure 2. Line profiles of PAM
films before and after IB irradiation was also in-
vestigated in Figure 3. Twisted-nematic LC cell
based on IB-treated PAM films show enhanced
electro-optical performances. Therefore, we are
convinced that the polymer films treated by 1B
irradiation show potential as alternative align-
ment layer in LC applications.

Keywords: polyarylamide, ion-beam irradiation,
liquid crystal alignment, pre-tilt angle, electro-
optical characteristic, atomic force microscopy,
x-ray photoelectron spectroscopy.
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Figure 1: X-ray photoelectron spectroscopy re-
sults of the polyacrylamide films before and after
ion-beam irradiation.
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Figure 2: Atomic force microscopy images of
the polyacrylamide films according to ion-beam
irradiation time (35,70, and 140 sec).
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Figure 3: Line profiles of polyacrylamide films
before and after ion-beam treatment.
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Self-improving of Protective Thin Films Based on
Perhydropolysilazane

Elizaveta Shmagina *, Matti Danilson, Valdek Mikli, Sergei Bereznev
Department of Materials and Environmental Technology, Tallinn University of Technology, Tallinn,
Estonia

Abstract:

Silicon dioxide thin films are a promising alter-
native to protective glass in solar cells. In this
work, we investigate the effect of different curing
conditions on the degree of perhydropolysilazane
(PHPS) film conversion to SiO,, which can be
used as a matrix for a nanocomposite thin film
protective coating. For that one-layer and four-
layer thin films were spin-coated from 20%
PHPS solution in dibutyl ether (durXtreme
GmbH) onto the soda lime glass / Mo substrates,
dried onto hotplate and cured by exposure to
moderate temperatures (180°C, 60 min) or UV
light (40 min, 185nm+254nm wavelengths).
Four-layer structures were obtained by cyclic re-
peating of the spin-coating / drying / curing
stages.

A number of research groups reported that ther-
mal curing of PHPS produces a film that is com-
pletely converted to SiO,, while UV curing gives
only partial conversion [1]. However, UV curing
is currently looks like the most promising method
for converting PHPS due to its shorter duration
and insignificant heating during curing compared
to the thermal method [2].

The results of X-ray photoelectron spectroscopy
and high resolution-scanning electron micros-
copy with energy dispersive X-ray analysis stud-
ies of our samples showed the formation of the
films with composition close to (i) SiO for ther-
mal curing method and (ii) films close to SiO, for
UV curing tecnique. However, the conversion of
the UV cured film is not uniform in cross-section,
which is especially noticeable for four-layer sam-
ples i.e. the process of complete conversion of
obtained layers to SiO; is not finished.

To study the hypothesis of non-complete curing,
the ATR-FTIR spectroscopy was used after lay-
ers curing, as well as after cured layers aging in
desiccator at room temperature for two months
(Fig.1). The increase of the intensity of the peaks
corresponding to Si-O bonds in comparison with
other bonds in the spectra for aged samples vs.
as-cured samples shows practically complete
films conversion to SiO,. Thus, it was found that
additional “aging” of prepared structures im-
proves significantly compositional uniformity of
all obtained layers to SiO,. This implies the need

for further optimization of the curing processes
of PHPS thin films to achieve high uniformity of
the resulting SiO,.

Keywords: polysilazane, PHPS, thin films, ther-
mal curing, UV curing, protective coating
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Figure 1: ATR-FTIR spectra of the (a) thermal
cured film and (b) UV cured film.
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Fabrication Multilayer Nanocoating for Marine Applications

M. Caruso', A.Corozzi', F.Veronesi!, M. Raimondo', V. Piazza?, F. Garaventa?, F. Castelli’
" CNR-ISTEC Institute of Science and Technology for Ceramic, Faenza, Italy
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Genoa, Italy

Abstract:

Marine bio-fouling consists in undesirable set-
tlement and accumulation of marine microor-
ganism, plants and animals on submerged sur-
face of materials and it has huge adverse influ-
ence on infrastructures. Marine bio-fouling in-
creases the weight and roughness of ship hulls
which raises the frictional resistance and causes
additional fuel consumption [1]. The microor-
ganisms contained in the sea water in contact
with the surface of the hull adhere causing the
growth of biofilm. Superhydrophobic surfaces
have been investigated as a potential solution to
avoid this phenomenon. We present the design
of anti-wetting hybrid coating for antifouling
environments (Figure 1a,b) that comprise an in-
organic, porous layer based on functionalized
ceramic nanoparticles (Al,Os, SiOs, SiO»-F) ob-
tained via sol-gel, and an organic layer consist-
ing of fluoralkylsilane molecules. Moreover,
liquid-infused coatings were fabricated by infu-
sion of fluorinated oil PFPE in the porous hy-
brid coating[2]. These coatings were deposited
on materials like steel, aluminum and fiberglass.
The reduction of the accretion of fouling was
investigated by larval settlement test (4. Am-
phrite, a hard fouler[3]). In addition, release
tests were carried out to evaluate the toxicity of
the coating for the marine environment in ac-
cordance with the ASTM 6442 standard[4].

Keywords: hydrophobic coating/surface, ce-
ramic nanoparticles, antifouling surface, bio-
inspired coating for antifouling application
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Figure 1: Figure illustrating the scheme of a)
Si0,-F nanoparticles coating infused in Kritox
and the morphology of SiO.-F nanoparticles
coating. 1b) Scheme of AlOs; nanostructured
coating with fluoroalkysilaneand infused
Krytox and the morphology flower-like struc-
ture of Al,Os coating.

Figure 2: % of settlement of Amphrite larvae
on different surfaces.
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Steam-corrosion resistance of polycrystalline Ag thin optical coatings
improving by grain-boundary segregation effect

G. Marchii!, D. Samsonov', I. Tereschenko'?, A. Gubal®!, E. Mukhin'
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Abstract:

High and wideband reflectivity makes thin film
Ag-based reflective coatings widespread in opti-
cal instruments engineering. Some challenging
applications claim corrosion resistance, includ-
ing that in high temperatures. Typical reason for
silver corrosion is access of Cl, O and S ions from
water solute or humid environment. Elevated
temperature boosts this process.

Various protective coatings are designed to im-
prove Ag optical coating corrosion resistance.
They typically comprise one or more dielectric
barrier layers used sometime in combination with
an ultrathin (<1nm) layer, which keeps the barrier
layers better adhered to the silver'. Despite sev-
eral authors showed a crucial role this layer plays
in coating durability, simultaneous action of
steam corrosion and thermal effects currently is
not investigated.

Having compared corrosion features in samples
with adhesion layers of CrNx and NiCrNy, Fol-
gner et al showed that presence of Ni in the ad-
hesion layer determines the character of corro-
sion 2. In the first sample, it takes place on Ag-
CrNy interface, accompanied with significant de-
pletion of silver layer. Corrosion features on the
second sample demonstrate the opposite behav-
ior: reactions occur mainly at the bottom of the
silver layer affecting silver depletion.

The nature of this corrosion effect, as well as in-
fluence of the adhesion layer, remain unknown.
Intergranular corrosion is suspected to make a
large contribution to observed effects, since cor-
rosion of long grain boundaries (GB) is faster
than within bulk. Controlling the properties of
polycrystalline thin films by direct modification
of GB properties, is actively developed now.
There are plenty of examples, showing the effect
of GB segregation in immiscible alloys (solid so-
lutes) improves thermal stability of nanomateri-
als by suppressing recrystallisation, GB migra-
tion and GB growth®. The effect of GB segrega-
tion on intergranular corrosion resistance, con-
sidered almost the only way for controlling film
properties without drastic decrease in optical per-
formance.

Ni was selected as a candidate element for GB
segregation investigations, due to its known role
in silver corrosion resistance improvement. Both
experimental*® and numerical® studies show, that
Ni tends to segregate in silver. Pan and Sansoz
report this effect can be used to improve silver
srain resistance’.

The segregation influence on Ag coating corro-
sion resistance was studied by density functional
theory method. Different GB configurations were
investigated for Ni segregation in Ag by molecu-
lar dynamics with semi-empirical potential, sug-
gested by Pan et al®. The Ni GB segregation
used for improving thermal stability of thin Ag
films was studied as well. Impact of Ni presence
on optical properties was also investigated.

An experimental technique being developed for
quantitative segregation assessment was based
on measuring the film electrical properties. This
approach could become a promising non-destruc-
tive method for quality control of corrosion-re-
sistant highly reflective coatings.

Keywords: Ag-based mirrors, reflective coat-
ings, segregation, corrosion, nanomaterials
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The Effect of Carbon Nanotubes on the Corrosion Resistance of Wa-
terborne Polyurethane-Acrylate Coatings

J. T. Corredor ", L.F. Giraldo"",
"Institute of Chemistry, Antioquia University, Medellin, Colombia

Abstract:

Nowadays  Hybrid  waterborne  polyure-
thane/acrylate (WPUA) dispersions are an im-
portant alternative as organic coating due to low
volatile organic compounds, and excellent adhe-
sion to metal. However, WPUA coating have
poor water and weather resistance and their bar-
rier properties must be improved so that one can
be used as effective coatings against the corro-
sion degradation of steel structures. In recent
years, it has been verified that the introduction of
nanostructures as reinforcing agent is an effective
way to improve the long-term corrosion
protection. Carbon nanotubes (CNTs) are
considered to be an attractive filler for polymer
composites because of their high density, high
thermal stability and high aspect ratio. We report
the effect of the single wall and the multi wall
CNTs content on the corrosion resistance of the
WPUA coating in 3,5% NaCl at the room tem-
perature, using electrochemical impedance spec-
troscopy (EIS). The waterborne polyurethane-acry-
late dispersions ultrasonically mixed with
MWCNTs and SWCNT at different contents of
0, 0.1 and 0.5 wt% were applied on low carbon
steel substrates. The composites WPUA coatings
with a thickness of about 12-15 pm were prepared
on the steel substrates with a drawdown rod. Af-
ter 15 days of immersion in 3.5 wt% NacCl, the
coating resistance of the WPUA coating was
1.6x10° Q cm?, whereas those of the composite
coatings containing 0.1 SWCNTs and 0.1 wt%
MWCNTs were 2.0x 10° and 2.2x 10* Q cm?, re-
spectively. Corrosion resistance decreased when
CNT increase to 0.5 wt%.

Keywords: MWCNTs, SWCNT, waterborne
polyurethane-acrylate, composite coatings, anti-
corrosion coatings, EIS.
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Figure 1: Bode phase plot of the WPUA and
SWCNT/WPUA coatings with different immer-
sion durations: (left panel) the pure WPU coating
(right panel) MWCNT/WPUA coating.

0.1% MWCNT-WPUA exhibited the higher
phase angle during 30 days of immersion as
shown in Fig. 1. this prove its corrosion re-
sistance during the whole immersion process.
The results demonstrated the positive effect of
the incorporation of low MWCNTs content on
the anticorrosive ability of the coatings.
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Abstract:

The study presents the pull-off strength test
results of polyurethane coatings with powder
fillers. Polymer coatings with 20 % wt. powder
fillers were applied to the substrates of three
laminates reinforced with aramid, carbon or
glass fabrics. The influence of adhesion of poly-
urethane coatings with was also investigated
depending on the method of preparing the lami-
nate surface. The layers were applied to three
different surfaces of the laminates: immediately
after the process of their production (infusion),
after degreasing in acetone and after abrasive
blasting. Before applying the coatings on com-
posite substrates, their roughness was measured
and the roughness parameters Ra and Rz were
determined. Adhesion and cohesion detachment
mechanisms were observed during the tests. The
method of preparation and the type of composite
substrate, as well as the type of powder filler
used, affect the adhesion of the coatings.

The laminates used as substrates were made by
the infusion method. It consisted in arranging
the fabrics one after the other on a glass, smooth
form. Then, in each separate production cycle, a
synthetic peel-ply fabric was applied to the
properly arranged layers of materials. The last
layer - an infusion mesh made of polyethylene
fibers - was placed on the previously prepared
delamination, so that it would help to evenly
distribute the resin over the entire mold area.
The last step was to tightly cover the mold with
a vacuum bag with the use of double-sided butyl
tape and assembly on one side of the spiral pipe
with which the resin was forced, and on the
other side - a vacuum pump. After the infusion
process, each laminate was cured for 8 hours at
a temperature of 80°C. Huntsman's Araldite LY
1564 epoxy resin with Aradur 3487 amine hard-
ener was used to produce lamintes - in propor-
tions by weight 100: 34, respectively. Araldite

LY 1564 is a substance characterized by a low
viscosity (1200-1400 mPas) and a density of
1.1-1.2 g/cm?®, intended for infusion method.
The composition of the epoxy resin Araldite LY
1564 with the hardener Aradur 3487 is often
used used to supersaturate the composite layers
due to its properties such as: no shrinkage dur-
ing curing, odorlessness and hydrophobicity.

As a result, 3 different types of laminates were
obtained, namely:

G - 4 layers of glass emulsion mat (300 g) with
3 layers of glass fiber fabric 163 g/m” plain 1/1
C - 4 layers of glass emulsion mat (300 g) with
3 layers of carbon fiber fabric 160 g/m?* twill 2/2
A - 4 layers of glass emulsion mat (300 g) with
3 layers of aramid fiber fabric 173 g/m? plain
171

Prepared, cut composite materials produced by
the infusion method were as the basis for poly-
mer coatings. The polymer coatings that were
applied to the samples consisted of neat Sika
F180 polyurethane and with the addition of four
different fillers with a content of 20% by
weight. The applied powder fillers were: Silli-
kolloid P87, Sillitin N85, Aktisil AM, Aktisil
EM.

Keywords: adhesion, pull-off test, coating with
fillers, composite substrates, laminates, rough-
ness measurement
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Abstract:

Cyanoacrylates are highly reactive adhesives that
can create a stable bond between different mate-
rial surfaces within a few seconds. While the cur-
ing reaction has been intensively researched, the
bonding mechanism is poorly understood. Previ-
ous studies investigated the interaction with
model substrates such as Au and SiO; [1] or the
interaction of chemically similar model polymers
such as poly(methyl-methacrylate) [2]. The inter-
actions with technically relevant oxidized metals
have not yet been investigated.

In this study, we report the molecular interaction
of poly(ethyl-cyanoacrylate) (PECA) with the
surfaces of Al,O3 and TiO». Spin coating is used
to deposit nm-thin films of the PECA onto the
oxide surfaces, which allows the interface to be
studied by X-Ray Photoelectron Spectroscopy
(XPS). On both substrates, the adhesive interacts
via hydrogen bonds through the free electron
pairs of the carbonyl oxygen. On the Al,O3, there
is also evidence of ionic interaction through the
formation of a COO" group.

Further investigations using Metastable Induced
Electron Spectroscopy (MIES) on very thin
PECA films (< 2nm) allow conclusions to be
drawn about the molecular orientation of the pol-
ymer. It is found that the PECA molecule is pref-
erentially oriented with the carbonyl group to-
wards the oxide surface. This is consistent with
the hydrogen bonds found in the XPS results.

Keywords: adhesive, cyanoacrylate, thin films,
spin coating, X-ray Photoelectron Spectroscopy,
Metastable Induced Electron Spectroscopy
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Figure 1: Figure illustrating the proposed inter-
action mechanism of poly(ethyl-cyanoacrylate)
(PECA) with the oxide surfaces of AlLOs and
TiOs.
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Abstract:

To protect the surfaces from being contaminated
with pathogens, antimicrobial coatings have been
proposed and applied in the form of paints or pol-
ymeric layers containing biocidal agents, usually
represented by 1,2-Benzothiazol-3 (2H)-one
type, Triclosan, various polymers, with copper or
silver incorporated. A major problem with these
products is the phenomenon of sublimation of the
biocidal active agent, leading to a decrease in the
active concentration and the loos of their protec-
tive properties. In this context, LAIA (Light Ac-
tivated Inorganic Agents) composed of a mix of
metallic Cu, Cu;O, and CuO is an innovative
concept of functional dual catalytic composite
which is defined as photocatalytic reaction
though which generates in the same time cata-
lytic reaction in the absence of light. The LAIA
product was characterized by X-ray diffraction
(XRD) and X-ray energy-dispersive spectros-
copy (XEDS), XPS under controlled environ-
mental conditions, transmission electron micros-
copy (TEM, Brunauer-Emmmett-Teller (BET)
nitrogen adsorption/desorption isotherms and
pore size distribution. The antimicrobial activity
was evaluated using qualitative and quantitative
standard methods (adapated CLSI method and
NF EN 1276: 2019 Standard). The microbial
strains were represented by Pseudomonas aeru-
ginosa (CECT 116 = ATCC 15442), Escherichia
coli (CECT 405 = ATCC 10536), Salmonella en-
terica subsp. enterica serovar. typhimurium
(CECT 443), Klebsiella pneumoniae (CECT
8453), Staphylococcus aureus (CECT 239 =
ATCC 6538), Streptococcus pyogenes (ATCC
19615), Enterococcus faecium VRE (ATCC
700221), Enterococcus hirae (CECT 4081 =
ATCC 10541), Candida albicans (CECT 1394 =
ATCC 10231). LAIAs photocatalytic sample un-
der analysis shows photocatalytic activity

demonstrated by discoloration of an aqueous so-
lution of Methylene Blue with a concentration of
20 mg/1 both for irradiation exclusively with light
from the proximate UV range and for irradiation
exclusively with light from the visible range.
High-energy-resolution analysis of the Cu 2p re-
gion clearly indicated that the particle surfaces
were mostly Cu(Il). XPS wide-energy survey
spectra collected on these samples showed some
unexpected zirconium peaks. Cu,O (copper (I)
oxide; cuprous oxide) is a red powder and can
also be produced as nanoparticles. Similar activ-
ity to CuO (copper(Il) oxide; cupric oxide) has
been shown. XPS wide-energy survey spectra
collected on these samples showed some unex-
pected zirconium peaks. The product LAIAS —
light activated inorganic agents, batch 520/2021,
when is diluted at 50% and 10% (w:v) in sterile
distilled water, shows bactericidal activity after
60 minutes at 20°C £+ 1°C, under clean conditions
(bovine serum albumin 0.3 g/L).

Keywords: antimicrobial coatings, Light Acti-
vated Inorganic Agents, biomedical applications.
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Abstract:

Waterborne polyurethane dispersion (PUD) con-
tinues being one of the materials more promis-
sory to replace solvent-based polyurethane sys-
tems used in the coating and adhesive industry.
Due to environmental restrictions, most formula-
tions that use voltaic organic compounds must be
changed to their water base counterpart. Even
though the coatings made with polyurethane
show good tensile strength, gloss, and resilience,
improvements in the thermal and tribological
properties have to be done. In this sense hybrid
waterborne polyurethane dispersions have
emerged as a promising alternative not only to
improve physicochemical properties such as
scratch resistance, tensile stress, and hydrophobi-
city but also to make these polyurethanes-based
production processes more economical'. The hy-
bridization of polyurethanes can be done with vi-
nyl-acrylic polymers be means of interpenetrat-
ing networks, end-capping or grafting from the
process, in the last case a heterobifunctional
monomer with dihydroxyl groups and double
bonds are used as crosslinking agent between the
polyurethane and acryl polymeric chains. Our re-
search group reported for the first time the bi-
sphenol-a-glycidyl methacrylate (Bis-GMA) as a
chain extender of polyurethane and crosslinking
agent’. In this work, we report the use of Bis-
GMA to get an HPUD by means of grafting from
the process reacting the monomer during the pre-
polymer polyurethane formation

Figure 1 shows the particles size distribution of
aqueous polyurethane dispersion before and after
styrene (ST) and butyl acrylate (BA) incorpora-
tion, as well as the particle size distribution after
polymerization of acrylic monomers. Table 1
summarizes the colloidal properties. The PUD
has a mean particle size of 44 nm, when the sty-
rene and butyl acrylate are incorporated the mean
particle size increase to 168 nm, which indicates
that the acrylic monomers are incorporated into
the PU nanoparticles swelling them. Once the
styrene and butyl acrylate are polymerized the
mean particles size decrease again obtaining a fi-
nal mean particle size of 106 nm. This behavior
is expected due to the change from Van der
Waals interaction to covalent bonds in the P(ST-

BA) after polymerization. The zeta potential is
higher for the HPU compared to PU with a value
of -73 mV which suggests greater colloidal sta-
bility. The polymers were characterized by GPC,
FTIR and the water contact angle was measured
on the polymer films as well as TGA and DSC.
The hybrid polymer shows a higher molecular
weight, thermal stability, and a more hydropho-
bic film.

Keywords: Waterborne polyurethane dispersion,
Interpenetrating polymer network, styrene, and
butyl acrylate, coating, and adhesives.
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Figure 1. Particle size distribution of PUD and
HPUD with ST and BA before and after
polymerization, PU+P(ST-BA).
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Abstract:

Immediately after inserting the implant into the
body, its surface is wetted by body fluids and
then coated with serum or extracellular matrix
proteins such as fibrinogen, fibronectin, albumin
and others. The presence of these prote-ins is
necessary to initiate the process of adhesion of
stem cells and their subsequent differentiation
into osteoblasts, and thus the process of osseoin-
tegration. One of the main factors disturbing the
osseointegration process is the colonization of
the surface of the biomaterial by bacteria initiat-
ing the development of the infection, which is
creating bacterial biofilm. Reducing the risk of
biofilm development on the surface of bio-
materials is one of the main directions of re-
search development that allows for effective
reduction of biofilm related infection. The main
approaches have involved modifying the surface
of biomaterials to reduce microbial adhesion
and interfering with the initial phases of biofilm
development [1, 2]. The conducted research is
aimed at developing materials resistant to colo-
nization and at the same time it is safe for the
human body. Despite the involvement of many
research cen-ters in the world, the issue of coat-
ings with antibacterial properties is based on
partial research. There are no studies compre-
hensively synthesizing physicochemical and
microbiological issues in relation to the specific-
ity of the skeletal system. Against this back-
ground, the concept of work was born by modi-
fying the Ti6Al7Nb alloy with the SnO; coating
using the ALD method. As part of the assess-
ment of the suitability of such a proposed sur-
face modi-fication, pitting corrosion resistance
tests, SnO, coating adhesion tests to the sub-
strate, abrasion resistance tests, surface wettabil-
ity tests, surface topography tests (fig.1), micro-
structure tests and bacteria S aureus and E coli
adhesion tests were carried out. Coli to the mod-
ified surface of the Ti6Al7ND alloy. Firsty, the
surface of the Ti6Al7Nb alloy was subjected to
both sandblasting and polishing. Then, SnO,
was applied to the prepared surface by the ALD
method with changing parameters of the deposi-
tion process. The variable parameters were tem-
perature and the number of cycles. On the basis
of the obtained data, different phy-sicochemical

properties of SnO; coatings depending on the
number of cycles and the tem-perature of appli-
cation were found. It was found that the applied
coating had a beneficial effect on the antibacte-
rial properties, with the apparently smaller num-
ber of bacterial colonies compared to the sub-
strate without the coating. The knowledge
gained on this basis is of practical importance
for the application of this type of surface modi-
fication for various types of implants used in the
skeletal system.

Keywords: SnO, layer, ALD method,
Ti6Al7NDb alloy, antibacterial layers, electro-
chemical properties, mechanical properties,
biological properties, biomedical applications.
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Figure 1: Surface morphology of Ti6Al7Nb
alloy with SnO; coating,
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Abstract:

In recent years, the Til3Zr13Nb alloy, among
the more than forty alloys investigated to date,
seems to be the best candidate due to its non-
toxicity and relatively low Young's modulus [1].
Nb and Zr are stabilizers of B-phase and cause a
decrease of the Young's modulus so that the
titanium Ti13Zr13Nb alloy is more biocompati-
ble than others. Moreover, the stable oxide TiO;
film 1-4 nm thick is spontaneously formed on
the surface the titanium Til3Zr13Nb alloy. Its
ability to natural self-passivation and presence
of the titanium dioxide on the surface reduces
the risk of migration of metal ions to body fluids
after implantation [2]. The weak bonding of
titanium and its alloys to bone and its lack of
bioactivity have resulted in a great variety of
different surface modification techniques. The
surface modification techniques perform very
important function in shaping the physicochem-
ical properties of the Ti13Zr13Nb alloy intended
for implants. The methods of modifying the
outer layers must ensure repeatability and uni-
formity of their physical and chemical proper-
ties. The structure and chemical composition of
the layer of implants made of Ti13Zr13Nb alloy
can be modified using various methods, among
which the anodic oxidation and sol-gel dominate
[1, 2]. One of the most important aspects of
miniaturized implants is to provide them with a
constant geometric feature along their entire
length, which the above-mentioned modifica-
tions are not able to provide. Therefore, in this
context, the most suitable surface modification
technique is the application of layers using the
ALD (Atomic Layer Deposition) and nanoPVD
(Physical Vapor Deposition) methods. Apart
from the improvement of biocompatibility, an
important issue related to the production of lay-
ers is also the appropriate set of their physico-
chemical properties. For that reason, the study
attempts to evaluate the physical and chemical
properties of the applied SnO2 layers on the
Ti13Zr13Nb alloy substrate using both the ALD
and nanoPVD methods. As part of the evalua-
tion of electrochemical properties of the surface
layers formed in this way, tests of resistance to
pitting and crevice corrosion were carried out,

as well as tests with the use of electrochemical
impedance spectroscopy. Ultra-nanohardness,
adhesion to the metal substrate (scratch test) and
resistance to abrasion (pin-on-disc) studies were
performed to determine the mechanical proper-
ties of applied layers. Additionally, tests of the
surface topography and its wettability were car-
ried out. Moreover, the thickness measurements
of the analyzed layers were performed and esti-
mated with the use of the ellipsometric method.
Based on the obtained results, different physico-
chemical properties depending on the applied
technology of application were found. Propos-
ing suitable variants of surface treatment using
the ALD and nanoPVD methods has perspective
importance and will contribute to the develop-
ment of technological conditions with precise
parameters for the production of oxide coatings
on implants used in bone surgery.

Keywords: SnO, layer, ALD method, PVD
method, Til3Zr13Nb alloy, -electrochemical
properties, mechanical properties, skeletal sys-
tem.
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Abstract:

In the plastic/polymers injection, the moulds
must be regularly cleaned to avoid the residues
accumulation on their surface, otherwise, the
dimensions of the pieces produced are
compromised.

Several examples of using lasers to clean moulds
could be found. Such as using a CO, laser to
clean the moulds in the glass industry or the laser
fibre in the elastomers industry. The major
difficulties to implement such technology is
when the mould surface and the residues interact
in the same manner with the laser beam used. A
study of the implementation of the laser
technology to clean the metallic mould of the
polymer injection was addressed (Fig 1). The
residues are polymeric and can be removed by
ablation, using 1064nm radiation. The radiation
is also highly absorbed by the mould surface and
its coating. The optimization of the laser
parameters such as power, frequency, scan speed,
etc, is required for efficient removal of the
residues without the degradation of the mould
surface coating. In addition, the moulds studied
are used to produce a complex piece, presenting
small areas at different heights. The present study
report also the optimization of mould division in
different heights, like a topographic map (figure
2). The idea is to focus the laser beam on each
plane with the same height, and proceed to clean
it, rapidly and efficiently. The results obtained
show the efficiency of laser technology in
cleaning these moulds.

Keywords: Fiber Laser; clean moulds; injection
moulds; topographic maps of the moulds.
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Figure 1: Figure illustration of the methodology
to clean the mould, using laser technology.

Figure 2: Topographic map of one part of the
mould, where the different colours represent dif-
ferent heights planes.
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Abstract

Oral drug delivery is one of the best alternatives
to incorporate a drug into the body due to its
simplicity, convenience, low cost, and safety.
However, it is limited, if the target is after the
stomach, by factors in the digestive
environment such as enzymatic degradation,
pH, solubility, among others[1]. For this reason,
the development of effective drug delivery
systems based on nanocarriers coated with pH-
sensitive polymers improve the absorption and
bioavailability of the drug in the body [2]. The
design of these polymeric coatings is based on
the versatility that can be conferred to certain
polymers to modulate their properties such as
molecular weight, hydrophobic/hydrophilic
domains, adhesion, and their solubility
dependence on pH, which allows modulating
the delivery of active pharmaceutical
ingredients (API) in a colonic environment[3].
Several organic and inorganic materials have
been reported in the literature for applications
and formulation strategies such as hydrogels
based on synthetic and natural materials,
microspheres, and nanoparticles. Among the
materials used, polymers of synthetic origin
such as copolymers based on acrylic acids and
esters, whose physicochemical properties vary
due to the presence of anionic, cationic, or
neutral groups are highly promising as they
allow the API in its solid dosage form to act
during passage through the organism, this is due
to the fact that these polymeric materials have
better biocompatibility, biodegradability and
mucoadhesive properties [4].

Based on the above, this seminar will analyze
some previous results obtained in the
development of a coating system based on a
poly(methyl acrylate-co-methyl methacrylate-
co-methacrylic acid) terpolymer, from the
modulation of the proportions of the acrylic
monomers, and their effect on the particle size
distribution and z-potential, as well as the effect
of the chemical structure on the controlled
release of the API in the application of a static
in vitro digestion model where the polymer
coats HPMC (Hydroxypropylmethylcellulose)

capsules to determine the enteric functionalities,
the encapsulation efficiency in a test molecule,
all this is to obtain a drug delivery system with
potential application in colonic diseases.

Keywords: Coatings, pH sensitive polymers,
oral administration, colon diseases, HPMC
Capsules, Dipping, acrylic polymers, active
pharmaceutical ingredients (API).
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tached polymer hydrogels
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Abstract:

Cellulose is one of the most abundant biode-
gradable polymer in nature and it is the base ma-
terial for the formation of all papers. They are hy-
drophilic and strongly porous; in addition, their
fibrous structure allows fluids to be passively
transported by capillary action, making this ma-
terial a perfect candidate for pump-free microflu-
idics. Despite all the advantageous properties, pa-
per-based devices, with very few exceptions,
have been used on a rather limited scale in diag-
nostics and analytics. For applications with
strongly abundant molecules, the sensitivity is
sufficient, but for many others, light scattering
and unspecific adsorption of analyte molecules
on the device present major problems.' In this re-
search project, coatings of papers with PDMAA-
co-MABP via C,H-insertion reactions have been
successfully performed, in order to reduce the un-
specific adsorption. In a swollen hydrogel net-
work, proteins are indeed unable to penetrate be-
cause of "entropic shielding", i.e. the significant
loss of entropy induced by the penetration of
macromolecules stretches further the hydrogel.
This minimize the non-specific adsorption and
accordingly retention of an analyte (e.g. protein)
transported through the channel by capillary ac-
tion. Moreover, while strong light scattering is
detrimental for transmission through the paper,
for fluorescence detection, strong light scattering
even improves the net read-out signal because
scattering enhances the excitation efficiency of
fluorescent dyes (and their emission efficiency to
the detector) in deeper layers of the paper and
thus makes more molecules in the paper available
for analysis.

Keywords: Lateral flow, cellulose, scattering,
detection, pPAD, fluorescence, rapid diagnostic
test.
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Figure 1:

(A) Unspecific protein adsorption on a paper-
based device is obtained, preventing the detec-
tion of any signal. (B) When the paper is poly-
mer-modified, protein repellency allows the
flowing of the target molecules and eventually
the signal detection.
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The Influence of Yarn Fineness in Layer Interchanging Double Cloth
on Woven Fabric Roughness
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Abstract:

All woven fabric surfaces consist of various
types of imperfections and irregularities that are
affected by the construction characteristics of the
fabric, mostly weave and yarn fineness. Tactile
property is a multidimensional concept consist-
ing of several characteristics, among which is
surface roughness, as the fundamental and most
effective factor whose parameters along with the
parameters of surface waviness describe the
topographic woven fabric properties. Fabric to-
pography is expressed by periodic repetition of
waves in the vertical and horizontal directions
caused by its structure. Surface roughness is the
totality of microgeometric irregularities on the
fabric surface and has a significant role in the fi-
nal use of fabrics, especially in ones that are in
contact with human skin. In order to establish the
connection between fabric construction parame-
ters and their roughness, it is sufficient to de-
scribe its surface properties at the meso level.
For the purpose of this research, woven fabric
with complex weave construction (layer inter-
changing double cloth) was designed, using dif-
ferent raw material fibers (AR - 95% Meta Ara-
mid Conex NEO; 5% Para Aramid Twaron raw
and MAC/CO - 45% Cotton Long Stapel
Combed, 55% Modacrylic Sevel FRSA/L),
which will provide a diversity of structure and
thus various properties on the front and backside
of the fabric. For this reason, an investigation on
the properties of roughness has been conducted
on the backside of woven fabrics, where
MAC/CO yarn predominates with the purpose to
obtain fabric comfort when in contact with the
skin.

Figure 1 shows a correlation between the average
amplitude from the roughness profile with yarn
fineness and fabric density. The mean amplitude
of roughness profile, in weft, direction decreases
with increasing yarn fineness in weft in the first
three samples where the differences in weft den-
sity are negligible. The sample with the finest
weft (Sample 4, 12.5x2 tex) has higher values of
mean amplitude in weft, which is caused by the
increased weft density (66 threads/cm), while the
other samples had a slight difference in weft den-
sity (58 threads/cm). Regarding the mean ampli-
tude for warp, whose density is the same for all

samples, the values decrease nonlinearly with in-
creasing weft fineness. Statistical analysis con-
firmed that weft fineness has the greatest influ-
ence on the average wavelength and amplitude of
the roughness profile (both R* = 0.91), in warp
direction.

Table 1: Woven fabric specifications

Sample| Warp [Tt (tex)| Weft 1 Tt (tex)| Weft2 [Tt (tex)
1 AR | 17x2 | AR | 17x2 | MAC/CO | 20x2

AR | 17x2 | AR | 17x2 | MAC/CO | 17x2

2
3 AR 17x2 AR 17x2 | MAC/CO | 14x2
4 AR 17x2 AR 17x2 | MAC/CO | 12,5x2

Keywords: woven fabric, roughness, Fabric
Touch Tester, layer interchanging double cloth,
yarn fineness
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Figure 1: The average amplitude of roughness
profile of the tested samples
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Woven Fabric Roughness Conditioned by Weave
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Abstract:

The woven fabric structure is defined by the con-
struction parameters, of which the most influen-
tial are weave and thread density. In order to
characterize the woven fabric surface in detail, it
is necessary to perceive it on several levels
(macro, meso, micro). At the meso level, the
topographic properties of woven fabrics are ob-
served, which are described by the parameters of
surface roughness and waviness. Typical topog-
raphy is expressed by periodic repetition of
waves in the vertical and horizontal directions re-
sulting from its structure. Roughness is defined
by closely spaced irregularities while waviness is
manifested in widely spaced irregularities on the
fabric surface. Different methods (contact and
non-contact) have been developed to characterize
the fabric surface roughness. For this research,
the contact method on the Fabric Touch Tester
device was used. The aim of this research is to
present a detailed investigation and explanation
of the effects of weave types on the surface
roughness of woven fabrics in the warp and weft
direction. Both directions consist of the same raw
material (PA6.6/CO - 50% Polyamide 6.6, 50%
Cotton) and the same fineness (15.5x2 tex). Fab-
ric specification is shown in Table 1.

The root mean square (Figure 1) is the square root
of the average of the square of the deviation of
the profile from the mean line which represents
the surface roughness with amplitude variations
included. Figure 1 shows that the highest rough-
ness has the fabric woven in plain weave while
satin fabric has the lowest. This confirms the the-
ory of the influence of thread flotation on the wo-
ven fabric surface roughness. In addition, in the
case of twill fabrics, Twill 1/3 has a higher rough-
ness due to full interlacement of every 4th thread.
Figure 2 shows the height of the highest peak
(Rp) and the depth of the deepest valley (Rv) in
the roughness profile. The results are consistent
with the ones shown in Figure 1. Fabric woven in
Twill 1/3 shows an axis shift in favor of the high-
est peak (Rp) relative to the deepest valley (Rv).

Table 1: Woven fabric specifications

Warp densit Weft densit
Sample_Weave (th?e)ad/cm)y (thread/cm)y
1 Plain 30 24
2 Twill 2/2 30 26
3 Twill 1/3 30 26
4 Satin 1/4 30 29

Keywords: surface roughness, woven fabric,
weave, Fabric Touch Tester

Figure 1: The root mean square
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1_Plain | 2_Twill2/2 | 3_Twill1/3 | 4_Satin1/4
mRp  0,03999 0,02491 0,03086 0,016925
ERv  -0,03808 -0,02688 -0,02659 -0,01611
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Plasma vortices in the near Earth environment

Khatuna Elbakidze
Iv. Javakhishvili Thbilisi State University, 0128 Tbilisi, Georgia

Abstract:

Evolution of internal-gravity wave (IGW) struc-
tures in the dissipative ionosphere in the presence
of a nonuniform zonal wind (a sheared flow) is
investigated. The efficiency of the linear amplifi-
cation of IGW structures in their interaction with
anonuniform zonal wind is analyzed. When there
are sheared flows, the operators of linear prob-
lems are non-self-conjugate and the correspond-
ing eigenfunctions are nonorthogonal, so the ca-
nonical modal approach is poorly suited for stud-
ying such motions and it is necessary to utilize
the so-called nonmodal mathematical analysis. It
is shown that, in the linear evolutionary stage,
IGW efficiently extract energy from the sheared
flow, thereby substantially increasing their am-
plitude and, accordingly, energy (by several or-
ders). As the shear instability develops and the
perturbation amplitude grows, a nonlinear self-
localization mechanism comes into play and the
process ends with the self-organization of nonlin-
ear, highly localized, solitary IG vortex struc-
tures. The system thus acquires a new degree of
freedom, thereby providing a new way for the
perturbation to evolve in a medium with a
sheared flow. Depending on the shape of the
sheared flow velocity profile, nonlinear struc-
tures can be either purely monopole vortices or
vortex streets against the background of the zonal
wind. The accumulation of such vortices can lead
to a strongly turbulent state in an ionospheric me-
dium.

The Plasma vortices are often detected by space-
craft in the geospace (atmosphere, ionosphere,
magnetosphere) environment, for instance in the
magnetosheath and in the magnetotail region.
Large scale vortices may correspond to the injec-
tion scale of turbulence, so that understanding
their origin is important for understanding the en-
ergy transfer processes in the geospace environ-
ment. In a recent work, the THEMIS mission has
detected vortices in the magnetotail in associa-
tion with the strong velocity shear of a substorm
plasma flow (which have conjugate vortices in
the ionosphere. By analyzing the THEMIS data
for that event, we find that several vortices in the
magnetotail can be detected together with the
main one, and that the vortices indeed constitute
a vortex chain. Such vortices can cause the strong
turbulent state in the different media. The strong

magnetic turbulence is investigated in the ionso-
phere as an ensemble of such strongly localized
(weakly interacting) vortices.
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Figure 1:The figure represents evolution of ini-
tial monopole and random perturbations of the
plasma flow, localized in a circle of radius 0.2
and magnetic field in a Gaussian inhomogeneous
flows.
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Abstract:

Since the first demonstration of an electrically
propelled spacecraft with an ion engine different
ion sources have been realized. They replaced the
traditional chemical thrusts on satellites for e.g.
attitude control or geosynchronizing the orbit. In
the first place, thrust measurements are the most
direct approach for the characterization of a
thruster for spacecraft propulsion. Sophisticated
instruments, like direct and indirect thrust bal-
ances, have been developed, which are able to
quantify the trust with accuracies of a few uN [1].
Other diagnostics are based either on electric
methods, like faraday cups and retarding poten-
tial analysers [2,3], or on optical methods, like
emission spectroscopy. Recently, force probes
for momentum flux measurements are comple-
menting these on-ground instruments [4]. The
non-electrostatic techniques are important be-
cause it is well-known that the exhaust plumes of
plasma-based thrusters contain a significant
amount of energetic neutral particles, which can
not be detected with electrostatic diagnostics.
Therefore, thrust predictions based on electro-
static techniques may significantly underestimate
the performance of a thruster.

Additionaly, electric thrusters, in particular
plasma-based ion thrusters, are known for gener-
ating secondary plasma that interacts with the
spacecraft. These spacecrafts often carry sensi-
tive instruments, solar panels and other subsys-
tems that might be disturbed or degraded by the
unintended backflow from the applied thruster.
In test facilities, it is very difficult to numerically
calculate or mimic these very small unintended
side effects. For this purpose, special plasma di-
agnostics, i.e., the Electric Propulsion Diagnostic
Package (EPDP), have been developed to analyse
the plasma surrounding an electically driven
spacecraft [5].

Keywords: plasma diagnostics, electric space-
craft propulsion, ion thrusters, sputtering, charge-
exchange collisions

Figure 1: Measurements with two sensors and a
Faraday cup in a test chamber with a broad beam
ion source.
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Experimental Observation of plasma parameter and photoresist ashing
in an inductively coupled plasma sources with MRWPT antenna
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Abstract:

Recently, several studies have reported that the
efficient plasma generation and uniformity con-
trol are possible in an inductively coupled plasma
with a passive resonant antenna for magnetic res-
onance wireless power transmission (MRWPT
antenna). In this study, the plasma parameter and
photoresist ashing are observed in an inductively
coupled plasma source with MRWPT antenna. A
powered antenna connected to RF generator
through a matching network and a MRWPT an-
tenna are installed above a quartz plate on the top
of the chamber. As the self-resonance frequency
of MRWPT antenna is adjusted, the plasma dis-
tribution is measured at both plasma bulk and wa-
fer-level. The results are compared with the PR
ashing results.

Keywords: ICP source, wireless power transfer,
magnetic resonance, Photoresist asing, plasma
density distribution control.
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Experimantal observation of hysteresis in a neon inductively coupled
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Abstract: References:

A hysteresis of an electron density and a coil cur- 1. M. A. Lieberman and A. J. Lichtenberg
rent is observed in an inductively coupled plasma (2005) Principles of plasma discharges and
at low gas pressure. Generally, the hysteresis has materials processing, John Wiley & Sons
been reported at high pressure Ramsauer gas dis- 2. H.C.Leeand C. W. Chung (2015) Effect of
charges, but in the neon plasmas, the hysteresis is Electron Energy Distribution on the Hyste-
observed at low pressure (5 mTorr). Electron en- resis of Plasma Discharge: Theory, Experi-
ergy distribution functions (EEDFs) are meas- ment and Modeling, Sci. Rep., 5 15254

ured with increasing and decreasing RF power to
analyze this hysteresis phenomenon. The meas-
ured EEDF has a Maxwellian distribution in the
E mode discharge while it has a bi-Maxwellian
like distribution in the H mode discharge. This
implies that the electrons of the high energy are
efficiently heated in the H mode discharge and
therefore the collisional energy loss is possibly
reduced.

Keywords: E to H transition, Neon inductively
coupled plasma, Hysteresis, EEDF, Heating
mechanism
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Figure 1: Measured electron density versus the
RF power in neon ICP at 5 mTorr.
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Spatial and Temporal Characterization of NO and OH Concentration
in a Nanosecond Pulsed Surface Dielectric Barrier Discharge Plasma
Using Picosecond Laser Induced Fluorescence
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Abstract:

The mechanisms involved in plasma sterilization
are still unclear. The reactive oxygen and
nitrogen species (RONS) produced by the plasma
seem to have a dominant role in the processes in-
volved in bacteria inactivation. Hence, their com-
plete characterization is necessary to further our
understanding of the complex interaction
between plasmas and bacteria. Here, we focus on
NO and OH, being two key molecules in the
chemistry of atmospheric pressure, low tempera-
ture plasmas generated in air. Besides having
anti-microbial potential and being directly in-
volved in the bacteria inactivation processes,
they are also precursor of other relevant mole-
cules produced by the plasma like N, Oy, HNO3,

H,0,, 05 [1][2]. We perform NO and OH den-
sity measurements through Laser Induced Fluo-
rescence (LIF) at atmospheric pressure using a
diode-pumped high energy picosecond Nd:YAG
laser to excite the molecules and an Intensified
Charge Coupled Device (ICCD) to detect the flu-
orescence light. This allows resolving the decay
of the fluorescence light and correct the fluores-
cence signal intensity according to the collisional
quenching of the background gas, mainly caused
by H,0. Absolute calibration is performed using
a gas mixture with a known amount of NO con-
centration. A Surface Dielectric Barrier Dis-
charge (SDBD) is powered by a nanosecond
pulse high voltage power supply to generate a
400 nanoseconds pulse plasma discharge at at-
mospheric pressure in a controlled synthetic air
flow (80% N5 / 20% 0,) with variable humidity
content. The NO concentration is measured in a
2-dimensional area 4x4 mm in front of the
plasma surface at different relative humidities.
The results show the NO concentration to drasti-
cally drop a few millimeters from the plasma sur-
face, suggesting that the NO survives only in the
proximity of the plasma, where is produced,
quickly reacting with other molecules. Between
two consequent plasma discharges at 1 kHz the
NO concentration does not vary significantly, but
it increases with larger humidity content, sug-

gesting H, O improves NO production. LIF meas-
urements of OH are currently undergoing and
will also be discussed.

Keywords: low temperature plasma, atmos-
pheric pressure, picosecond laser induced fluo-
rescence, surface dielectric barrier discharge,
SDBD, nanosecond pulse plasma, collisional
quenching, nitric oxide, NO, hydroxyl radical,
OH, humidity
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Figure 1: NO concentration in arbitrary units in
a 4x4 mm square perpendicular to the plasma
surface. Above the plotis a schematic of the po-
sition of the plasma (pink) and the electrode (or-
ange). The measurements were taken at 2.8 = 3%
RH, 500 us after the plasma discharge.

(&)}

[mm]

a.u.

References:

1. X.L.Hao, A. M. Mattson, C. M. Edelblute,
M. A. Malik, L. C. Heller, and J. F. Kolb,
Nitric Oxide Generation with an Air Oper-
ated Non-Thermal Plasma Jet and Associ-
ated Microbial Inactivation Mechanisms
Plasma Process. Polym. 11(11), 1044-1056
(2014).

2. D. Xu, D. Liu, B. Wang, C. Chen, Z. Chen,
D.Li, Y. Yang, H. Chen, M.G. Kong, In situ
OH generation from O, and H,0, plays a
critical role in plasma-induced cell death,
PLoS ONE, 10 (6) (2015), Article 0128205

Page 210



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Dielectric barrier discharge plasma reduction of iron oxides
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Abstract:

Native surface oxides, which usually contami-
nate metals in ambient atmosphere, limit their
performance in industrial applications like coat-
ing or welding. For the reason of removal of such
oxide layers, different deoxidation techniques
were developed. Up to date, non-thermal hydro-
gen plasmas have been shown as efficient in de-
oxidation of metals. Whereas low pressure
plasma deoxidation techniques have been studied
intensively, there is only a minimal information
about deoxidation effect of hydrogen plasmas,
which operate in the atmospheric pressure range.
Promising results have been obtained for dielec-
tric barrier discharge (DBD) hydrogen plasmas in
deoxidation of copper oxides at room tempera-
ture and 100 — 1000 hPa [1,2]. Nevertheless, no
information about deoxidation effect of a DBD
plasma on other metals, which are widely used in
fabrication processes, is available.

In the study, we report the application of a DBD
plasma for deoxidation of natively oxidized iron
surfaces in an Ar/H, atmosphere at 100 and
1000 hPa (Figure 1). Plasma treatments were
performed at a discharge voltage of 10 kV and a
frequency of 8.8 kHz at room temperature as well
as in the combination with heating. The chemical
state and the morphology of the samples before
and after treatments were studied via X-ray pho-
toelectron spectroscopy (XPS) and atomic force
microscopy (AFM), respectively. The results re-
vealed, that iron surface lattice oxide was re-
duced to clean metal after several seconds of
plasma treatment at the elevated temperatures in
the range from 200 to 300 °C, whereas room
plasma treatment did not lead to an efficient de-
oxidation. Additionally, a plasma was character-
ized using optical emission spectroscopy (OES).

Keywords: dbd plasma, deoxidation, iron deoxi-
dation, surface treatment, hydrogen plasma, cold
plasma, industrial applications
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Figure 1: Illustration of the experimental pro-
cess of deoxidation of natively oxidized iron sur-
faces in an Ar/H, DBD plasma as well as the re-
sults of deoxidation
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Deposition in silicon trenches and porous substrate using Bipolar High
power impulse magnetron sputtering
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Abstract:

High power impulse magnetron sputtering (HiP-
IMS) is a physical deposition method of thin
films in the vapor phase. This technique provides
larger plasma densities and ion fluxes to a sub-
strate compared to the direct current magnetron
sputtering (DCMS). HiPIMS discharges operate
in pulsed mode with short widths and low duty
cycle. As a consequence, ion densities are 2-3 or-
ders of magnitude higher compared to DCMS [1-
2]. Bipolar high power impulse magnetron sput-
tering (Bp-HiPIMS) refers to the application of a
positive voltage pulse following the conventional
negative HiPIMS pulse. Recently this method
has attracted a great interest for the deposition of
thin and dense layers due to the ability to control
the ion energy and the flux. The effects of a pos-
itive pulse following the negative HiPIMS pulse
have been intensively studied using energy-re-
solved mass spectrometry whereas few papers
deal with the effect of this pulse on the properties
of hard coatings. This includes exploring the in-
fluence of varying the length of the positive volt-
age pulse (Ury=10-200 V) following a typical
HiPIMS pulse on the ion-energy distribution
function (IEDF) of the various ions [3].

In this study, we investigated the effect of the
positive pulse on the filling of silicon trenches
and on the penetration inside porous substrate
(silicon), the filling and the penetration being
characterized by scanning electron microscopy
and Rutherford backscattering spectroscopy. We
correlated these results to the time integrated
(and time resolved) ion energy distribution ob-
tained by an energy-resolved mass spectrometry
and by a retarding field energy analyzer, to the
energy influx incoming onto the substrate meas-
ured by a thermal probe.

Keywords: Bipolar HiPIMS, Sputtering, Plasma.
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Figure 1: (a) Discharge voltage Us(f) and (b)
current /p(f) waveforms recorded during stand-
ard hipims and bipolar HiPIMS with a reverse
250 ps long positive voltage pulse of (0-180V)
applied immediately following the negative
pulse.
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deposition of Pt nanoparticles on liquid glycerol
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Abstract:

Pt nanoparticles (NPs) are widely used as cata-
lysts for oxygen reduction reactions (ORR) in
electrochemical systems as the Proton Exchange
Membrane fuel cell (PEMFC). NPs can be ob-
tained through various physical, chemical or
physicochemical routes. The chemical methods
are very versatile in terms of controlling NPs
shape and size but requires additives, which gen-
erate by-products difficult to remove and NPs
with limited purity. In contrast, physical methods
as magnetron sputtering on solid substrates avoid
the use of additives, allowing the production of
pure metallic NPs. In order to make the magne-
tron sputtering process compatible with conven-
tional liquid ink preparation techniques used for
manufacturing fuel cell, we recently reported the
synthesis of Pt NPs over a host liquid substrate
(glycerol) that sustains low pressures [1]. Molec-
ular dynamic simulations highlighted that the
NPs diffusion in the liquid phase depends on the
associated kinetic energy of Pt atoms when arriv-
ing on the liquid surface and so the plasma / lig-
uid interaction properties. In this study, we inves-
tigated these interactions and the gas phase prop-
erties using experimental techniques as (an en-
ergy resolved) mass spectrometer and energy
flux probe giving us access to the energy distri-
bution of the sputtered species, total energy in-
flux incoming onto the liquid and the gas phase
composition (see Figure 1). These results are cor-
related to the NPs physical properties obtained by
X Ray Diffraction/Diffusion and High Resolu-
tion Transmission Electron, enabling us a better
understanding of the Pt NPs growth phenomena
on and in the liquid phase.

Keywords: plasma sputtering, nanoparticles,
plasma — liquid interactions.
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Figure 1: Time evolution of the gas phase com-
position obtained using a mass spectrometer
(HPR Hiden analytical).
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porosity and improvement by ion beam assisted deposition
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Abstract:

Thin film technology presents a large range of
applications in various fields like anti-scratching
coatings, optoelectronic devices, optical coat-
ings... However, physical behavior of such thin
films highly depends on intrinsic properties (film
structuration, porosity, elasticity,...) and it is
mandatory to develop efficient analytical or nu-
merical methods to predict such properties.

In the case of devices sensible to oxidation
and/or moisture like OLED (organic light emit-
ting diode), thin film encapsulation is required
and it is critical to detect air-connected pores to
avoid the deterioration of such device.

The purpose of this work is to simulate the SiN:H
encapsulation of complex objects by PECVD us-
ing SiH4 as a precursor, in order to predict pores,
especially those connected to the surface. To do
so, we will first deposit in-silico a 3D SiN:H
coating on complex shaped substrate by means of
kinetic Monte-Carlo code NASCAM [1,2]. Spe-
cial care is put on defining the chemical reactions
occurring in the gas phase [3] and at the coating
surface [4]. Then, the porosity is computed to de-
tect critical zones where the substrate can be ex-
posed to moisture and oxidation. Figure 1 shows
the modeling of a SiN:H porous coating depos-
ited on a 2um diameter spherical substrate and
the pores detected inside the coating. The pink
dots represent the air-connected surface. We can
notice that the bottom of the object is not coated,
and then not protected. The sphere has been se-
lected to take into account in our modelling
curved and lateral sides and possible shadowing
which are representative of any configuration
that can be found in OLED coating.

Finally, we investigate different methods (rotat-
ing or conformal source, ion beam assisted depo-
sition) allowing to improve the density of the
coating and to reduce the presence of air-con-
nected pores.

Keywords: OLED, encapsulation, PECVD, ion
beam assisted deposition, kinetic Monte-Carlo,
atomistic scale modelling.

(2]

Figure 1: Figure illustrating the different steps
of modelling. (a) 2um diameter sphere in silicon
to be coated. (b) Sphere coated by 1um thick
SiN:H film deposited by PECVD. (c) Pores de-
tection in the coating. (d) Vertical cross-section
of the 3D pore map: the pink dots represent the
air-connected surface.
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Abstract:

Atomic layer deposition (ALD) is a sophisticated
deposition technique that can be used to synthe-
size high-quality thin ZnO films. Furthermore,
films with different structural and physical prop-
erties can be obtained by varying the synthesis
parameters [1,2,3,4]. The most important param-
eter is the deposition temperature - it determines
the structure and material properties of the depos-
ited films [2,3]. The range of conventional (i.e.
thermal) ALD deposition temperatures for high-
quality ZnO is between 120 °C and 200 °C, and
the best photocatalytic activity was observed for
films deposited above 150 °C [2,3]. This charac-
teristic makes this technique unsuitable for depo-
sition on organic and biological substrates. How-
ever, a variant of the ALD technique which in-
volves plasma - plasma-enhanced atomic layer
deposition (PE — ALD) allows deposition at
lower temperatures without compromising film
quality and growth rate and even improving some
of'the films properties. For example, the films de-
posited at 80 °C using the PE-ALD method have
been shown to have ten times better photocata-
Iytic efficiency than films deposited at the same
temperature using ALD [1]. Moreover, the PE-
ALD technique allows synthesis at room temper-
ature, which makes it suitable for temperature-
sensitive substrates. In addition to temperature,
plasma RF power is also an important parameter
in PE-ALD synthesis [3,4]. In the present study,
we compare the optical properties of thin films
deposited by the PE - ALD method at room tem-
perature and power between 50 W and 300 W.
For this purpose, UV-Vis spectroscopy and pho-
toluminescence measurements were undertaken.

Keywords: zinc oxide, thin film, atomic layer
deposition, plasma, photocatalysis
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Figure 1: PE-ALD configuration of the Beneq
TFS 200 ALD reactor used for synthesis [5].
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Abstract:

Firstly discovered on cicada wings, the surface
patterning with spikes shows interesting antibac-
terial properties. By reproducing a similar struc-
ture on titanium, premilinary work has showed
the possibility of developing antibacterial prop-
erties [1]. In a cooperative project bringing to-
gether physicists, biologists, dentists and dental
implant producers we aim at developing dental
implants with such antibacterial properties using
helium ions to produce spikes on a titanium sur-
face.

For this study, an unbalanced magnetron sputter-
ing (UBM) or a Kaufmann ion source (eH1000)
were used to provide He ions onto 15 mm tita-
nium discs. Metallic contaminants (Ti, Fe or/and
W) were deposited during irradiation. The He ion
flux (2-10 x 10" m™s™) and energy were deter-
mined by the use of homemade faraday cups and
a retarding field energy analyzer (Semion single
sensor by Impedans).

Structured samples were produced at set temper-
atures of 613 K and characterized with scanning
electron microscopy (SEM), focused ion beam
(FIB). Metallic contaminants were quantified by
means of quartz microbalance (QMB) and/or X-
ray photoelectron spectroscopy (XPS). This work
aims at studying topology modifications due to
the presence of contaminants in the ion beam. At
fixed fluences, the growth rate of the spikes were
enhanced by a factor about 10 when compared to
pure He ion bombardment. The mechanisms in-
volved in the cone formation will be discussed in
this contribution.

Keywords:

Titanium surface structuration, metallic contam-
ination, He ions, scanning electron microscopy,
focused ion beam, quartz microbalance, X-ray
photoelectron spectroscopy
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Figure 1: SEM micrograph of titanium surface
after exposure to He ions forming spikes of about
600 nm height.
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Abstract:

Plasma-deposited protective and tribological
coatings have a significant role in many areas of
today’s industry. In tools, industry coatings lead
to increased tool life and a larger variety of work-
pieces from different materials. The most popular
thin films based on nitrides lead to a significant
improvement in the life of tools and the quality
of machined parts [1]. However, there are appli-
cations in which nitride coatings are not enough
to fulfil the requirements. In this work magnetron
sputtered WB, coatings doped with 8, 11 and 16
at% zirconium were analysed using energy dis-
persive spectroscopy, X-ray diffraction and
nanoindentation tester. Deposited coatings are
superhard and having hardness above 44.5 GPa.
W-Zr-B coatings have a hardness higher than
WB:.; and at the same time have a lower Young
modulus due to change of microstructure (Fig. 1).
Thermal treating tests (annealing and cycling
thermal loads) indicate higher stability of Zr
doped coatings. The annealed coatings possess
better mechanical properties because they are
less prone to cracking and have a lower Young's
modulus. In the case of cycling thermal loads the
hardness and Young's modulus of coatings grow
due to thermal residual stresses. Also changing of
unstable a-WB: to @-W,Bs phase is observed in
the case of coating without zirconium. Plasma -
deposited W-Zr-B films with very high hardness,
improved resistivity to cracking and good ther-
mal stability are competitive to commonly used
nitrides and are a good candidate as a protective
and tribological coatings.

Keywords: protective coatings, magnetron sput-
tering, tungsten borides, superhard materials,
thermal stability
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Figure 1: . Cross-section of deposited layers. a)
SEM , BF STEM (insert 1) images and SAED
pattern (insert 2) of W-B coating, b) effect of the
amount of added element into one-phase coating
on its microstructure according to Barna and
Adamik structural zone model (SZM) c)
W-Zr1-B coating, 16 at% zirconium
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Abstract:

Aerogels are mesoporous materials characterized
by special properties: high pore volumes (> 90%
v/v), high specific surfaces (up to 1200 m?*/g) and
low densities (< 0.2 g/cm®). In presented re-
search, biopolymer aerogel microparticles (e.g.,
derived from alginate, chitosan, cellulose and
proteins) are produced via supercritical CO,-
drying and used as stationary phase in supercriti-
cal fluid chromatography (SFC). The physico-
chemical interactions with various solutes are de-
termined. In particular, adsorption behavior of
various organic solutes in dependence of the mi-
crostructural and surface properties are investi-
gated. Since functionalization and change of aer-
ogels exterior and inner surface energy can be
achieved via cold plasma treatment, pristine as
well as plasma-coated aerogels are compared.

Aerogel particles (diameter < 50 pm) were pre-
pared by emulsion gelation or milling processes.
Cold plasma coating of the aerogels with C4Fs
was performed subsequently to applicate na-
nometer-precise hydrophobic and superhydro-
phobic polymer layers. Commercial stainless-
steel columns were then filled with the biopoly-
mer aerogel particles serving as stationary phase.
Columns with non-plasma treated aerogels were
used as reference. Measurements were performed
using an Acquity UPC? SFC (Waters, Milford,
USA); the fluid phase consisted of pure CO, and
an aromatic organic solute (e.g. caffeine). Inter-
actions between the solutes and modified biopol-
ymer aerogels measured as retention data were
determined with quantitative models. A modified
van't-Hoff equation was applied to calculate the
temperature dependent adsorption enthalpy of
different solutes from the mobile phase to the sta-
tionary phase. Overall, the use of supercritical
fluid chromatography for characterization of ad-
sorption behavior with substrates is demon-
strated, covering a wide range of different pore
structures and surface energies. As next step, a
cellular automaton model will be formulated to
describe the diffusion dynamics and adsorption

behavior of solutes on modified biopolymer sur-
faces in supercritical phases.

Keywords: aerogels, cold plasma coating, meso-
porous structure, supercritical fluid chromatog-
raphy, biopolymers
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Figure 1: Method development: determination
of the adsorption behaviour of org. substances in
the SFC using coated aerogels particles.
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Abstract:

According to the definition of PSTC (Pressure-
Sensitive Tapes Council), pressure-sensitive ad-
hesives in a dry state (after separation of the sol-
vent) show aggressive and permanent stickiness.
A characteristic feature of this group is also
strong adhesion to the surface, which occurs
without the need to apply a force greater than fin-
ger pressure [1]. Recently, more and more atten-
tion has been paid to natural sources of sub-
stances with antibacterial and antioxidant proper-
ties. Essential oils are used in various industries
due to their numerous properties. Essential oils
are volatile, natural mixtures of compounds char-
acterized by intense fragrances. They consist of a
mixture of several to several hundred com-
pounds, mainly hydrocarbons (terpenes and ses-
quiterpenes) and oxidized compounds (alde-
hydes, ketones, alcohols, acids, phenols, esters,
and others) [2].

In the first stage of work, polyacrylate pressure-
sensitive adhesives based on acrylate copolymers
were obtained. For their preparation, commer-
cially available reagents of technical purity were
used: butyl acrylate, acrylic acid, 2-ethylhexyl
acrylate, and methyl acrylate. Moreover, in the
presented work, 4-acryloyloxybenzophenone
(ABP) was used. On the other hand, the role of
the radical initiator was played by AIBN. The
next stage was the modification of the obtained
adhesive with the use of various essential oils.
Then, the antimicrobial properties of the modi-
fied adhesives were determined by the smear
method. Material tested: Gram-negative bacteria
- Escherichia coli - strain NCTC 12241 / ATCC
25922, Gram-positive bacteria - Staphylococcus
epidermidis - strain NCTC 13360/ ATCC 12228,
and Candida albicans fungi - strain NCPF 3255/
ATCC 2091. Frozen Escherichia coli and Staph-
ylococcus epidermidis bacteria were thawed at
room temperature, inoculated into the appropri-
ate broth and incubated 48 h at 37 © C. Thereafter,
300 ul of the bacterial suspension was spread
with a sponge on each of the culture plates with
the appropriate medium. In the case of Candida
albicans fungi, they were thawed at room temper-
ature and inoculated onto cultivated for 5 days at

25 °C. The smear method was used - the myce-
lium for plating on the plates was prepared by
adding to 8 ml of NaCl - water for the dilution of
the cultivated mycelium, and then vortexed. The
obtained suspension was inoculated on the cul-
ture plates with SDA medium with the use of a
plate spreader. Cultured for 5 days at 25 °C.Trials
with the tested material were carried out: 3 discs
soaked with the tested adhesive were placed on a
given plate. The bacteria plates were incubated
for 48 h at 37 °C, while the Candida albicans
plates were incubated for 5 days at 25 °C. After
this time, the results were read.

Keywords: pressure-sensitive adhesives, self-
adhesives tape, bacterial and fungal properties
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Abstract:

Blueberries (Vaccinium spp.) are an important
food source of vitamins, anthocyanins, and anti-
oxidants. The global consumption demand is
riseing and it is forseen the same trend in the
following years. However, fruit post-harvest life
is relatively short and is subjected to decay and
mechanical damage. Other organisms, such as
fruit flys also cause fruit damage.

Drosophila suzukii, so called the spotted wing
drosophila, originates from Asia. However, in
Europe and America, it is becoming a severe
pest concern of soft fruits such as strawberries,
raspberries, and blueberries. The D. suzukii lays
its eggs in fresh and healthy fruits, and its de-
veloping larva then damages the fruits directly.
The wounds from the oviposition of eggs can
also cause the colonization of secondary patho-
gens, which indirectly causes the damage of
fruits.

Cold plasma technology is slowly gaining its
way to the field of agriculture. It has potential
use in the decontamination technologies of food,
fruits, and seeds. Our research addressed the
increasing problem of D. suzukii infections of
blueberries. The fruits were infected with D.
suzukii and later exposed to different cold plas-
ma treatment conditions. The X-ray photoelec-
tron spectroscopy (XPS) confirmed chemical
changes on the blueberry surface after plasma
treatment. After plasma treatment of berries, the
samples were incubated and examined for the
presence and number of adult fruit flies and
pupae. The preliminary results show that treat-
ment of blueberries with oxygen plasma could
be used for the successful decrease in number of
D. suzukii adult flies and pupae formation in
blueberry fruits.

Keywords: Drosophila suzukii, spotted wing
drosophila, pupae cold plasma, blueberries,
decontamination, XPS, chemical changes
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Figure 1: Shematic representation of the re-
search, where Drosophila suzukii infected blue-
berries were exposed to cold plasma discharge.
Plasma-treated samples exhibited a decrease in
the number of adult fruit flies after the incuba-
tion period compared to untreated samples.
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Deposition of microencapsulated essential oil extracted from Neem
seeds on the surface of plasma pretreated cellulose knitwear
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Abstract:

In this paper, microencapsulation of Neem essen-
tial oil (Azadirachta indica) was carried out by
solvent evaporation technique. Cellulose knit-
wear was treated with Neem essential oil, which
has a wide range of antibacterial properties. Be-
fore treatment, cellulose knitwears were pre-
treated with oxygen and argon low-pressure cold
plasma under defined conditions. The synthe-
sized microcapsules were applied to the textile
material by a spraying method. Surface analysis
of treated samples were done by FE-SEM micro-
scope, while the microbiological tests by Agar
diffusion.

Microencapsulation has proven to be a success-
ful, environmentally friendly and economically
viable technology for commercial application in
the pharmaceutical, agrochemical industries, and
more recently in the textile industry [1]. It repre-
sent the most effective way to store a substance,
as it allows controlled release of the active ingre-
dient. Essential oils are evaporative, natural and
complex ingredients characterized by a strong
odor. They originate from aromatic plants as sec-
ondary metabolites [2]. Essential oil extracted
from Neem seeds has a broad spectrum of anti-
bacterial activity against gram-negative and
gram-positive microorganisms, and also shows
an inhibitory effect on the growth of various
pathogens, including bacteria, fungi and viruses
[3]. Due to the increasing environmental de-
mands imposed by modern textile technological
processes, great importance is attached to envi-
ronmentally friendly treatments. Special interest
in the application of plasma technology in the
textiles material science has been noted in the last
two decades, especially in the processes of the
textile surface modification and finishing, to ob-
tain multifunctional textile products [4].

Keywords: Neem essential oil, microencapsula-
tion, plasma pretreatment, textile materials.
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Figure 1 F E-SEM images of synthes1zed micro-
capsules (1000 and 5000 x magnifications)
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Abstract:

Plant diseases cause huge losses in the agricul-
tural sector every year [1]. Fighting phytopatho-
gens with the use of pesticides is not ideal due
limited number of targeted microorganisms and
toxicity. Application of cold atmospheric pres-
sure plasmas (CAPPs) might be a solution to this
need. Antibacterial and plant growth stimulating
action of CAPPs results from the generated UV
radiation in addition to reactive oxygen and ni-
trogen species.

The aim of this study was to examine antibacte-
rial properties of a direct action of a dielectric
barrier discharge (DBD) plasma against Dickeya
and Pectobacterium spp. inoculated on glass
sphere models or mung bean seeds. Besides, the
influence of DBD plasma action on the germina-
tion and growth of mung bean seeds was investi-
gated. Helium was used as discharge gas. The
DBD exposure lasted from 1 to 5 min, depending
on the conducted experiment.

In terms of eradication of phytopathogens from
glass spheres, the noted reductions in CFU ml™!
exceeded 99.93% (3.16 log) (Figure 1). Concern-
ing elimination of bacterial cells from mung bean
seeds, reductions over 99.91% (3.07 log) were
observed. Due to the application of optical emis-
sion spectrometry (OES), transmission electron
microscopy (TEM), and confocal laser scanning
microscopy (CLSM), we found that the gener-
ated reactive oxygen and nitrogen species
(RONS) probably led to the denaturation and ag-
gregation of DNA, proteins, and ribosomes. The
cellular membrane disrupted, leading to an out-
flow of the cytoplasm from the DBD-exposed
cells. 2 min DBD plasma treatment stimulated by
3-4% seed germination rate and by up to 13.4%

subsequent early growth of seedlings. Negative
effects of 4 min DBD action were noted shortly
after the treatment, however these effects were no
longer observable or reduced to 9.7% after the
extended incubation periods.

It was proven that the direct DBD plasma treat-
ment can be an efficient tool to fight bacterial
phytopathogens without impeding plant growth.
Broad application of this technology into agricul-
ture can be foreseen due to its eco-friendliness
and antimicrobial potency. As artificial plasmas
can be generated with the use of various types of
electric discharges, further modifications and op-
timization of this method would allow for scal-
ing-up this technology. [2]

Keywords: cold atmospheric pressure plasma,
CAPP, dielectric barrier discharge plasma, DBD,
non-thermal plasma; Pectobacteriaceae; soft rot
erwinias; plant protection; agriculture; Vigna ra-
diate; mung beans
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Figure 1: Inactivation efficacy of soft rot Pecto-
bacteriaceae from mung bean seeds with the use
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of dielectric barrier discharge as the nonthermal
atmospheric pressure plasma source. Time of the
exposure of inoculated seeds to DBD plasma
was 2 min. Percentage reductions in the amount
of colony-forming units (CFU) per milliliter of
Ringer buffer were shown. Either 0.5, 0.05 or
0.005 McF bacterial suspension had been used
for inoculating disinfected mung bean seeds.
Means =+ standard errors are depicted. D. solani
IFB0099, P. atrosepticum 1IFB5103, and P. ca-
rotovorum 1FB5118 strains were used. DBD—
dielectric barrier discharge; McF—McFarland
scale; SRP—Soft rot Pectobacteriaceae) [2]
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Slip Resistance Improvement for Shoe Outsoles through Atmospheric-
Pressure Plasma Treatments
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Abstract:

Accidental slips and falls are among the main
causes of injury and death in work places.!"
Therefore, the slip resistance of shoe outsoles is
fundamental to prevent these accidents and pre-
serve the safety and health of the user. In our pre-
vious work, surface activation and plasma-
polymerization of coatings by an atmospheric-
pressure plasma jet (APPJ) system were proved
successful for promoting the adhesive properties
of outsole materials.** Thus, the bonding
strength between the vulcanized rubber of the
outsole and the leather of the upper part of the
shoe was improved. In the current study, activa-
tion treatments with air and N, plasma jets using
different combinations of process parameters, as
well as coatings of different plasma-polymerized
liquid precursors, were used for improving the
slip resistance of styrene-butadiene rubber
(SBR), which is a commonly used material for
manufacturing outsoles. The effects of the treat-
ments in the sliding resistance of the SBR were
evaluated by measuring the friction coefficient of
untreated and treated SBR samples in tribological
tests using a steel ball as the sliding counterpart
(Figure 1a). The higher the friction coefficient,
the greater the slip resistance. The best of the ac-
tivation treatments, which used N to generate the
plasma jet, achieved an increase of 24.6% in the
friction coefficient of the SBR. On the other
hand, an increase of 33.3% in the friction coeffi-
cient of the SBR was achieved by a coating of
plasma-polymerized acrylic acid, which gave the
best results in this study (Figure 1b). According
to the results of the tribological tests and phisico-
chemical characterizations, the studied treat-
ments could improve the slip resistance of the
SBR in two ways: (1) roughening the rubber sur-
face through an etching effect of the plasma, and
(2) incorporating polar groups to the surface
chemistry.

Keywords: slip resistance, friction coefficient,
tribology, atmospheric-pressure plasma jet, acti-
vation, plasma-polymerization, footwear
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Figure 1: (a) Tribological test setup and close

view of the contact between the steel ball and an

SBR sample, (b) friction coefficient graphs of

untreated SBR and samples with the best activa-

tion and plasma-polymerization treatments.
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Tribological Performance of 2D Nano-coated Steel Surfaces
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Abstract:

Reducing friction losses and thus wear between
moving mechanical parts in contact with each
other remains one of the significant industrial
challenges of recent years [1]. The synergy be-
tween nanomaterials and industrial lubricant has
shown great promise in addressing this challenge
with reported excellent friction and wear perfor-
mance [2]. However, liquid lubricants may not be
used under certain operating conditions or appli-
cations (e.g. high temperature or vacuum).
Therefore, the solid self-lubrication of two-di-
mensional (2D) nano-additives as metal rein-
forcement coatings presents itself as a very inter-
esting alternative [3]. Moreover, nano-coatings
would be a solution to the current demand for en-
ergy efficiency and help reduce the production of
waste oil.

Among the 2D nanomaterials, graphene (GNP)
and hexagonal boron nitride (h-BN) stand out as
protective coatings due to their layered structure
and excellent chemical resistance, barrier proper-
ties, impermeability together with thermal stabil-
ity. Thus, to explore their potential in improving
steel's friction and wear resistance, films of GNP,
h-BN and a heterogeneous structure of both (h-
BN/GNP) were deposited on mild steel by spray
coating method combined with post-heat treat-
ment. The thickness and composition of the coat-
ings were analysed using scanning and transmis-
sion electron microscopy (SEM and TEM). The
friction pure sliding tests to evaluate the tribolog-
ical capability of the coatings compared with
bare steel were performed using a ball-on-disc
tribometer under dry and lubricated conditions.
The wear produced on the coated substrates was
analysed by 3D optical profilometer. In friction
tests with sliding steel-steel tribo-pairs under dry
conditions, graphene-containing decreased the
coefficient of friction and wear area by 21% and
31%, respectively. The h-BN-graphene hetero-
structure exhibits more anti-wear properties than
stand-alone 2D materials (Figure 1). This re-
search suggests that this sort of nano-coating has
the potential to improve the tribological perfor-
mance of steel-steel tribo-pairs.

Furthermore, this study has revealed the out-
standing friction and wear resistance of these

nano-coatings and the possibility of nano-coat-
ings with an extraordinary anti-corrosion oxida-
tion resistance potential.

Keywords: Graphene Nanoplatelets; Hexagonal
Boron Nitride; Coating; Friction; Wear.
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Figure 1: Wear cross-section profiles produced
on the steel substrates after the lubricated friction
sliding tests for the uncoated and coated samples.
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Abstract:

Tribochemical wear that causes atomic attrition
before material yield has attracted lots of atten-
tion due to its critical role in ultra-precision man-
ufacturing, micro-electromechanical system
(MEMS) and reliable microscopy.' As a chemical
means or processes initiated from contact inter-
face, the potentiality of tribochemical reactions
must be determined by the states of treated sur-
face and the external energy (such as mechanical
energy and electric energy).' Further understand-
ing of regulating tribochemical reactions could
provide insights into reducing friction and wear
(in MEMS applications) or improving machining
efficiency (in nanomanufacturing).

By using an atomic force microscope with an
electrochemical cell (EC-AFM, Bruker, Icon),
the tribochemical removal between SiO, micro-
sphere and silicon surface was conducted in elec-
trolyte solution (3% wt.% sodium chloride solu-
tion), as shown in Figure 1. During the tests, the
displacement amplitude was set as 500 nm, the
sliding velocity was 2 um/s, and the applied volt-
age was constant at 1.5 V.

Different from mechanical removal processes in-
volving abrasion, fracture, or plastic deformation,
the tribochemical wear relies on the shear-in-
duced hydrolysis reaction of Si substrate with ex-
isting water molecules in the sliding environment.
Quantified wear results on silicon surface indi-
cates that tribochemical removal rate follows the
Arrhenius kinetics law depended on the stress-as-
sisted chemical reactions which is described as a
thermally activated atom-by-atom removal pro-
cess with the lower energy barrier reduced by ex-
ternal mechanical energy. Tribochemical wear
(~4 x 10* kcal/mol) consumes only 5.6% dissi-
pated energy of mechanical wear case (~7 x 10°
kcal/mol), which is attributed to the reduced en-
ergy barrier of Si—Si bond breakage and no lattice
distortion underneath the machined area. And
this value is further reduced by introducing elec-
trochemistry. Figure 2 shows the simplified en-
ergy coordinate along the dissociation of Si—Si

bond at silicon substrate. Tribo/Electrochemical
reactions induced by applied mechanical/electri-
cal energy promote the wear rate by reducing the
energy barrier: Ea = EThermal - ETribochemistry - EElectro-
chemistry, through lowering the activated energy
and increasing the initial energy, respectively.

Keywords: Material removal; Silicon; Tri-
bochemistry; Electrochemistry;
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Figure 1: Schematic illustration of the tribochemical
removal on silicon surface against a silica microsphere
(R~ 1 um) attached to an AFM cantilever in EC-AFM

system.
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Figure 2: Schematic energy diagram along the re-
action coordinate leading to the dissociation of
Si—Si bond at silicon surface with the assistant of
tribochemical and electrochemical reactions.
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Abstract:

In many fields of industry, abrasion and erosion
processes are dominant wear mechanisms that re-
duce lifetime of machine parts. Because of that,
abrasion and erosion resistance must be taken
into consideration due to coating wear over time
which leads to premature corrosion and material
breakdown. Coatings based on epoxy primers
provide superior mechanical properties, such as
hardness, durability, resistance to impacts, wear,
and chemicals while maintaining exceptional ad-
hesiveness, thus providing great protection in dif-
ferent corrosive environments. However, epoxy
layers exposed to sun are prone to chalking due
to the action of ultraviolet (UV) rays dissolving
the binder. Because of that, polyurethane (PUR)
topcoats are applied due to their high chemical
durability, low vapour permeability, resistance to
solutions, protecting epoxy layers from UV rays
with appealing gloss and appearance. Due to high
abrasion, impact, and UV resistance, the defined
coating system has proven to be an excellent cor-
rosion and wear protection solution for top decks,
exposed areas of car parks, exterior ship surfaces,
sun decks, helipads, balconies, and offshore plat-
forms. Also, coatings must have a low environ-
mental impact. More and more drastic environ-
mental regulations aiming to reduce the emission
of volatile organic compounds (VOC) in the at-
mosphere have led to developing water-based
solvent coatings which are increasingly used.
In this paper, water-borne and solvent-borne
coating systems, with and without zinc in the pri-
mer, dried by infrared (IR) radiation (Figure 1)
and under atmospheric conditions were studied.
To assess these differences, abrasion, erosion,
hardness, and adhesion tests of the coating were
performed. Anti-corrosion performance of the
coatings was characterised using a salt spray
chamber. Zinc rich (Zn-R) coatings showed bet-
ter tribological properties, with IR-dried coating
systems displaying higher abrasion resistances.
Solvent-borne coatings exhibited better corrosion
properties than water-borne coatings when ex-
posed to accelerated corrosion test in salt spray
chamber. Both IR and air-dry coating curing
technologies achieved adequate results with the

difference of IR significantly reducing drying
time.

Keywords: abrasion, erosion, coating hardness,
coating resistance, IR drying
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system.

——Primer (EP)

Steel surface

References:

1. Liu D., Zhao W, Liu S., Cen Q, Xue Q
(2015) Comparative tribological and corro-
sion resistance properties of epoxy compo-
site coatings reinforced with functionalized
fullerene C60 and graphene, Surf. Coat.
Technol., 286, 354-364.

2. LiJ., Chen P., Wang Y. (2020) Tribological
and corrosion performance of epoxy resin
composite coatings reinforced with gra-
phene oxide and fly ash cenospheres, J.
Appl. Polym. Sci., 138.

Page 228



SICT 2022 / Plasma Tech 2022 / Tribology 2022 Joint Hybrid Conferences Book of Abstracts

Nonlinear Dynamic Analysis of Slot-Type Externally Pressurized Air
Bearing System

C.C. Wang
Graduate Institute of Precision Manufacturing, National Chin-Yi University of Technology, Taichung,
Taiwan

Abstract:

Slot-type externally pressurized air bearing
(SEPAB, Figure 1) systems have been exten-
sively used for a variety of mechanical engineer-
ing application, and potential for use in high-ro-
tational speed, high stiffness, and high-precision
instrumentation. SEPABs have two major ad-
vantages including the air supply externally and
slot restrictor design, and also provide multi-di-
rectional supporting forces and higher stiffness to
increase the greater rotational stability. However,
under certain operating conditions, SEPAB sys-
tems exhibit non-periodic or chaotic motion as
the result of a nonlinear pressure distribution
within the gas film, gas supplied imbalances, an
inappropriate design, and so forth. So, in order to
understand and control when the bearing system
occurs non-periodic motions and under what kind
of operating conditions, the dynamic response of
the SEPAB system are analyzed by using differ-
ent numerical methods, namely a perturbation
method and a hybrid numerical scheme combin-
ing the finite difference method and the differen-
tial transformation method. The key perfor-
mances of SEPAB obtained by these two meth-
ods are compared and verified. The dynamic be-
havior of rotor center in SEPAB are examined
under different operating conditions by bifurca-
tion diagram(Figure 2), Poincaré maps, power
spectra and maximum Lyapunov exponents
(MLE) etc. Changes in the operated parameters
produce various vibration behaviors in the hori-
zontal and vertical directions of rotor, including
periodic, subharmonic, quasi-periodic and cha-
otic motions. In particular, when the rotor mass
is high, the bearing system exhibits unstable non-
linear chaotic behavior. The major contribution
of this study is its finding that the rotor mass and
bearing number influence the stability of SEPAB
system. Furthermore, this study confirmed that
the rotor exhibits chaotic behavior for specific
ranges of the rotor mass and bearing number. The
MLE is a key index for defining stable and unsta-
ble regions (nonchaotic and chaotic regions, re-
spectively) for the SEPAB system over various
values of the rotor mass and bearing number. The
research results can be used as an analysis refer-
ence and important basis for avoiding unstable

nonlinear behaviors in SEPAB system design and
application.

Keywords: slot-type externally pressurized, air
bearing, chaotic motion, bifurcation diagram,
Poincaré maps, power spectra, maximum Lya-
punov exponents
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Figure 1: Structure of slot-type externally pres-
surized air bearing.
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Figure 2: Bifurcation diagrams of the rotor cen-
ter in the SEPAB system for different masses and
a bearing number of 3.0.
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Characterization and simulation of tribological behaviour for
WC spherical sufaces with AITiSiN coating
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Abstract:

Nowadays there is a greater demand for
treatments and coatings that improve
performance and increase the useful life of work
tools used in various industrial applications.
Through this study it is intended to replicate the
machining of difficult-to-machine materials
such as titanium or stainless steels using coated
WC balls that simulate the work of tools.This
work analyzes the improvement of the
tribological properties of AITiSiN coating
deposited by PVD on spherical tungsten carbide
surfaces and adds a finite element simulation to
confirm the wear theory. Friction and wear tests
were carried out by using a ball-on-disk
tribometer and an optical profilometer (Figure
1). Scanning electron microscope technique
(SEM) were employed to measure the
stoichiometry and thickness of the different
films. The products of wear and tear generated
by the interaction of the test materials were
measured by EDS. The results point that
AITiSiN coating increase sigificantly the wear
resistance versus differents materials like 3161
stainless steel and Titanium.

Keywords:

PVD, Hard coatings,Tungsten carbide,
Titanium, Micro hardness, Wear, Friction,
Tribology, Simulation, Finite elements.

Figure 1: Figure illustrating the wear of a spher-
ical surface carried out by a pin on disc experi-
ment. The ball is coated by a WC layer and the
plate used in front is raw titanium. The rendering
has being made with a confocal microscope by
SENSOFAR S.L.
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Abstract:

The pressure imposed in the glass mould industry
by the glass container manufacturers led in the
last decade to a research and development activ-
ity that seeks to solve the various problems that
have prevented a greater penetration of the glass
moulds producers in the national and interna-
tional market. The state of relatively low devel-
opment in these companies, when this updating
process began, quickly led to the conclusion that
the solutions found as the main concerns of the
companies created other problems, difficult to
anticipate in the first analyses, that have pre-
vented their implementation at industrial level.
If surface engineering allowed to overcome and
solve the rapid degradation of the surfaces of the
moulding tools involved in the moulding process,
which due to the direct contact with melted glass
are subject to severe conditions of abrasion, cor-
rosion, oxidation and thermal fatigue at high tem-
peratures, it has not been able to solve (and in
certain way, aggravated) the problems of temper-
ature heterogeneity in the moulding surfaces and,
consequently, the manufacture of defective glass
containers. In addition, the costs involved with
the use of the new mould solutions, due to both
the new selected base materials and the applied
coatings, created a new challenge that involves
the necessary reduction of the final price of the
moulds.

This study is focused on the development of sur-
face engineering solutions based on sputtering
technology — PVD, by depositing of thin films
with good mechanical and tribological properties
at high temperature on mould surfaces for glass
industry, which could support the harsh condi-
tions of use and increase durability relative to the
state-of-the-art solutions. Within the frame of
this work, transition metals were added to Tita-
nium Nitride-based hard coatings during the dep-
osition by DC magnetron and optimized to be
with two different structure configurations: mon-
olayer and multilayer. The coatings with multi-
layer architecture are an alternate option for high-
temperature use, due to its low coefficient of fric-
tion and self-lubrication properties. Thus, tribo-
logical tests were performed in a tribometer at
room temperature and 600°C, in order to compare

their wear rate, friction coefficient and global
performance under severe conditions, allowing to
predict their capability to increase tool lifetime
when exposed to abrasive and corrosive environ-
ments. It’s expected that the results could be a
good indicator of the coatings behavior during
the production process of bottles and its effi-
cency, thus achieving two main objectives: re-
duce the cost of production and increase the en-
ergy efficiency due to carbon footprint reduction.

Figure 1: SEM image of multilayer coating pro-
duced by PVD sputtering.

Keywords: Hard-coatings, glass packaging,
moulds, wear resistance, energy efficiency.
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Abstract:

Increasing the lifetime of cutting tools involves
optimizing the respective management system
used in the manufacturing industry, based on
chip-start cutting technology. Given the cost of
producing such tools, the solution lies in the sus-
tainability of the processes, as well as tool condi-
tion monitoring (TCM) of the wear level on the
tools, reducing their environmental impact
through early disposal. The rapid wear of tools
during dry machining presents an opportunity for
the adoption of adaptative coatings, through vac-
uum magnetron sputtering technologies. These
coatings have wear and oxidation resistance
properties and low friction at high temperatures,
without lubricants during the cutting process. Ti-
SiN coatings were developed with the addition of
different concentrations of lubricant solid-phase
agents, such as Ag or V, thus being self-lubricant
coatings. For that reason, the TiSiN matrix acts
as an anti-diffusion barrier of the lubricant soft
phase element, preventing the rapid wear of the
coating. These coatings were evaluated for their
performance in dry machining tests on CK45
steel, in a laboratory environment using an auto-
mated computer control- CNC machine. Along-
side these tests, the wear level of such coatings
was monitored continuously and in real-time,
based on optical characteristics and resistivity
changes in the developed thin films. The addition
of solid lubricant elements contributes to the
wear reduction on cutting tools, proven by the
tests carried out, thus increasing the lifetime of
tools.

Keywords: Life cycle, Cutting tools, Stock man-
agement, Magnetron sputtering, Thin films sen-
sorization, Tribology, Self-lubricant at high tem-
peratures, Hard nitride coatings.

Figure 1: Cutting tool edge coated with Ti-
SiN/TiSiVN during dry machining of CK45.
Tool condition monitoring of the cutting edge to
evaluate the performance of the tool.
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Abstract:

A billet is a bar made from crude steel which sur-
face contains scales which are rich in iron oxides.
This study presents the carbothermal reduction of
the scales formed in steel billets. The process in-
cluded the reaction of the iron oxides contents
with carbon (in ratio 5:1) and annealing in a tub-
ular furnace under argon atmosphere. The oc-
curred reactions are discussed using thermody-
namic calculations and thermal analysis which
indicate a three-stage reduction process
Fe’0*>FeO — Fe’C —a-Fe with intermediate
reactions at the interval temperature 960 and
1300 °C. The X-ray diffraction confirms the re-
duction to a-Fe with minor presence of unreacted
C, magnetite and wustite. Mdssbauer spectros-
copy analysis was performed at room tempera-
ture where a typical sextet corresponding to the
dominant a-Fe is shown as well as wustite, mag-
netite and cementite to a lesser extent. The mag-
netization measurements confirm the ferromag-
netic state corresponding to the a-Fe.

Keywords: Mill scales, Steel billets, continuous
casting process, steel industry, Mossbauer spec-
troscopy, Carbothermal reduction, X-ray diffrac-
tion.
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Figure 1: a) Thermogram (TG — DTG/DSC) and
b) zoomed DSC curve of the carbothermal re-
duction process of mill scales formed on steel
billets. The most possible reaction equations are
written per stage.
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Abstract:

In the last step of the steelmaking process, known
as continuous casting, the mill scale is formed on
the surface of the steel billet during the quench-
ing. The mill scales present an exterior layer of
hematite, an intermediate layer of magnetite and
an inner layer of non-stoichiometric wiistite
which is the predominant phase [1,2]. The study
of mill scales surface morphology and layers are
important to understand the iron oxides formed
on the surface of the steel. This work presents the
advances in the surface analysis of mill scales, in
the image taken by Scanning Electron Micro-
scope (SEM) reveals particles about 100 pm di-
ameter and the morphology of the mill scales pre-
sent a rough surface (Figure 1). The elemental
composition by Electron Dispersive X-ray and
X-ray Fluorescence shows Fe (72.8 wt%, 97.9 %)
as the major constituent and other elements such
as Mn, Co, Cu, Si and Ca in minor concentration
(~<1%) [3]. The crystallographic phases detected
by X-ray Diffraction are, as mentioned above,
wiistite as the principal phase followed by mag-
netite and hematite. Other technics are applied to
complement the study are Mossbauer Spectros-
copy and Magnetometry measurements.

Keywords: Mill scales, Steel billet, Continuous
Casting, Iron Oxides, SEM, EDS, XRF, XRD.

Figure 1: SEM micrograph showing particles
about 100 pm diameters and the morphology of
the mill scales present a rough surface, the sam-
ple was obtained during quenching of steel bil-
lets in the continuous casting.
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Abstract:

Due to the structural suitability of HRB335
steel commonly used in the construction
industry [1], it is necessary to perform a
superficial and structural analysis to
determine the presence of irregularities
which can develop stress concentration and
preferential spots for corrosion, generating a
decrease in its mechanical properties [2—4].
It is necessary to mention that this steel has
a particular processing since it has been
produced from the black slag of an electric
arc furnace through carbon reduction
processes [5] and powder metallurgical
shaping by extrusion and sintering.
Therefore, physical characteristics such as
the degree of porosity and second phase
components must be considered. These
HRB335 steel rods were measured using X-
ray diffraction and Mdssbauer spectroscopy
[6, 7]. The results show that a-Fe is the main
crystallographic phase revealed by X-ray
diffraction and >’Fe Mdssbauer spectroscopy
taken at RT and 50 K. Additional studies
include Scanning Electron Microscopy and
Optical Micrography.

Keywords: HRB335 steel, steel rods, SEM,
Optical micrography, X-ray diffraction,
Mossbauer spectroscopy

(a) (b)
Figure 1
Microstructure of the cross section of
HRB335 steel rod, (a) Ferrite matrix with

amount of second phase in Optical
micrograph image. (B) Second phase
containing carbon, carbide, Mn, and Si in
SEM analysis.
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Abstract:

Steel is one of the most common material used in
engineering since due to its applications and
interesting properties such as hardness, wear
resistance, corrosion resistance, ductility and
others. In addition to the bulk properties, its
surface morphology also plays a role during the
steel applications (e.g. corrosion, oxidation
resistance and so on). During the last years the
demand of to produce steel has been increased.
For that reason, recycling wastes from
steelmaking process such as dust, oxides, scales
and slags result has been turned to an important
alternative to eclaborate new steel [1,2]. For
example, during the rolling process of steel, oxide
scales are produced in the surface of the billets
due to oxidation at high temperatures. We have
collected this rolling billets scales, reduced its Fe
content and elaborated new Q235 steel rods.
Q235 steel presents qualified properties that
make it a good option for its applications, some
of their properties are good corrosion resistance,
good tenacity, good resistance and good
weldability [1,3,4]. In this work, we characterized
the surface morphology of the recycled Q235
steel rod in order to find possible pores, oxides
and impurities that can affect the properties and
performance rod. Figure 1 shows a SEM
(Scanning Electron Microscopy) micrograph
presenting an inclusion known as silicide. This
type of inclusion improves the resistance of the
steel without affecting significantly the ductility
[5]. Addition analysis include metallography,
fractography, X-ray diffraction and Mdossbauer
spectroscopy.

Keywords: Q235 steel, metallography, SEM,
fractography, X-ray diffraction, Mdssbauer
spectroscopy

Figure 1: Photo taken using SEM technique. The
phase in the red rectangle corresponds to the
presence of silicide in the Q235 steel rod
elaborated from rolling billet scales
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Morphological and Mineral characterization of Mill Scales
obtained by rolling process
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Miranda', M.1. Valerio-Cuadros'?, A. Bustamante Dominguez', L. De Los Santos Valladares
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% Department of Technologies Commercialization, L.N. Gumilyov Eurasian National
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Abstract:

Mill scale is a by-product of steel generated
by the final processes of steel production as
a product of surface oxidation of steel due to
a thermal gradient, a corrosive environment
or the simple action of time [1, 2]. In this
work we study the morphology and
mineralogy of mill scale generated during
the hot rolling process of steel in order to
understand their formation on steel surfaces.
Adapted scanning electron microscopy with

energy dispersive X-rays (SEM-EDX)
detects as main chemical elements Fe and O;
and Si, S, Ca, Mg, C and Al as the minimum
elemental  composition. The  XDR
measurements reveals a-Fe203 (hematite)
and Fe304 (magnetite) as the predominant
mineralogical phases. Additional
measurements  such as  Mdssbauer
Spectroscopy reveals the presence of
wustite.

Keywords: Mill Scales, Oxidation, Morphology, Steel.
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(b)
SEM micrographs of mill scales obtained by industrial rolling mill steel: (a) morphology and (b)
EDX mapping.
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Hydrophobic concrete based on hydrophobic sand

Seralin A., Kurbanova A., Khassenova T., Ualibek O., Sugurbekova G., Toktarbaiuly O.
National Laboratory Astana, Nur-Sultan, Kazakhstan

Abstract

One of the main enemies of any concrete in
environmental conditions, affecting on its
properties and durability is the water. The rainwater
from acidic rains may penetrate inside of the
structure and expose the concrete to more early
degradation. That is why there are exist a series of
methods how to protect the concrete from water
action.

In this research, we synthesized the hydrophobic
sand via patented technology and implemented the
concrete forms in order to obtain hydrophobic
concrete stable not to absorb the water and
moisture. For comparison we also prepared several
samples based on other hydrophobizators like
silicon oil, motor oil and measured the strength of

obtained forms.

a) treated hydrophobic sand used

Maximum loads, kN

50

1 2 3 4 5 6 7 8 9 1011 12 13

Hl m2 m3 m4 m5 m6 m7

HS EH9 ml0ml1lmi12mi13

b) regular sand used

Max

Sample Ne loads, kN

-- Control (cement+sand+water)
*

-- Control (cement+sand+water)
3% R0i4 T silicon oil *

B 55196 silicon oil
-- Hydrophobic sand *
N S R ubber-+Silicon oil *
N B R ubber+Silicon oil

Motor oil (non-used) *

Motor oil (non-used)
--Used motor oil, 5% *
--Used motor oil, 5%

12%* 21.06 Used motor oil, 2.5% *
13 22.2 Used motor oil, 2.5%

* - sample was treated during 2 hours in water and
hold 20 h at -30 °C

Description
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A microfluidic non-thermal plasma reactor equipped with inline emis-
sion spectroscopy.

P. Roszkowska !, A. Slater !, J. Walsh %, A. Dickenson?, T. Easun *

! Department of Chemistry, University of Liverpool, Liverpool, UK
? Centre for Plasma Microbiology, Department of Electrical Engineering and Electronics, University of
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3 School of Chemistry, Cardiff University, Cardiff, CF10 3XQ, UK

Abstract:

Every chemical reaction relies on electrons: sup-
plying a controlled source of energetic electrons
is a fundamental route to controlled chemical
transformations. Non-Thermal Plasma (NTP) is a
source that provide with high energy electrons
and other reactive species whilst remining at
moderate temperature.[1] If NTP could be pro-
duced and mixed with a liquid in a controlled way
it would be ideal for assisting/conducting chemi-
cal reactions. However, many current methods of
studying interactions between plasma and liquid
do not give sufficient time or spatial resolution to
track and identify the complex and short-lived
species involved.[2, 3] Additionally, many exist-
ing NTP reactor designs have drawbacks such as
solvent evaporation and lack a profound under-
standing of the underpinning mechanisms re-
sponsible for the observed chemical reac-
tions.[4]. Also, the majority of studies about
NTP-liquid interaction were done with water,
which severely restricts the applicability of the
findings for chemistry purposes.[5] Here, we de-
tail the construction of a microfluidic reactor ca-
pable of running chemical reactions using NTP.
In our experiments we observed NTP in contact
with dichloromethane (DCM), chloroform and
water. We recorded the spectra emitted by
plasma in contact with those solvents using mi-
crofluidic chip with in-situ Optical Emission
Spectroscopy (OES) device. Furthermore, we de-
signed a setup that allows batch comparison of
any study performed in our microfluidic setup.
The batch device is very easily setup and allows
for reactions under inert atmosphere.

This study illustrates the vast potential that NTP
can offer in chemical reaction. Our next step is to
evaluate a range of selected chemical reactions to
determine how they can benefit from NTP tech-
nology.

Keywords: Non thermal plasma, chemistry, mi-
crofluidics, green chemistry, non thermal plasma
in contact with liquid, non thermal plasma liquid
activation, OES, NTP technology.
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Figure 1: Figure illustrating the NTP microflu-
idic reactor with in-situ OES device (top) and
emission spectra of plasma on contact with chlo-
roform, DCM and water.
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Remotion of the degraded coating of the polymer injection moulds for
their reuse.
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Abstract:

In the plastic/polymers injection industry, the
moulds must be in perfect condition to secure
efficient production. However, the self-
lubricating coating thickness is expected to
reduce with the continued manufacture of pieces,
degrading the functional surface of the moulds.
For the reuse of the mould substrate, a new
functional coating will be needed to be deposited,
increasing the mould lifetime. Still, this new
coating deposition can only occur after the
remotion of the degraded one.

Several examples of using laser technology to
remove coating could be found. Yet, the majority
of these coating is paint or oxide.

A study of the implementation of the laser
technology to remove the functional coating of a
mould was addressed, (Fig.1) the coating is the
type of TiN, that absorbs radiation of Fiber laser.
The optimization of the laser parameters such as
power, frequency, scan speed, etc, is required to
remove efficiently the coating and prepare the
substrate, like their surface roughness, to receive
the new coating by PVD, without modifying the
dimensions of the mould or else the pieces
produced by those could not pass by the quality
control checks. The results show the efficiency of
the first trials to prove the concept for coating
removal without damaging the mould.

Keywords: Fiber Laser; functional coating re-
moval; injection moulds, roughness, PDV depo-
sition, coating removal

Before Laser After Laser

Coating

Figure 1: Figure illustrating of the methodology
for the coating removal, by laser.
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