Advanced Ceramic Coatings
and Interfaces Il



Advanced Ceramic Coatings
and Interfaces Il

A Collection of Papers Presented at the
31st International Conference on Advanced
Ceramics and Composites

January 21-26, 2007

Daytona Beach, Florida

Editors
Uwe Schulz
Hua-Tay Lin

Volume Editors
Jonathan Salem
Dongming Zhu

IIIIIIIIIIII

1807
{PWILEY |2
2007

r
llllllllllll

WILEY-INTERSCIENCE
A John Wiley & Sons, inc., Publication



Copyright © 2008 by The American Ceramic Society. All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form
or by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as
permitted under Section 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of the Publisher, or authorization through payment of the appropriate per-copy fee to
the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax
(978) 750-4470, or on the web at www.copyright.com. Requests to the Publisher for permission should
be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ
07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/permission.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in
preparing this book, they make no representations or warranties with respect to the accuracy or
completeness of the contents of this book and specifically disclaim any implied warranties of
merchantability or fitness for a particular purpose. No warranty may be created or extended by sales
representatives or written sales materials. The advice and strategies contained herein may not be
suitable for your situation. You should consult with a professional where appropriate. Neither the
publisher nor author shall be liable for any loss of profit or any other commercial damages, including
but not limited to special, incidental, consequential, or other damages.

For general information on our other products and services or for technical support, please contact our
Customer Care Department within the United States at (800) 762-2974, outside the United States at
(317) 572-3993 or fax (317) 572-4002.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may
not be available in electronic format. For information about Wiley products, visit our web site at
www.wiley.com.

Wiley Bicentennial Logo: Richard J. Pacifico

Library of Congress Cataloging-in-Publication Data is available.
ISBN 978-0-470-19634-2
Printed in the United States of America.

10987654321



Contents

Preface
Introduction

THERMAL AND MECHANICAL PROPERTIES OF
THERMAL BARRIER COATINGS

Thermal and Mechanical Properties of Zirconia Coatings Produced

by Electrophoretic Deposition
Bernd Baufeld, Omer van der Biest, and Hans-Joachim Rétzer-Scheibe

Elastic and Inelastic Deformation Properties of Free Standing

Ceramic EB-PVD Coatings
Marion Bartsch, Uwe Fuchs, and Jianmin Xu

Thermal and Mechanical Properties of Zirconia/Monazite-Type

LaPO, Nanocomposites Fabricated by PECS
Seung-Ho Kim, Tohru Sekino, Takafumi Kusunose, and Ari T. Hirvonen

Corrosion Behavior of New Thermal Barrier Coatings
R. VaBen, D. Sebold, and D. Stover

MICROSTRUCTURAL CHARACTERIZATION OF THERMAL
BARRIER COATINGS

Monitoring the Phase Evolution of Yttria Stabilized Zirconia in

Thermal Barrier Coatings Using the Rietveld Method
G. Witz, V. Shklover, W. Steurer, S. Bachegowda, and H.-P. Bossmann

Thermal Imaging Characterization of Thermal Barrier Coatings
J.G. Sun

xi

27

41



Examination on Microstructural Change of a Bond Coat in a
Thermal Barrier Coating for Temperature Estimation and

Aluminum-Content Prediction
Mitstutoshi Okada, Tohru Hisamatsu, and Takayuki Kitamura

Quantative Microstructural Analysis of Thermal Barrier Coatings

Produced by Electron Beam Physical Vapor Deposition
Matthew Kelly, Jogender Singh, Judith Todd, Steven Copley, and
Douglas Wolfe

investigation of Damage Prediction of Thermal Barrier Coating
Y. Ohtake

ENGINEERING OF THERMAL PROPERTIES OF THERMAL
BARRIER COATINGS

Effect of an Opaque Reflecting Layer on the Thermal Behavior of a

Thermal Barrier Coating
Charles M. Spuckler

Optimizing of the Reflectivity of Air Plasma Sprayed Ceramic

Thermal Barrier Coatings
A. Stuke, R. Carius, J.-L. Marqués, G. Mauer, M. Schuite, D. Sebold, R. VaBen,
and D. Stéver

Thermal Conductivity of Nanoporous YSZ Thermal Barrier Coatings

Fabricated by EB-PVD
Byung-Koog Jang and Hideaki Matsubara

COATINGS TO RESIST WEAR, EROSION, AND
TRIBOLOGICAL LOADINGS

Reduction of Wear by a TiBN Multilayer Coating
B.-A. Behrens, A. Kiper, M. Bistron, Fr.-W. Bach, K. Méhwald, and T.A. Deier

Characteristics of TiN/CrN Multilayer Coatings with TiCrN and

CrTiN Interlayer
Xingbo Liu, Chengming Li, Jing Xu, Weizhong Tang, and Fanxiu Lv

Development of a Duplex Coating Procedure (HVOF and PVD) on

TI-6AL-4V Substrate for Automotive Applications
E. Bemporad, M. Sebastiani, F. Carassiti, F. Casadei, and R. Valle

Novel Coatings of Cemented Carbides by an Improved HVOF
Spraying Process

Makoto Watanabe, Pornthep Chivavibul, Jin Kawakita, and Seiji Kuroda

Fracture Mechanics Analysis of Coatings Under Contact Load
Yumei Bao, Guozhong Chai, and Weina Hao

vi - Advanced Ceramic Coatings and Interfaces ||

61

71

81

87

99

115

127

135

145

159

167



COATINGS FOR SPACE APPLICATIONS

Heat Treatment of Plasma-Sprayed Alumina: Evolution of

Microstructure and Optical Properties
Keith S. Caruso, David G. Drewry, Don E. King, and Justin S. Jones

Porous Ceramic Foam Catalysts for N,O-Based Satellite

Microthrusters
F. Ahmed, L. Courtney, J.R. Wallbank, and P.A. Sermon

MULTIFUNCTIONAL COATINGS, NANOSTRUCTURED COATINGS,
AND INTERFACES PHENOMENA

Development of Multi-Layered EBC for Silicon Nitride Ceramics
Shunkichi Ueno, Tatsuki Ohji, and Hua -Tay Lin

Reactive Bonding of Sapphire Single Crystal to Tungsten-Copper

Metal Composite Using Directed Vapor Deposition Process
Y. T. Peng, D. D. Hass, and Y.V. Murty

Protective Coating on Metals Using Chromium-Free Organic-

Inorganic Silica Hybrid Aqueous Solution
Satomi Ono and Hiroyasu Tsuge

An Energy Model of Segmentation Cracking of SiOy Thin Film on
a Polymer Substrate
Marcin Bialas and Zenon Mr6z
Effect of Withdrawal Speed on Thickness and Microstructure of
8MOL% Yttria Stabilized Zirconia Coatings on Inorganic Substrates
Srinivasa Rao Boddapati and Rajendra K. Bordia

Author Index

Advanced Ceramic Coatings and Interfaces I

177

193

205

209

219

231

243

253

< Vi



Preface

The Symposium on Advanced Ceramic Coatings for Structural, Environmental, and
Functional Applications was held at the 31st International Conference on Advanced
Ceramics and Composites, January 21-26, 2007, Daytona Beach, Florida. A total of
85 papers including 14 invited papers were presented at the symposium focusing
the latest advances in research and development and applications of coating tech-
nologies.

This proceedings contains 24 contributed papers from the symposium, covering
topics of thermal barrier coatings, coatings to resist wear, erosion, and tribological
loadings, coatings for space applications, and muitifunctional, nanostructured coat-
ings, and interfaces phenomena. These papers provide the state-of-art of ceramic
coating technologies for various critical industrial technology applications.

We are greatly indebt to the members of the symposium organizing committee,
including Drs. Yutaka Kagawa, Anette Karlsson, Seiji Kuroda, Karren More, Jen-
nifer Sample, Dileep Singh, Yong-Ho Sohn, Irene Spitsberg, Robert Vaflen, and
Dongming Zhu, for their tremendous time and effort in developing and organizing
this vibrant and cutting-edge symposium. We also would like to express our sincere
thanks to all of the symposium participants, session chairs, manuscript authors, and
reviewers, for their contributions to such a successful and excellent quality meeting.
Finally, we are also very grateful to The American Ceramic Society staff for their
help during the organization and publication of this symposium and proceedings.

UwE ScHurz
German Aerospace Center

Hua-Tay LiNn
Oak Ridge National Laboratory



Introduction

2007 represented another year of growth for the International Conference on Ad-
vanced Ceramics and Composites, held in Daytona Beach, Florida on January 21-
26, 2007 and organized by the Engineering Ceramics Division (ECD) in conjunc-
tion with the Electronics Division (ED) of The American Ceramic Society (ACerS).
This continued growth clearly demonstrates the meetings leadership role as a forum
for dissemination and collaboration regarding ceramic materials. 2007 was also the
first year that the meeting venue changed from Cocoa Beach, where it was original-
ly held in 1977, to Daytona Beach so that more attendees and exhibitors could be
accommodated. Although the thought of changing the venue created considerable
angst for many regular attendees, the change was a great success with 1252 atten-
dees from 42 countries. The leadership role in the venue change was played by
Edgar Lara-Curzio and the ECD’s Executive Committee, and the membership is in-
debted for their effort in establishing an excellent venue.

The 31st International Conference on Advanced Ceramics and Composites
meeting hosted 740 presentations on topics ranging from ceramic nanomaterials to
structural reliability of ceramic components, demonstrating the linkage between
materials science developments at the atomic level and macro level structural appli-
cations. The conference was organized into the following symposia and focused
sessions:

® Processing, Properties and Performance of Engineering Ceramics and Com-
posites

® Advanced Ceramic Coatings for Structural, Environmental and Functional

Applications

Solid Oxide Fuel Cells (SOFC): Materials, Science and Technology

Ceramic Armor

Bioceramics and Biocomposites

Thermoelectric Materials for Power Conversion Applications

Nanostructured Materials and Nanotechnology: Development and Applica-

tions

® Advanced Processing and Manufacturing Technologies for Structural and
Multifunctional Materials and Systems (APMT)
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Porous Ceramics: Novel Developments and Applications
Advanced Dielectric, Piezoelectric and Ferroelectric Materials
Transparent Electronic Ceramics

Electroceramic Materials for Sensors

Geopolymers

The papers that were submitted and accepted from the meeting after a peer re-
view process were organized into 8 issues of the 2007 Ceramic Engineering & Sci-
ence Proceedings (CESP); Volume 28, Issues 2-9, 2007 as outlined below:

Mechanical Properties and Performance of Engineering Ceramics and Com-
posites I, CESP Volume 28, Issue 2

Advanced Ceramic Coatings and Interfaces II, CESP, Volume 28, Issue 3
Advances in Solid Oxide Fuel Cells I1I, CESP, Volume 28, Issue 4
Advances in Ceramic Armor III, CESP, Volume 28, Issue 5
Nanostructured Materials and Nanotechnology, CESP, Volume 28, Issue 6

Advanced Processing and Manufacturing Technologies for Structural and
Multifunctional Materials, CESP, Volume 28, Issue 7

Advances in Electronic Ceramics, CESP, Volume 28, Issue 8

Developments in Porous, Biological and Geopolymer Ceramics, CESP, Vol-
ume 28, Issue 9

The organization of the Daytona Beach meeting and the publication of these pro-
ceedings were possible thanks to the professional staff of The American Ceramic
Society and the tireless dedication of many Engineering Ceramics Division and
Electronics Division members. We would especially like to express our sincere
thanks to the symposia organizers, session chairs, presenters and conference atten-
dees, for their efforts and enthusiastic participation in the vibrant and cutting-edge
conference.

ACerS and the ECD invite you to attend the 32nd International Conference on
Advanced Ceramics and Composites (http://www.ceramics.org/meetings/day-
tona2008) January 27 - February 1, 2008 in Daytona Beach, Florida.

JONATHAN SALEM AND DONGMING ZHU, Volume Editors
NASA Glenn Research Center
Cleveland, Ohio
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