WOODHEAD PUBLISHING IN MATERIALS

High-performance
organic coatings

Edited by Anand S.Khanna

=

E




High-performance
organic coatings

Edited by
Anand S. Khanna

¥ p'-"

IHHHIIIIIHHIIQN’I”IVQ‘iiICHIIIH

E2008001734

Woodhead Publishing and Maney Publishing
on behalf of
The Institute of Materials, Minerals & Mining

CRC Press
Boca Raton Boston New York Washington, DC

WOODHEAD PUBLISHING LIMITED
Cambridge England




Woodhead Publishing Limited and Maney Publishing Limited on behalf of
The Institute of Materials, Minerals & Mining

Woodhead Publishing Limited, Abington Hall, Granta Park,
Great Abington, Cambridge CB21 6AH, England
www.woodheadpublishing.com

Published in North America by CRC Press LLC, 6000 Broken Sound Parkway, NW,
Suite 300, Boca Raton, FL 33487, USA

First published 2008, Woodhead Publishing Limited and CRC Press LLC
© 2008, Woodhead Publishing Limited
The authors have asserted their moral rights.

This book contains information obtained from authentic and highly regarded
sources. Reprinted material is quoted with permission, and sources are indicated.
Reasonable efforts have been made to publish reliable data and information, but
the author and the publishers cannot assume responsibility for the validity of all
materials. Neither the author nor the publishers, nor anyone else associated with
this publication, shall be liable for any loss, damage or liability directly or
indirectly caused or alleged to be caused by this book.

Neither this book nor any part may be reproduced or transmitted in any form
or by any means, electronic or mechanical, including photocopying, microfilming
and recording, or by any information storage or retrieval system, without
permission in writing from Woodhead Publishing Limited.

The consent of Woodhead Publishing Limited does not extend to copying for
general distribution, for promotion, for creating new works, or for resale. Specific
permission must be obtained in writing from Woodhead Publishing Limited for
such copying.

Trademark notice: Product or corporate names may be trademarks or registered
trademarks, and are used only for identification and explanation, without intent
to infringe.

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

Library of Congress Cataloging in Publication Data
A catalog record for this book is available from the Library of Congress.

Woodhead Publishing ISBN 978-1-84569-265-0 (book)
Woodhead Publishing ISBN 978-1-84569-473-9 (e-book)
CRC Press ISBN 978-1-4200-7969-2

CRC Press order number WP7969

The publishers’ policy is to use permanent paper from mills that operate a
sustainable forestry policy, and which has been manufactured from pulp which is
processed using acid-free and elementary chlorine-free practices. Furthermore,
the publishers ensure that the text paper and cover board used have met
acceptable environmental accreditation standards.

Project managed by Macfarlane Production Services, Dunstable, Bedfordshire,
England (e-mail: Macfarl@aol.com)

Typeset by SNP Best-set Typesetter Ltd., Hong Kong

Printed by TJ International Limited, Padstow, Cornwall, England



High-performance organic coatings



Related titles:

Surface coatings for protection against wear

(ISBN 978-1-85573-767-9)

This authoritative book presents an overview of the current state of research in,
and applications for, wear-protective coatings. Focusing on the different types of
surface technologies used for wear-protective coatings, each chapter provides an
in-depth analysis of a particular type of surface coating, its properties, strengths
and weaknesses in various applications. Each surface coating examined includes
case studies describing its performance in a specific application. Surface coatings
for protection against wear is an invaluable reference resource for all engineers
concerned with the latest developments in coating technology.

Innovative pre-treatment techniques to prevent corrosion of

metallic surfaces — EFC 54

(ISBN 978-1-84569-365-7)

There has long been a need for effective pre-treatment techniques to prevent
corrosion of metallic surfaces. This important volume discusses coating and
preparation methods for aluminium alloys such as silane films, sol-gel coatings
and magnesium-rich primers. It also reviews pre-treatments for steel, copper, zinc
and magnesium alloys. Other chapters consider electrochemical and other
techniques to monitor the effectiveness of pre-treatments in preventing corrosion
together with methods for monitoring dissolution—precipitation mechanisms of a
range of pre-treatments.

Techniques for corrosion monitoring

(ISBN 978-1-84569-187-5)

This book provides a comprehensive analysis of the techniques used for corrosion
monitoring and includes practical applications and case studies. Corrosion
monitoring technologies are a vital step in efforts to combat corrosion, which can
have major economic and safety implications. The first part of the book reviews
electrochemical techniques for corrosion monitoring. A second group of chapters
analyses other physical or chemical methods of corrosion monitoring. Part 111
examines corrosion monitoring in special environments and conditions. Part IV
covers the selection of monitoring techniques and probes, while a final group of
chapters discusses applications and case studies.

Details of these and other Woodhead Publishing materials books, as well as
materials books from Maney Publishing, can be obtained by:

e visiting our web site at www.woodheadpublishing.com

e contacting Customer Services (e-mail: sales@woodhead-publishing.com;
fax: +44 (0) 1223 893694; tel.: +44 (0) 1223 891358 ext. 130; address: Woodhead
Publishing Ltd, Abington Hall, Granta Park, Great Abington, Cambridge CB21
6AH, England)

If you would like to receive information on forthcoming titles, please send your
address details to: Francis Dodds (address, tel. and fax as above; e-mail:
francisd@woodhead-publishing.com). Please confirm which subject areas you are
interested in.

Maney currently publishes 16 peer-reviewed materials science and engineering
journals. For further information visit www.maney.co.uk/journals



Contributor contact details

(* = main contact)

Introduction, Chapters 1, 2,
3,5, and 14

Professor A. S. Khanna

Department of Metallurgical
Engineering and Materials
Science

Indian Institute of Technology
Bombay

Bombay - 400 076

India

E-mail: khanna@iitb.ac.in

Chapter 4

Professor A. S. Khanna*

Department of Metallurgical
Engineering and Materials
Science

Indian Institute of Technology
Bombay

Bombay - 400 076

India

E-mail: khanna@iitb.ac.in

S. Kumar

JK. Surface Coatings

48/9, Neel Siddhy Complex
New Bombay-400703

India

E-mail: santogh.kumar@iksc.in

Chapter 6

Dr B. P. Mallik

Asian Paints Limited

Asian Paints House

6A Shantinagar

Vakola Pipeline Road

Santacruz (East)

Mumbai 400 055

India

E-mail: bp.mallik@asianpaints.com

Chapter 7

S. Rossi* and F. Deflorian

Department of Materials
Engineering and Industrial
Technologies

University of Trento

Via Mesiano 77

38050 Trento

Italy

E-mail: stefano.rossi@ing.unitn.it

Xlii



X1V Contributor contact details

Chapter 8

Sameer S. Kanitkar

Aditya Birla Chemicals (Thailand)
Ltd

Epoxy Division

I-5 Road, IEAT no. 2

Map Ta Phut Industrial Estate

Map Ta Phut, Rayong — 21150

Thailand

E-mail: samir.kanitkar@adityabirla.

com

Chapter 9

Dr K.V.S.N. Raju*

Organic Coatings and Polymers
Division

Indian Institute of Chemical
Technology

Tarnaka

Hyderabad - 500007

India

Email:kvsnraju@iict.res.in

drkvsnraju@gmail.com

D.K. Chattopadhyay

Research Associate

Department of Coatings and
Polymeric Materials

North Dakota State University

1735 Research Park Drive

Fargo, ND 58105

USA

Chapter 10

G. Greenwood-Sole

Corrocoat Limited

Forster Street

Leeds

West Yorkshire LS10 IPW

UK

E-mail: grahams@corrocoat.com

Chapter 11

Abdul Salem Hamdy

Department of Surface Technology
and Corrosion Protection

Central Metallurgical Research
and Development Institute
(CMRDI)

PO Box 87

Helwan, 11421 Cairo

Egypt
E-mail: ashamdy@cmrdi.sci.eg

Chapter 12

K-H. Kaesler
Momentive Performance Materials
Inc.
Leverkusen
Germany
E-mail: karl-heinz kaesler@
momentive.com

Chapter 13

Professor A.S. Khanna and
S.S. Pathak

Department of Metallurgical
Engineering and Materials
Science

Indian Institute of Technology
Bombay

Bombay — 400 076

India

E-mail: sspathak@iitb.ac.in

khanna@met.iitb.ac.in



Chapter 15

Mr Narendra Kumar
GAIL (India) Ltd

A.V. Apparao Road
Rajahmundry - 533103
Andhra Pradesh

India

E-mail: nkumar@gail.co.in

Chapter 16

JH.W. de Wit* and J.M.C. Mol

Delft University of Technology

Department of Materials Science
and Engineering

Mekelweg 2

2628 CD Delft

The Netherlands

Email: j.h.w.dewit@tudelft.nl

W.M. Bos and G. M. Ferrari

TNO Science and Industry

PO Box 505

1780 AM Den Helder

The Netherlands

Chapter 17

Maria Eliziane Pires de Souza

Faculty of Mechanical Engineering
University of Campinas

Street: Mendeleiev s/n

Cidade Universitaria ‘Zeferino
Vaz’ Barao Geraldo

Campinas — SP

P. O. Box 6122

CEP: 13.083-970

Brazil

E-mail: eliziane@fem.unicamp.br

Contributor contact details XV

Chapter 18

Dhananjay Dhage

R & D Center

Larsen & Toubro

EWAC Alloys Limited

L & T gate No 3

Bombay - 400076

India

Email: drd-ewac@powai.ltindia.
com

dhananjaydhage@yahoo.com

Chapter 19

Mr M. G. Mehrotra

Kansai Nerolac Paints Ltd

Nerolac House

Ganpatrao Kadam Marg

Lower Parel

Mumbai - 400013

India

Email: maheshmehrotra@nerolac.
com

Chapter 20

MJ Mitchell and Neil Wilds

Technical Manager — Worldwide
Protective Coatings

International Paints Ltd

Stoneygate Lane

Felling NE10 0JY

UK

E-mail: neil.wilds@

internationalpaint.com



Introduction

A S KHANNA, Indian Institute of Technology Bombay, India

Corrosion is a natural process and many metals and alloys used in industrial
applications need protection in order to minimize or prevent corrosion.
There are various methods of corrosion control which include better design,
choice of better materials, protection by inhibitors, cathodic and anodic
protection, and protection by coatings. Among these, coating is the simplest
and most widely used method.

Steel is used all over the globe in a huge number of applications. Steel,
however, is a very reactive material even in normal environmental condi-
tions, corroding in moist air. It needs protection wherever it is used. Whether
it is a steel structure, steel frame, steel tank, overhead steel pipe or under-
ground cross-country pipeline, all need corrosion protection. The most
common method to protect steel from corrosion is paint coatings.

A paint coating is basically a polymer resin, dispersed in a solvent, modi-
fied by additives to achieve specific properties and pigments for providing
colour, corrosion protection and other important properties. The nature of
the coating revolves round the type of resin that is used, whether alkyd,
epoxy, urethane, vinyl or polyester. High-performance properties can be
achieved by adding different kinds of pigments, which give not only colour
and opacity but also strength, lower permeability and, in turn, longer life.
High performance can also be achieved by using solventless systems which
not only give higher thickness per coat but also are environmentally friendly
because of their low volatile organic content (VOC).

Any discussion of coating is incomplete unless it considers surface prepa-
ration and paint application. Surface preparation is a key aspect of paint
coatings: any mistake at this stage will compromise the coating. It is advis-
able to carry out proper surface preparation by following a suitable stan-
dard and measuring its anchor profile. New paint formulations or surface
tolerant coatings able to cope with partially cleaned surfaces, are important
requirements for maintenance of offshore structures, chemical plants, refin-
eries and power plants where surface cleaning may be difficult.

XVii



XVili Introduction

Paint application has become a very specialized subject. Today it is
important to know about not only traditional methods of paint application
by brush and roller but also the use of more sophisticated techniques such
as airless spray, electrostatic powder application, together with the special
application skills required to apply elastomeric polyurethane, polyurea and
many other fast-curing polyester coatings. Methods for the maintenance of
paint coatings are also increasingly important.

Despite proper application, paint coatings do fail prematurely. It is very
important to understand what causes the paint to fail and what the various
remedial measures are. Another issue in paint coatings is to estimate the
life of the coating. It is very important to correctly estimate paint life. Are
conventional testing techniques adequate or do we need new methods to
estimate the life of a coating? Lastly, it is essential to incorporate good paint
inspection and quality assurance techniques both during paint application
and afterwards. The importance of supervisors, coating inspectors and
others responsible for maintaining quality should be emphasized. They
should be provided with good theoretical and practical training.

This book covers a range of key issues in the effective use of high-
performance organic paint coatings, including important industrial applica-
tions, offshore structures, underground pipelines, automotive coatings, coil
coatings, coatings for rebars and concrete structures, coatings for ships and
in other aggressive environments.
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