
Plasma Technology for Hyperfunctional
Surfaces

Food, Biomedical and Textile Applications

Edited by
Hubert Rauscher, Massimo Perucca, and Guy Buyle





sheeba
9783527630462.jpg





Plasma Technology for Hyperfunctional
Surfaces

Edited by
Hubert Rauscher, Massimo Perucca, and
Guy Buyle



Related Titles

Kawai, Y., Ikegami, H., Sato, N., Matsuda,
A., Uchino, K., Kuzuya, M., Mizuno, A.
(eds.)

Industrial Plasma Technology
Applications from Environmental to
Energy Technologies

2010

ISBN: 978-3-527-32544-3

Heimann, R. B.

Plasma Spray Coating
Principles and Applications

2008

ISBN: 978-3-527-32050-9

Hippler, R., Kersten, H., Schmidt, M.,
Schoenbach, K. H. (eds.)

Low Temperature Plasmas
Fundamentals, Technologies and
Techniques

2008

ISBN: 978-3-527-40673-9

d’Agostino, R., Favia, P., Kawai, Y.,
Ikegami, H., Sato, N., Arefi-Khonsari, F.
(eds.)

Advanced Plasma Technology

2008

ISBN: 978-3-527-40591-6

Smirnov, B. M.

Plasma Processes and Plasma
Kinetics
580 Worked-Out Problems for Science and
Technology

2007

ISBN: 978-3-527-40681-4



Plasma Technology for Hyperfunctional
Surfaces

Food, Biomedical and Textile Applications

Edited by
Hubert Rauscher, Massimo Perucca, and Guy Buyle



The Editor

Dr. Hubert Rauscher
Institute for Health and Consumer
Protection
European Commission
Joint Research Centre
Via E. Fermi 2749
21027 Ispra (VA)
Italy

Dr. Massimo Perucca
Environment Park S.p.A.
Clean NT Lab
Via Livorno 60
10144 Torino
Italy

Dr. Guy Buyle
Centexbel
Technologiepark 7
9052 Zwijnaarde
Belgium

All books published by Wiley-VCH are
carefully produced. Nevertheless, authors,
editors, and publisher do not warrant the
information contained in these books,
including this book, to be free of errors.
Readers are advised to keep in mind that
statements, data, illustrations, procedural
details or other items may inadvertently be
inaccurate.

Library of Congress Card No.: applied for

British Library Cataloguing-in-Publication
Data
A catalogue record for this book is available
from the British Library.

Bibliographic information published by
the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this
publication in the Deutsche Nationalbib-
liografie; detailed bibliographic data are
available on the Internet at
http://dnb.d-nb.de.

 2010 WILEY-VCH Verlag GmbH & Co.
KGaA, Weinheim

All rights reserved (including those of
translation into other languages). No part
of this book may be reproduced in any
form – by photoprinting, microfilm, or any
other means – nor transmitted or translated
into a machine language without written
permission from the publishers. Registered
names, trademarks, etc. used in this book,
even when not specifically marked as such,
are not to be considered unprotected by law.

Typesetting Laserwords Private Limited,
Chennai
Printing and Binding betz-druck GmbH,
Darmstadt
Cover Design Adam Design, Weinheim

Printed in the Federal Republic of Germany
Printed on acid-free paper

ISBN: 978-3-527-32654-9



V

Contents

Preface XV
List of Contributors XIX
List of Contacts XXIII

Part I Introduction to Plasma Technology for Surface
Functionalization 1

1 Introduction to Plasma and Plasma Technology 3
Massimo Perucca

1.1 Plasma: the Fourth State of Matter 3
1.2 Historical Highlights 4
1.3 Plasma Fundamentals 6
1.3.1 Free Ideal Gas 7
1.3.2 Interacting Gas 8
1.3.3 The Plasma as a Fluid 11
1.3.4 Waves in Plasmas 12
1.3.5 Relevant Parameters that Characterize

the State of Plasma 14
1.4 Classification of Technological Plasmas 17
1.4.1 Hot (Thermal) Plasmas and Their

Applications 18
1.4.2 Cold (Nonthermal) Plasmas and Their Applications 19
1.5 Reactive Plasmas 22
1.5.1 Elementary Plasma–Chemical Reactions 22
1.5.2 Elastic Scattering and Inelastic Thomson Scattering: Ionization

Cross-section 24
1.5.3 Molecular Ionization Mechanisms 25
1.5.4 Stepwise Ionization by Electron Impact 26
1.6 Plasma Sheaths 28
1.7 Summary 31

References 31

Plasma Technology for Hyperfunctional Surfaces. Food, Biomedical and Textile Applications.
Edited by Hubert Rauscher, Massimo Perucca, and Guy Buyle
Copyright  2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-32654-9



VI Contents

2 Plasma Systems for Surface Treatment 33
Guy Buyle, Joachim Schneider, Matthias Walker, Yuri Akishev, Anatoly
Napartovich, and Massimo Perucca

2.1 Introduction 33
2.2 Low Pressure Plasma Systems 34
2.2.1 Microwave Systems 35
2.2.1.1 Introduction 35
2.2.1.2 Standard Microwave System for Textile Treatment 36
2.2.1.3 Example: Duo-Plasmaline–a Linearly Extended Plasma Source 36
2.2.1.4 Electron Cyclotron Resonance Heated Plasmas 40
2.2.2 Capacitively Coupled Systems 43
2.2.2.1 Introduction 43
2.2.2.2 Capacitive Coupled Plasma for Biomedical Applications 44
2.2.3 Physical Vapor Deposition Plasma: LARC 45
2.2.3.1 Background 45
2.2.3.2 Cathodic Arc PVD Systems 45
2.2.3.3 Example: Treatment of Food Processing Tools by LARC

PVD System 48
2.3 Atmospheric Pressure Plasma Systems 49
2.3.1 Corona-type Surface Treatment 51
2.3.1.1 Standard Corona Treatment 51
2.3.1.2 Controlled Atmosphere Corona Treatment–Aldyne Treatment 52
2.3.1.3 Liquid Deposition 52
2.3.2 Remote Surface Treatment 54
2.3.2.1 Plasma Sources Used for Modeling 55
2.3.2.2 Example: AcXys Plasma Jet 57
2.4 Summary 58

Acknowledgment 59
References 59

3 Plasma-surface Interaction 63
Domenico D’Angelo

3.1 Introduction 63
3.2 Polymer Etching 65
3.3 Plasma Grafting 66
3.4 Chemical Kinetics 68
3.4.1 Chain Polymerization 68
3.4.2 Plasma Polymerization 70
3.5 Example: Plasma Polymerization 71
3.5.1 Plasma Polymerization of HEMA 72
3.5.1.1 Theoretical Background 72
3.5.1.2 Example: Polymerization of HEMA on PET Fabric 73
3.5.2 Plasma Polymerization of HDMSO 75
3.6 Conclusion 76

References 77



Contents VII

4 Process Diagnostics by Optical Emission Spectroscopy 79
Giacomo Piacenza

4.1 Introduction 79
4.2 Optical Emission Spectroscopy 79
4.2.1 Theory of Optical Emission 80
4.2.2 Spectroscopy 82
4.2.3 OES Bench and Set-up 83
4.3 Optical Absorption Spectroscopy 85
4.3.1 Actinometry 86
4.4 Laser Induced Fluorescence (LIF) 87
4.5 Conclusion 88

References 88

5 Surface Analysis for Plasma Treatment Characterization 91
Amandine David, Yves de Puydt, Laurent Dupuy, Séverine Descours,
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XV

Preface

The principal aim of this book is the promotion and dissemination of knowledge on
plasma technology, underlining its technical applicability, economic sustainability,
and minimal environmental impact. This is illustrated via plasma processes that
are implemented in traditional or innovative industrial applications in the textile,
food packaging and/or processing and biomedical sector. A further objective of this
book is to provide selected application examples and case studies deriving from
the research, development and technology transfer experienced within ACTECO,
a project supported by the European Commission under the 6th Framework Pro-
gramme. The project provided environmentally friendly, economically sustainable
solutions for specific surface functionalities (hyperfunctional surfaces).

This book promotes a broader perspective in the exploitation of plasma technology
by thoroughly evaluating the competitive advantages and limitations leading to a
new concept of eco-design. In this view, components and products are engineered
starting from their functional needs and specifications, rather than from traditional
material choice. In this framework, hyperfunctional surfaces, through sustainable
dry plasma processing may represent a powerful technique to provide added value
via dedicated surface finishing while, at the same time, preserving the beneficial
physico-chemical characteristics of the bulk material. Additionally, plasma surface
processing can overcome the need for complex composite materials or materials
whose specific bulk chemical composition is actually only required at the very
surface (e.g., for wear and oxidation resistance of steels).

As a matter of fact, the performance of materials used in major industrial
applications in the field of health, food, textile, and environment depends very
strongly on the physico-chemical properties of the surfaces. For instance, the very
functioning of several biomedical devices is linked to the ability of their surfaces
to repel proteins and to avoid biofilm formation. Likewise, textiles for clothing and
technical applications are a major target for finishing techniques because imparting,
for example, durable hydrophobicity, hydrophilicity, or oleophobicity is a major
challenge for several applications. Improved recyclable and/or biodegradable food
packaging for a longer shelf life can be realized via more advanced surface barrier
properties, while efficient and safe food processing benefits from components
whose surfaces are treated against wear, corrosion, and heavy metal migration.

Plasma Technology for Hyperfunctional Surfaces. Food, Biomedical and Textile Applications.
Edited by Hubert Rauscher, Massimo Perucca, and Guy Buyle
Copyright  2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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XVI Preface

In general, providing breakthrough competitive and innovative solutions requires
a radical new vision for the development of the technological fields involved. Such
a new vision should stem from cutting edge scientific knowledge (e.g., from latest
progress in nanosciences and nanotechnologies) and be followed by the transfer of
exploitable content into up-scalable, industrial solutions. However, the feasibility
of a specific surface treatment on the laboratory scale does not necessarily imply
its applicability as an industrial process.

For this reason, this book provides a thorough analysis of the developments
made for several applications in the form of case studies, thus delivering the
stepping stones for wider, more industrial take-up. In particular, the selected
examples illustrate that controlling the surface properties has a major impact on
the eco-efficiency of the industrial sectors concerned via the reduction of energy
and water consumption. Industrial solutions are presented to provide control of
adhesion, barrier properties, and wear resistance of materials.

In summary, this book suggests tools and basic knowledge to support the
development of novel, knowledge-based added value products and processes,
also in traditional industries, less dependent on research and technological de-
velopment. Its content has been selected to stimulate process design based on
eco-innovation and eco-efficiency criteria. Additionally, this book considers mod-
ern general demands on novel industrial processes, meaning that the book not only
discusses state-of-the-art approaches but also presents a discussion of economic,
ecological, and safety issues related to plasma surface processing.

This book consists of three parts. The first part starts with an introduction to
plasma technology through plasma fundamentals (Chapter 1) and includes plasma
sources (Chapter 2), plasma-surface interactions (Chapter 3), plasma diagnostics
(Chapter 4), and surface characterization techniques (Chapter 5).

The second part covers applications studied within ACTECO and, therefore,
covers the three domains (food, biomedical, and textile) targeted within the project.
These fields currently experience some of the most innovative applications of
surface processing by plasma. We will discuss how plasma treatment can be used
to tune the surface properties of textiles (Chapter 6), prevent biofilm formation
on biomedical surfaces (Chapter 7), provide oxygen barriers for food packaging
(Chapter 8) and obtain anti-wear coatings in food processing machines (Chapter 9).
A comprehensive theoretical approach is provided to model the interactions of
nonthermal atmospheric pressure plasma with surfaces (Chapter 10).

The third part is dedicated to the technical and economic aspects of plasma
technology. It includes an analysis of the market potential as well as the economic
impact arising from the introduction of plasma technology into the textile, food,
and biomedical sectors (Chapter 11). This part concludes with a discussion of
environmental and safety issues related to plasma surface treatments (Chapter 12).
This includes a comparative life cycle analysis to assess the eco-efficiency of
surface plasma functionalization with respect to traditional surface treatment and
an assessment of plasma processing safety in terms of process reliability for
environmental working conditions as well as the potential local impact due to
emissions.



Preface XVII

Within this book we have tried to achieve a sufficient cohesion and self consis-
tency. Internal referencing among chapters, although written by different authors,
is provided to enable the reader to browse through the content via different path-
ways, even starting from different points, according to different interests, needs,
and background.

This philosophy was followed when putting the manuscript together. Clearly,
we cannot list all these chapter interconnections in the preface but we want
to highlight an example as a possible suggestion for a path through the book.
One of the applications mentioned in the book regards tuning of the surface
energy of textiles by plasma treatment. Starting from the specific application
discussed in Chapter 6 the reader may move up-stream to Chapter 2 in order
to find out details related to plasma systems used for textile processing. Further
on the reader may explore the related economic and ecological aspects connected
to these processes by visiting Chapters 11 and 12, respectively. Furthermore,
additional information can be found in Chapter 5, which illustrates some of
the surface characterization techniques employed to assess the physico-chemical
changes induced by plasma treatment. A similar approach may be followed for
the other main applications dealt with in this book. Nevertheless, the reader may
follow a more orthodox approach by sequentially going through each chapter,
which provides a more general perspective of the topics treated. The sequential
approach is particularly recommended to readers completely new to plasma surface
functionalization.

This work has been partially funded by the European Commission in the 6th
Research Framework programme through the integrated project ACTECO for small
and medium enterprises (IP 515859-2), contract number NMP-CT-2005-515859,
launched on 1 May 2005 and ended on 30 April 2009. The full project title is:
‘Eco efficient activation for hyperfunctional surfaces’; this highlights its main
focus: addressing the use of plasma technology for efficient and effective surface
functionalization and activation (http://www.acteco.org/).

The consortium, whose composition evolved during the course of the project,
consisted of several partners that can be grouped into different categories. The
first are end-users within the different application areas: food related (Diad s.r.l.,
Tops Foods), biomedical applications (PlasMATec, Covidien-Sofradim), and textile
companies (Jovertex, Creat-Chargeurs, Luxilon). Another group of companies were
the plasma technology providers related to atmospheric as well as low pressure
plasma (Muegge, CPI, AcXys, Dow Corning Plasma Solutions, Environment Park,
and Europlasma, the project coordinator). Also high-tech SME companies dedicated
to surface analysis formed part of the project (CSMA, Biophy, Biomatech). Further,
several research centers and universities supported the R&D activities (UPMC,
TRINITI, USTUTT-IPF, IFTH, EC-JRC, Centexbel). ACTECO also included a
partner to perform market studies (Nodal) and sector associations covering the
three targeted domains via IVLV, Clubtex, and Eucomed. A full list with the contact
details of the project partners, according to the situation at the end of the project,
can be found at the end of the preface.
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during the writing of the manuscript, this book could not have been written.

We tried our best to design and write a book that is useful for people already
working in plasma technology as well as for those whose focus is more on
one of the application fields discussed. Moreover, suggestions may be found for
the application of plasma technology in industrial sectors not explicitly treated
here.

Plasma Technology for Hyperfunctional Surfaces: Food, Biomedical and Textile
Applications addresses industry professionals, researchers, academic teachers and
PhD students specializing in the field of plasma physics and chemistry, as well as
people entering the field of plasma surface treatments and technical staff involved
in economic sustainability and ecology. Our intention is that also policy makers in
the field of clean, environmentally friendly, and economically efficient technological
innovations will find useful information here on trends and potentials of plasma
surface engineering.

Hubert Rauscher
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