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Abstract 

Focused Topical Session: Oxide/Oxide ceramics and Composites Meeting 

At the 27*'' Annual Cocoa Beach Conference and Exposition on Advanced Ceramics & 

Composites 

Cocoa Beach, FL 

(1/26/2003-1/31/2003) 

Advanced materials are usually composite materials for structural components to carry loads 
and/or functional components to accomplish specific tasks. Oxide ceramic, oxide fiber reinforced 
ceramic composites and in-situ composites stand out as those which provide best properties in 
oxidizing environment. The oxide materials are essential to withstand severe loads in the 
oxidizing environment an severe conditions. TTie oxide ceramics and oxide composites is a 
crucial research area because it's importance to air breathing engine technology of US Air Force, 
Department of defense and US civilian industry. The components of the oxide ceramics and their 
composites are essential for the fiiture aerospace industry and the information of their behavior is 
critical to understand the response of composites. Three focused topical session on the Oxide 
ceramics and Composites has been organized at the 27* Annual Cocoa Beach Conference and 
Exposition on Advanced Ceramics & Composites meeting. ITiese sessions were: 
(i)       Intrinsic Properties of Oxides (Magnetic, Electrical, Optical, Mechanical), 
(ii)      MIcrostructures and Mechanical Behavior 
(iii)     Novel Processing Techniques. 

The proposed meeting provided a forum for discussing the essential scientific issues involved in 
the development and use of high temperature materials. 
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Focused Topical Session: Oxid^Oxide ceramics and Composites Meeting 

High performance materials are usually composite materials. Oxide and oxide jBber reinforced 

composites stand out as those which provide the best properties in bxidizing environment. The 

fibcK, matrices and the interfaces are the essential components in these materials and knowledge 

of their behavior is crucial to understand the response of composites as well as to develop new 

design strategies which optimize their use. The organization of three focused topical sessions on 

Oxide Ceramics and Composite at the 27* Annual Cocoa Beach Conference and Exposition on 

Advanced Ceramics & Composites (January 26/2003 flirough January 31/2003) was successful. 

The papers of the invited speakers are attached as an appendix and list of the presentation of these 

three sessions also included. 

The purpose of this focused sessions was to bring scientiste and engineers from all over the world 

together in order to gain an international perspective on new developments in the high 

temperature oxide ceramics field.   There were two mvited speakers from the United States, two 

from France, and one from Spain, The invited speakers are selected from esteemed university and 

research organizations on their respective continents. The list of invited speakers and the title of 

their papers are listed below: 

1. Dickey, Elizabeth / Penn State University - USA 

"High-Temperature Residual Stress in Textured Oxide Composites". 

2, Javier Llorca/Polytechnic University of Madrid-SPAIN 

BEST AVAILABLE COPY 



"Processing, Microstructure and Mechanical Behavior of Directionally-Solidified Eutectic 

Ceramic Oxides", 

3. Leo MazeroUes / CNRS - FRANCE 

"Synthesis of Nanostructured Materials Based on Alumina" 

4. Marcelle Gaune-Escard/ UISTI-FRANCE 

"Molten Salts: A Route to Tailored Ceramics" 

5. Kenneth Sandhage,/OSU-USA 

"Bioclastic Processing of Self-Assembled, Three-Dunensional Meso/Nanostructures with 

Tailored Chemistries". 

The main focus of the Oxide ceramics and composites was on the novel processing techniques. 

Good number of paper of papers on the mechanical characterization and microstradtural analysis 

will be in session entitled Microstructures and Mechanical Behavior. The proposed meeting is 

expected to create a synergy between the scientist and engineers in the processing and 

microstructural characterization areas. An concerted effort has been dedicated during the 

planning time to invite the best processing scientists since their efforts usually have the long 

lasting impact on the community involved with the oxide ceramics and composites. 

In addition to the invited speakers over 26 papers and associated abstracts from diverse 

backgrounds have participated at the focused topical session Oxide/Oxide Ceramics and 

Composites. In Kght of the imminent potential for oxide ceramic composites to advanced turbine 

engines and aircraft, three focused sessions were organized to bring scientiste and engineere in the 

European community and Japan together with US researchers in order to gain an international 



perspective on new developments in the high-temperature ceramics field. This provided a state- 

of-the-art picture of this rapidly evolving field of study. We coordinated this meeting with 

American ceramic Society and Air Force Office of Scientific Research to achieve productive 

results. 

In addition, oxide material development is a paradigmatic topic in Materials Science, which needs 

for interdisciplinary research. In this respect, the focused oxide/oxide composite sessiom was an 

attractive meeting point for chemists, physicists, and engineers. 

Oxide Ceramics and Composites 

Session:        Intrinsic Properties of Oxides fMagnetic. Electrical. Optical. Mechankan 
10:20:00 AM - 12J00:00 PM1/29/2003 

Ly««etoMflrfse«, "Opportunities in Ceramics". 

Elizabeth Dickey, "High-Temperature Residual Stress in Textured Oxide Composites" 
Invited 

Robert Gall, "Cu-Based Transparent Conducting Oxides of the Delafossite Structure". 

Robert Reeber, "Corresponding States Principles for the Thermal Expansion of Oxides of MgO, 
CaO, SrO and BaO" 

Session: Microstructures and Mechanical Behavior 
1:20:00 PM - 6:00:00 PM1/29/2003 

Javier Llorca, "Processing, Microstructure and Mechanical Behavior of Directionally-SoHdified 
Eutectic Ceramic Oxides". 
Invited 

Kristin Keller, "Evaluation of Dense Monazite Fiber-Coatings in Oxide-Oxide Minicomposites" 

£e« PeBgyKa«, "The Rare-Earth Phosphate Coated Fiber for Oxide CMCs". 



Emmanuel Boakye, "Monazite Coatings on NeXtel 720 Fiber Tows: Effect of Precureor 
Morpholgy Coating". 

Richard Goettler, "R-operties of CMC with Scheelite and Uncoated Nextel 610 Fibers", 

Dong-Kyu Kim, Fibrous Monoliths of Alumina -MuUite In Situ Composite Maxtrix-Aluminum 
Phosphate Interphase 

Pavel Mogilevsky, "Anisotropy in Room Temperature Deformation and Fracture in CaW04 
Sheelite". 

Javier Llorca, "Deformation and Fracture Mechanisms of Single Crystal Zr02(Er203)". 

Waltraud Kriven, "In Situ High-Temperature Phase Transformation in YNb04' 

Derek Northwood, '"The Effect of a High Strength Electric Field on the Low Temperature 
Degradation of a Y-TZP Ceramic". 

Hitomi Yamaguchi, "Magnetic Field-Assisted Machining for Internal Parts of Alumina Ceramic 
Components". 

Paul-Francois Paradis, "Contactless Density Measurement of Liquid Nd-Doped 56%CaO- 
50%A12O3" 

S^sion;        Novel Processing Techniques 
8:00:00 AM -12:00:00 PM1/30/2003 

Jun Akedo, "Aerosol Deposition (ADM) for Nanocomposite Material Syndiesis: - A Novel 
Method of Ceramics Processing Without Firing". 

Leo Mflzcro/feff, "Synthesis of Nanostructured Materials Based on Alumina". 
Invited 

Maxim Lebedev, "A1203 - PZT Nanocomposite Mixture Ceramic Layer Fabricated Using 
Aerosol Deposition Method". 

Erik Bartscherer, "Preparation of High Density Translucent PLZT Ceramics by Hot Isostatic 
Pressing". 

Cari August, "Rheology of Fine Alumina Pastes". 



Marcelle Gaune-Escard, "Molten Salts: A Route to Tailored Ceramics'' 
Iii¥it^ 

Rolfjamsen, "Reaction Synthesis of Refractory Metal-Ceramic Composites". 

Kenneth Sandhage, "Bioclastic Processing of Self-Assembled, Three-Dimensional 
Meso/Nanostructures with Tailored Chemistries". 
Invited 

Victor Orera, "Ni and Co-Zr02 Composites Produced by Laser Zone Melting". 

POSTER SESSION 
MagaliPinho, "A Comparative Study of the Microstructure, Electric and Piezoelectric Properties 
of P2nCeramic Materials". i 

Hathaikarn Choosuwan, "Dielectric Relaxation and Thermal Expansion Properties of Niobium 
Based Oxides". 

Kazi^a Tsujimichi, "Mechanical and Electrical Properties of A1203 Thin Films on Metals, 
Ceramics and Resins Prepared by Aerosol Deposition Method". 

Hany Gorier, "Processing and Mechanical Characterization of In Situ Reinforced Alumina 
Composites". 

Antonio De Arellano Lopez, "Room- and High-Temperature Tensile Fracture of Directionally- 
Solidified Chromia-doped Sapphire Fibers". 

Maria Oregon, "Synthesis and Characterization of Z-Type Hexaferrite for Use m Microwave 
Absorber". 



Focused Topical Session: Oxide/Oxide ceramics and Composites Meeting 
Budget 

Invited Speakers 

Addresses 
Estimated Expenses: 
Travel, reeistration and Iodf»inj» 

Expected 
payment from 
AFOSR Grant 

Prof. Antonia Ramirez / Uni Seville 

SPAIN 
$600.00 

Prof. Vcictor Orera / CSIC -SPAIN 

$600.00 
MarcelleGaune-Escardl UISTI- 

FRANCE $1,600.00 
Prof, L^o Mazerolles / CNRS- 

FRANCE $1,000.00 
Prof. E. Dickey/PSU 

USA $500.00 
Prof. K. Sandhage / OSU 

USA $500.(K) 
Additional Soeakers 
Dr. A, Sayir / USA (Session Co- 
organizer) 
USA $2,577.00 

Dr. Maria Souto / 

AUSTRIA $2,000.00 
TOTAL COSTED AMOUNT OF FUNDING $9,497.00 
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.^-^ ACI.KS flLECTRONICS    ^'^^__ 

Di\ isiox FALL MEETLycr^J^f^- 

Doubletree/Hilton Hotels 
Cocoa Beadi, Fla. 

January 26-31,2003 

Ceramics and Electronics for tbe lew Horizon 
X rom its humble beginnings more than a quarter century ago, the "Cocoa 
Beach Meeting" has grown in scope and stature to become the preeminent inter- 
national technical meeting on advanced ceramics and composites. TTie "Cocoa 
Beach Meeting" is synonymous with leading edge research and development in 
these challenging technological areas. TTiis year's meeting will continue the 
proud tradition of innovative R&D technical exchanges with three directed sym- 
posia and a series of focused topical sessions. In particular, to embrace the inter- 
disciplinary needs between structural and electronic ceramics, this year's "Cocoa 
Beach Meeting" will be held in conjunction with the ACetS Electronics Division 
Fall Meeting, which will lead to exciting new and constructive ciwss-community 
interactions and research developments. 

The Cocoa Beach Meeting is a completely open scientific forum for exchange of 
new ideas and findings. This year's meeting will highUght recent advances, 
developments, and field applications in engineering ceramics, composites, and 
electronics, and will emphasize a wide variety of ceramic materials and technolo- 
gies for the new horizon. Authors are encouraged to submit presentation abstracts 
for consideration on any relevant topic. Anyone with an interest in ceramic-based 
materials, composites, or electronic materials is invited to participate including: 
scientists, engineers, technical and program managers, production and sales per- 
sonnel, educators, and students. 

Information regarding attendance airangements will be available later this sum- 
mer. Further information will be available on The American Ceramic Society's 
web site at www.ceramics.org. 

CALL FOR PAPERS 
Abstract Deadline: July 12,2002 

Submit online at www.ceramics.org 
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Focused Topical Sessions 
The following list of topics consists of ta;hnical sessions concentratal on specific areas of interest. TTie points of 
contact (POQ identified may be contacted priw to abstract submission to determine technical content relevance. 
Publication of the proceedings fi-om the Reused Sessions will be included in the Ceramk Engineering tmd 
Science Pmceedings. 

MM Development and MannfactDring of Mmmi dramics and 
Composites 
Aniniesh Bose (K)C), Materials Processing, Inc., USA 

Rione: 817/294-0135 • B-mail: antaiesbose@aoI.com 
Ells Carlstrom, Swedish Ceramic Institute, Sweden 
Charles Lewinsohn, Ceramatec Inc., USA 

Opportunities and issues on product development and manufacturing of advanced ceramics and composites will 
be emphasized: 

• Approaches to technology analysis and manufacturing feMibillty sftidies (Including lifecycle analysis) 
• Integrated component design and prototyping (design with ceramics, joining/assembly) 
• n-ocessing of advmiced ceramics and composites (includes all near net shape processing and consolidation 

techniques) ! 
• Novel applications for engineering ceramics and composites (unconventional components and compositions) 

IpeeriniPowns Materials 
Manuel E. Brito (K)C), Syneiiy ^terials R^eardi Center, AIST, Japan 

Phone: 011-81-52-739-0135 • E-mail: manuel-brito@aist.go.jp 
Heino Sieber, Univwsity of Erlangen-Nuemberg, Germany 
Tateuki Ohjl, Syneigy Materials Research Center, AIST, Japan 

TTie Engineering Porous Materials focused session will emphasize, tat not be limited to, the following topics: 
• Advances in processing of porous materials 
• Structural characterization of porous materials 
• Structure-mechanical and thermal properties relationships 
• Applications and design issues for porous materials 
• Industrial case studies 

Biomaterials 
Mineo Mlzuno (POQ, Japan Pine Ceramics Center, Japan 

Phone: 011-81-52-871-3500 • E-mail: mlEvino@jfcc.or.jp 
Gary Fischman, University of Illinois at CJiicago, USA    , 
Richanl P. Rusin, 3M ESPE Dental ftoducts, USA 

A coordinat«l forum for advances in biomaterials and technologies, technical and coinmercialization issues, and 
opportunities: 

• Implants, s»atings, cements and drug delivery 
• Biomimetic matoials and synthesis • 

,L COCOA BEACH CONFERENCE & EXPOSITION 



• Dental ceramics 
• Bioactlve and bioinert ceramics 
• Structure/properties of nature ceramic-based materials 
• Behavior in biological environment (in vivo, vitro) 
• Synthesis, processing, characterization and properties 

Spthesis ani Processinf of lanomaterials 
Wmiam MuBlns (K>C), US Army Researeh Offlce, USA 

Phone: 919/549-4286 • E-mail: mullinsw@aro-emhl.army.mil 
Kazunori Kijima, Kyoto Institute of Technology, Japan 
Rolf Clasen, University of Saarland, Germany 

A coordinated forum for advances in all aspwts on the synthesis and prcwessing of 
nanomaterials. 

• Nanoscale synthesis 
• Self-assembly, templated assembly and growth 
• Nanqx>wders, nanoslnictui«d films and coatings 
• Ofganicteeramic structures 
• Sintering of nanocrystalline systems 
• Nanocomposite processing 
• Modeling and simulation of system processing 

ABSTRACT DEADLINE: JULY 12,2(M)2 i;' 

f': 

IpiiinCeraiicirnior 
Jeftcy J. Swab (POC), US Army RMeawh Labotatory, USA 

Phone: 410O06-0753 • B-mail: jswab@arl.army.niil 
James McCau%. Andrew Wereszczak, Jerry LaSalvia, Ernest Chin, US Army Rwearch 
Laboratory, USA 

Lisa n«kurat-Frmiks, US Tank and Automotive Research/Etevelqjment and 
Engineering Center, USA 
David Stepp, US Army Research Offlce, USA 

This annual topical session will bring together researchers ftom industry, acwlemia, and 
government organizations working on opaque and transparent ceramic armor. Focused 
sessions will emphasize, Imt will not be limited to, the following areas: 

• Processing and manufacturing 
• Ultra-lightweight, high density and transparent ceramics 
• Novel material concepts     ; 
• Penetration modeling 
• Testing (impact, shock and hi^ strain rate studies, etc.) 
• Damage evolution and micromechanisms 

f 

A 

Cocoa Beai inference 
Propiiair 
Dr. Hua-Tsy Lin 
Oak Wdge Nation^ Laboratay 
Metals and Ceramics Division 
Building 4515, Mail Stop 6068 
One Bethel Valley Road 
Oak redge,TN 37831 -6068, USA 
rtone: 865/576-8857 
Fax: 865/574-8445 
E-ma'l: linl^oml.gov 

iectrontaBiraioDProirti 
iair 
Dr.DvM^Viehland 
Vii^nia Po^echnic Institute 
Department of Materials Science 

and Eng'neering 
201 HoldenHall 
Blad<sburi,VA 2406, USA 
WiOTie: 540/231-2276 ' 
Fax: 540/231-8919 
E-mail; viehlanc©nse.vtedu 

CALL 
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Oxide Ceramics and Composites 
AH Sayir (POC), NASA Glenn R«ean:h Center, USA 

Hione: 216/433-6254 • E-mail: ali.sayir@nasa.p-c.gov 

Joan Fuller, Air Force Office of Scientific Research, USA 
Marie-Helene Beiger, Centre Des Materiaux, Ecole des Mines de Paris, France 

A coordinated forum to address various scientific and technical aspects related to multiphase oxide ceramics. 
^ Novel processing techniques 
• Microstructures and mechanical behavior 
• Intrinsic properties of oxides (magnetic, electrical, optical, mechanical) 
• Polyphase oxi<te ceramics: processing and properties I 

Fuel Cells: Materials, Developments and ippfations 
Co-sponsored 1^ the Society for Automotive En^neering 
Harian Anderson (K>C), Unlverelty of Mteonrl-Rolla, USA 

Hione: 573/341-4886 • E-mail: harlanua@umr.edn 
Tim Armstrong, Oak Ridge National laboratory, USA 
Armin Reller, Univereity of Augsbui^, Germany 

This session will focus on the recent advances in the scientific and technological «tovelopments, processin^prop- 
erties, reliability, system ctesign/applications, and field demonstrations and commercialization of the fliel cell 
materials. Specifically, contritafions in the following topic areas are solicited: 

• Materials processing and development of fiiel cell materials ; , 
• ftocessin^microstnicture/properties relationship 
• Designing fiiel cells for production/manufacturing 
• Thermochemical reactivity and durability of fijel cells 
• Modeling of materials transport and stability 
• Environmental effects on long-term reliability 
• Commercialization/demonstration status 

fias, Chemical and Biological Ceramic Sensors 
GIrish Kale (POC), Univereity rf Leeds, United Ktogdom 

Phone: (KM4-113-2332805 • E-mail: g.m.kale@leeds.ac.nk 
Sheikh Akbar, Ohio State University, USA 
Henk Verweij, Ohio State Univereity, US A 

This session will focus on ceramic materials and related technologies for sensors and use of these sensors in 
industrial applications and processes. 

• Novel materials and designs for sensore \ 
• Novel or improved fabrication techniques for sensOTS 
• Novel typM of sensors and/or new sensor ^jplications 
• Theory, modehng and simulation 
• Sensor data analysis and packaging 
• Intrinsic capabilities or limitations of sensors or sensor materials 

L COCOA BEACH CONFERENCE Si, EXPOSITION 



ABSTRACT DEADLINE; JULY 12,2002 ., 

ImposiufflTop 
Spposium I: Mecknical Behavior and Desip of 
Ifineerinf Cerainics and tompo A^ 
Symposium Organizers: 
Andrew Werrazczak (POC), US Army R^earch Laboratory, USA 

Phone: 410/306-0858 • E-riiail: awereszcEak@arl.anny.inil 
Mark Andrews, Caterpillar, USA 
Ramakrishna Bhatt, US Army Research Ldxjratory, USA 
Stephen Duffy, Cleveland State University, USA 
Jurgen Heinrich, Technical University Clausthal, Germany 
MichaelJenkins, University of Washington, USA 
Akira KWhyama, Kyoto University, Japan 
Walter Krenkel, DLR German Aerospace Center, Germany 
Edgar Lara-Cuizio, Oak Ridge National Laboratory, USA 

Sponsored by: 
Engineering Ceramics Division, US Army Research Laboratory, DOE Office of 
Distributed Energy Resources 

A coordinated forum for the presentation of advances in all aspects of the R&D of fte 
, performance evaluation of ceramics and composites and their application to structural 
component design. Specifically, contributions in the following tc^ic areas are solicited: 

• Perfomiance Evaluation rf Ceramlra and ConqrosItM 
• Mechanical characterization 
• Thermal response 
• Damage evolution and its effects 
• Residual and internal stresses and their effects 
• "nme-dependent properties and environmental effects 
• Statistical variation in properties and performance 
• Wear properties and interaction of ceramics with metallic components 
• Advanced characterization methods (e.g., NDB methods to iassess surface-subsur- 

face strength limiting failure modes) 

• Material and Property Modeling 
• Microstnictural and physics-based design 
• Fiber architecture effects on predicted performance 
• Interface mechanics 
• Laminate and multiphase structures 
• Qjntrol and engineering of residual stresses 

• Design, Modeling and Testing of Structural Components 
• Strength-size-scaling issues 
• Flaw populations and data censoring 
• Consideration of creep and fatigue 

Conferenro Papers 
All conference p^ers will be published 
under one cover in Hie Cemmic 
Engmering and Sderice Proceedings. 
All p^>ers must be mailed to Sodety 
Headquarters by January 10,2003. ; 
Papers submitted at ttie meeting may 
not be included in tfie proceedings. 
Submit to: 
Sarah Godby 
Cocoa Beach Manuscript 
The American Ceramic Society 
735 tttwnic Race 
Westenrtlle, OH 43081-8720, USA 

Mibit Opportunities 
Reach 500 research and product dev^- 
opment engineers involved in composites, 
advanced ceramics, electronic materials 
aid strucUjres.Two booth sizes a* avail- 
able in limited quantities: 8'x8*- $B(X) 
andlO*xlO'-$IO(X). 
The evening exhibits take place Hondy 
and Tuesday, January 27 and 28,2tt)3, 
from 5:30-8 pm. at tiie Hilton Hotel. 
A cash-bar and horsd'oeuvres necepUon 
takes place each night On Hond^.the 
conference poster session is held adjacent 
to the exhibit room. On Tuesday ni^ 
winners of the poster session are dis- 
pl^ied in the Exhibit Hall. 
For more information on Cocoa Beach 
marketing opporhjnities aid to reserve 
your booth space, contact Peter Scott, 
sales manager; at 614/794-5844 or 
pscott^cers.or^    : ; 

CALL 



Hotel Information 
A blodc of rooms has been reserved 
for meeting attendees at the following 
hotekThe group rates (per night) are 
a/alable until January 4,2003. Rates do 
not include the \(M, sales tax. 

DoubleTree OceMifront Hotel 
fCon^rence hotel) 
Hione: 800/552-3224 or 
321/783-9222 
Single/Double: $99 
Triple/Quad: $115 

HiltohHotel 
(Extubitjon hotel; shuttle to DouWeTree 
provfded) 
Phone: 8CX)/526-2609 or 
32l/799-0(»3 
Single/Double: $105 

Howard |ohnson Express Inn 
(A<$acent to DoubleTree) 
Hidne:8CXy552-3224or 
321/783-8855 
Single/Double/Triple/Quad: $75 
^laxks continental bwakfast) 

Be sure to mention The American 
Ceramic Society when making your 
reservations.  ; 

• Proof testing, NDE analysis and quality assurance 
• Case studiM [   ,     i 

• IC and gas turbine engine applications 
• General stractnral applications 
• Wljen mechanical performance of a non-shiictural ceramic subcomponent can be a 

life limiter of the component's intended flinctionality (e.g., electronic devices, fuel 
cells, membranes, nuclear fission and fiision components, etc.) 

Publication of the proce«Mngs of this symposium will be included in the Ceramic 
Engineering and Science Proceedings. ^ 

Spposium II: idvanced (Jeramio Coatinp for 
iructuraj/inmnmental and Functional Ipplications 
Symposium OrgMilzers: ; 
Dwigntog Zhn (POC), NASA Glenn Reseatdj Center, USA 

Phone: 216/433-5422 • E-mail: dong1ning.2hu@grc.nasa.gov 
Uwe Schulz, DLR-German Aerospace Center, Germany , 
Ellen Y. Sun, United Technologies Research (inter. USA 
Hartmut Schneider, DLR-German Aerospace Center, Germany 
Jeffrey I. Eldridge, NASA Glenn Research Center, USA 
YutakaKagawa, University of Tokyo, Japan / 
Kazuhisa Miyoshi, NASA Glenn Research Center, USA 
Jitendra P. Singh, Argonne National Laboratory, USA 
Narottam P. Bansal, NASA Glenn Research Center, USA 
William J. Clegg, Cambridge University, UK 

Sponsored by: 
Engineering Ceramics Division, NASA Glenn Research Center, DOE Office of 
Distributed Energy Resources. 

This S3fmposium will focus on recent advances in coating development, processing, 
microstnicture and property characterization, and life prediction. Intepatai structural, 
environmental properties and functionality through advanced coating processing and 
shuctura! design are particularly emphasized. Specifically, contributions in the following 
topic areas are solicited: 

• Thermal barrier coatings 
• Environmental barrier coatinp 
• Nanostructured and smart coating systems 
• Radiation barrier and thermal control coating systems 
• Tribological coatings 
• Advanced testing and non-destructive evaluation 
• Interface phenomena, adhesion and failure mechanisms 
• Micromechanlcs modeling and coating life prediction 

Riblication of the proceedings of this symposium will be included in the Ceramic 
Engineering and Science Proceedings. 
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A Novel Bioclastic Route to Self-Assembled, 3-D Nanopartide Structures 
with Tailored Chemistriesj the BaSIC Process 

KenH. Sandhage 
Professor, Dept, Materials Science & Engineering        > 

The Ohio State University, Columbus, OH 

Abstract: "Bioclastic" is defined as "of rock or similar material attaining its present form 
through the action of living organisms" (Websters 3"" New International Dictionary, unabridged). 
A novel, hybrid (biological + synthetic chemical) fabrication route is introduced that utilizes 
bioclastic preforms to generate chemically-tailored nanoparticle structures with complex, three- 
dimensional (3-D) shapes: the BaSIC (Bioclastic and Shape-preserving Inorganic Conversion) 
Process. This process is illustrated by converting diatom (biosilica) microshells into other 
compositions while retaining tihe starting microshell shapes and meSo-to-nanoscale features.       ; 

Diatoms are single-celled planktonic algae that are ubiquitous to marine and freshwater environ- 
ments (e.g., from arctic to equatorial conditions). Diatoms form intricate microshells (frustules) 
comprised of self-assembled nanospheres of amorphous silica. The number of extant diatom 
species is wlO^ with each species forming a 3-D frustule possessing a unique shape arid a distinct 
pattern of fine features (e.g., meso-to-nanoscale pores, ridges, channels, protuberances). 
Enormous numbers of identical frustules can be generated by the continued reproduction of a 
single diatom species (e.g., 80 replications = 2*° = 1.2 triUion trillion > Avogadro's number!). 
Such massively parallel and precise self-assembly of 3-D nanoparticle structures is highly 
attractive for nanotechnological applications. However, the range of potential applications is 
severely limited by flie silica-based chemistry of diatom frustules. 

The compositional limitation of diatom frustules is overcome in the BaSIC process by using 
fluid/solid conversion reactions to alter the chemistry, but not the khape or fine features, of the 
frustules. To demonstrate this process, capsule-shaped Aulacoseira diatom frustules have been 
converted into MgO, CaO, TiOa, ZrOj, and SiC with a retention of the capsule shape and 
features. Biosculpted silica structures with non-natural shapes, obtained by patterning with 
silaffins (peptides extracted from diatoms), have also been converted. Reactions leading to a 
variety of other ceramics have been identified. Such shape-preserving chemical conversion, 
coupled with genetic tailoring of diatom frustule shapes, would allow for the low-cost mass 
production of Genetically-Engineered Micro/nanodevices (GEMs) for numerous applications. 

Biosketch: Ken H. Sandhage received a B.S. in Metallurgical Engineering with Highest 
Distinction from Purdue University and a Ph.D. in Ceramics from the Massachusetts Institute of 
Technology. Prior to joining OSU in 1991, Sandhage worked as a Senior Scientist on process 
R&D at Coming, Inc. and at American Superconductor Corporation. Sandhage's research at 
OSU has focused on novel reaction processing of a variety of ceramics and ceramic composites 
for biomedical, sensor, refractory, electromagnetic, and structural applications. He has received 
the Purdy (best paper) Award from the American Ceramic Society (1996), the Lumley Research 
Award from OSU (2002, 1997), and an Outstanding Materials Engineer Award from Purdue 
(1997). In 1999-2000, Sandhage was a Humboldt Fellow in the Advanced Ceramics'Group at 
the Technical University of Hamburg-Harburg. He is a Fellow of the American Cerattiic Society. 



Using to Manufacture 3-D Ceramic Microdevices 

A novel, biologically-based approach for mass producing chemically-tailored, three- 
dimensional (3-D) ceramic microdevices with fine (meso-to-iianoscale) features is being 
examined in a collaborative research effort between the groups of Dr. Ken Sandhage (Ohio State 
University, Columbus, OH) and Dr. Morley Stone (Air Force Research Laboratory, Wright- 
Patterson Air Force Base, OH) through support provided by the Air Force Office of Scientific 
Research. This revolutionary process could open the door to low-cost microdevices for a host of 
DoD and commercial applications (e.g., optical, biomedical, sensor, microfluidic, catalytic). 

The conventional production of microdevices has been focused on two-dimensional, layer- 
by-layer processes (e.g., micromachining by photolithography/chemical etching). Such 
processing is not well-suited for the fabrication of microdevices with complex, 3-D shapes. 
Nature, on the other hand, provides numerous examples of microorganisms that directly generate 
3-D ceramic microstructures with complex shapes. The shapes of such "bioclastic" structures 
are a result of self-assembly that is directed by the microorganisms. Among the most dramatic 
examples of bioclastic structures are the microshells (frustules) of diatoms (Bacillariophytd)! 
Diatoms are single-celled algae that populate a wide variety of aquatic environments (marine and 
freshwater; equatorial to arctic climates). Indeed, it is estimated that more than 20% of the 
carbon used to generate new primary organic matter on earth each year is tied up in diatoms. 
Each diatom cell contains a fruslule comprised of a nanoporous assembly of amorphous silica 
nanoparticles (typically tens of nanometers in diameter). Each species of diatom assembles such 
nanoparticles into a frustule with a unique 3-D shape. Because the number of extant diatom 
species is estimated to be on the order of lO*, nature provides a tremendous variety of frustule 
shapes for potential microdevice applications (Figure 1). The maximum dimensions of diatom 
frustules can range from less than 1 micron (e.g., for Chaetocerds galvestonensis) to several 
millimeters (e.g., fot Ethmodiscus rex). The frustules are decorated with fine, meso-to-nanoscale 
(<10^ nm) features, such as pores, ridges, channels, and protuberances, arranged in well-defined, 
species-specific patterns. Contmued replication of a single parent diatom can yield enormous 
numbers of descendant diatoms, each of which would possess a frustule of the same shape. For 
example, 80 replications of a single parent Krr^wr:^ 
diatom would yield 2^ or 1.2X10^ (twice HBli 
Avogadro's number!) similarly-shaped 
frustules. Such massively-parallel, precise, 
and direct fabrication of 3-D micro- 
structures with fine (meso-to-nanoscale) 

Figure 1. Secondary electron images of 
diatom frustules (reprinted with permission 
from F. E. Round, R. M. Crawford, D. G. 
Mann, The Diatoms: Biology and 
Moiphologv of the Genera. Cambridge. 
University Press, 1990). 



features under environmentally benign conditions is highly attractive for ihicro/nano- 
technological applications. However, the range of potential applications is severely limited by 
the silica-based composition of all diatom frustules. 

The chemical limitation of diatom frustules has been overcome via a new process invented 
by Ken Sandhage, a professor in the Department of Materials Science and Engineering at Ohio 
State University, and his team of students. This new method, termed the BaSIC process (for 
Bioclastic and Shape-preserving Inorganic Conversion), utilizes certain chemical reactions to 
Convert diatom frustules into new compositions while retaining the original frustule shape and 
fine features. One class of such reactions are oxida:tion-reduction displacement reactions of the 
following type: 

2Mg(g) + Si02(s)=>2MgO(s) + {Si} (1)      ; 

where {Si} refers to silicon dissolved within a Mg-Si liquid (note: this Mg-Si liquid is a result of 
the continued reaction of the silicon, generated upon reduction of silica, with excess gaseous 
niagnesium). This displacement reaction has been used to convert capsule-shaped frustules of 
the didiam Aulacoseira into magnesium oxide, as shown in Figure 2, The images in Figures 2a 
and 2b reveal that the overall shapes and fine features (nodules, protuberances, pores) of the 
frustules were well preserved after conversion into magnesium oxide. Image analyses of the fine 
pores running in rows along the Aulacoseira wall (Figs. 2a and b) revealed little change in the 
pore size distribution upon conversion. Indeed, the average pore size before and after convereion 
agreed to within 30 nm! Solidified Mg-Si liquid (the {Si} product of reaction (1)) can also be 
seen under a reacted frustule in Figure 2b. Because this liquid preferred to wet the metallic 
substrate more than the MgO, the liquid sweated away during reaction at 750-9WC, so as to 
yield monolithic MgO frustules, A higher magnification secondary electron image, revealing the 
crystalUne nature and fine grain size (a few hundred nm) of the converted frustule, is shown in 
Figure 2c, An energy-dispersive x-ray (EDX) spectrum, revealing the presence of Mg and O in 
the converted frustule, is shown in Figure 2d (note: the small gold peak in this EDX pattern is 
due to a gold coating applied to the frustule to avoid charging). Transmission elecfron 
microscopy of ion-milled cross-sections confirmed the fine-grained nature Of the MgO frustule, 
and the absence of residual silica or Mg-Si liquid within the converted frustule wall, after 1 hour 
of reaction at 900°C, 

Work over the past year has demonstrated that the BaSIG process can be used to convert 
diatom silica into a variety of other ceramic compositions, including ZiOj, TiOj, CaO, and SiC, 
while preserving the starting frustule shape and features. Examples of Aulacoseira frustules 
converted into zirconia and silicon carbide are shown below in Figures 3a and b, respectively. 
Thermodynamically-favored reactions leading to a number of other ceramics have also been 
identified and are under active study. 

The BaSIC process has also been applied to biosilica structures with tailored (non-natural) 
shapes generated by Dr. Rajesh Naik and Dr. Morley Stone (Biotechnology Group, Air Force 
Research Laboratory, Wright-Patterson Ak Force Base). A 19 amino acid peptide segment of a 
silaffin polypeptide, derived from the diatom Cylindrotheca fusiformis, has been found to 
dramatically enhance the rate of precipitation of silica from silicic acid solutions. By applying 
external forces (e.g., from flow fields, electric fields) during such precipitation, Naik and Stone 
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Figure 2. Secondary electron images of the same AuUcoseira diatom frustules: a) before and b) 
after conversion into MgO via reaction (1) at 900°C. Ten specific features are identified in the 
starting and converted frustules. A higher magnification image of a converted MgO finstule is 
shown in c). An EDX pattern obtained from the converted frustule is shown in d). 1 ■ 
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Figure 3. Secondary electron images of capsule-shaped Aulacoseira diatom frustules converted 
into:  a) Z1O2 (side view of converted frustule) and b) SiC (end view of converted frustule). 
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have succeeded in sculpting the resulting biosilica into tailored shapes. For example, a 
multifilamentary biosilica structure, generated by forcing a solution of the peptide segment and 
silicic acid to flow in a piattem involving laminar shear, is shown in Figure 4a. This biosilica 
structure was tiben exposed to Mg(g) at 90O''C. The resulting multifilamentary MgO is shown in 
Figure 4b. The general shape and multifilamentary nature were retained upon conversion into 

Figure 4.   Secondary electron images of a biocatalyzed, multifilamentary silica structure: a) 
before, and b) after reaction with Mg(g) for 4 h at^)0°C. 

MgO. These images demonstrate that biosilica structures with tailored (non-natural) shapes may 
also be converted into other ceramics with a retention of the starting shapes and fine features. 
That is, peptides derived from diatoms may be used to "biosculpt" silica structures with tailorwi 
shapes that, in turn, may be converted into desired compositions through shape-preserving 
reactions. This novel biosculpting and reactive conversion approach opens the door to a wider 
variety of ceramic shapes and compositions than are available in riature, so that a broader range 
of potential microdevices may be produced that are of interest to the U.S. Air Force (e.g., 
sensors, biodegradable microcapsules, etc.). 

The BaSIC process merges the attractive characteristics of biology (i.e., rapid, directed self 
assembly of precise 3-D nanoparticle structures under ambient conditions) with those of 
synthetic reaction processing (i.e., low-temperature, near net-shape conversion of ceramic 
preforms into new compositions) to yield complex-shaped 3-D nanoparticle structures with 
tailored chemistries. A schematic illustration of a BaSIC manufacturing process is shown in 
Figure 5. Microorganisms, like diatoms, may be used as biofactories to generate large numbers 
of bioclastic microstructures with identical shapes and fine features (i.e., through sustained 
reproduction). Subsequent convereion reactions may then be used to simultaneously convert all 
of the microstructures into the desired ceramic composition while preserving the starting shapes 
and fine features (such conversion is illustrated with a color change in Figure 5). 

While the feasibility of the BaSIC process has been demonstrated, further research is 
required to obtain better fundamental understanding and control of shape-dictating mechanisms 
during diatom biosilicification, and of the mechanisms of shape-preserving chemical conversion. 
Such research is the subject of a recently-awarded MURI proposal ("Genetically-Engineered 
Microdevices with Tailored 3-D Shapes, Nanoscale Features, and Chemistries," K. H. Sandhage, 



M. M. Hildebrand, B. P. Palenik, R. R. Naik, M. O. Stone, R, A. Rapp, A. T. Conlisk, Jr., D. J. 
Hansford) involving a multidisciplinary team with expertise in diatom microbiology, diatom 
genetics, biochemistry, and shape-preserving reaction processes. 

The BaSIC Manufacturing Process 

Use microorganisms as blofactorles to precisely and rapidly replicate large numbers 
(2") of rigid, 3-D self-assembled, nanoparticle'structures: 

%:^' 

Use shape-preserving chemical convemon methods to alter the composition for 
desired properties. 

Figure 5. Schematic of the BaSIC process for mass producing 3-D ceramic microcomponents 
with tailored shapes, fine (meso-to-nanoscale) featm-es, and chemistries. 

Given the precision with which frastule shapes are replicated upoii reproduction of a particular 
diatom species, it is apparent that such fidelity is under genetic control. Furthermore, given the 
wide variety of shapes exhibited by extant diatom species, it also appears that extensive 
alteration of die genes controlling the fnistule shape is possible in viable diatoms. Hence, it is 
likely that genetic engmeering of viable diatoms will lead to frastules with tailored (non-natural) 
shapes and nanoscale features. I'-tiu :• qlh-^Enginecred Mkmlnam^dfvieev ((IT'M-:'' with 
tailored structures and compositions could then be mass produced by sustained reproduction of 
genetically-altered, viable diatoms followed by chemical conversion via the BaSIC process. 
Such BaSIC-derived micro/nanostructures with tailored shapes, features, and compositions could 
find widespread use in medicine (e.g., for targeted radiation or drug delivery), 
telecommunications (e.g., microoptical devices), transportation (e.g., microfluidic devices), 
manufacturing (e.g., microelectromechanical devices), energy production and storage (e.g., 
microfiiel cells, microbatteries), and defense-based applications (e.g., microsensors, microtags). 
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ABSTRACT 
Alumina and alumina-based compounds were prepared using high specific 

surface area AI2O3 monoliths obtained by a novel preparation method. 
Impregnation with either liquid or vapor species followed by a thermal 
treatment under air or a reducing atmosphere leads to nanostructured spinels, 
muUite, AlaOs-metal or AlaOj-oxide composites. 

INTRODUCTION 
Many technological applications require materials with a controlled 

microstructure or/and chemical composition. In addition, low density or/and 
high specific surface area are needed for catalysts, sensors, filtration 
membranes, composites. Alumina and alumina-based compounds like spinel 
Al2Mg04 or muUite AlsSiaOis are of special interest because of their thermal 
stability and mechanical properties. This paper describes the synthesis of these 
compounds and various AlaOs-metal or AlaOa-oxide composites with 
nanometric grain size starting fi-om porous alumina precursors. 

NANOMETRIC ALUMINA AND SiOa-MODIFIED ALUMINA 
The starting materials are monolith alumina preforms consisting of 

nanometric amorphous or y-aluminas. In particular, we have used porous 
monolithic samples obtained by room temperature oxidation of Al plates 
through a liquid mercury layer [1]. The composition and the structure of 
hydrated alumina filaments produced by this way were described by Pinel and 
Bennett [2]. The new process that we have developed produces shaped alumina 
monoliths at a typical rate of about 10 mm.h"* and the growth can be 
maintained during tens of hours. These alumina samples have a very light 
density ranging fi-om 0,01 to 0.05x10' kg.m"' depending on the growth 
conditions. 



After a dehydration treatment at 400°C, AI2O3 amorphous monoliths are 
obtained with a nanostructure consisting of tangled filaments of about 5 nm 
diameter with large voids between them (fig, 1), The material crystallises first 
into Y-alumina at 870°C and then transforms into B-alumina above llOO^C. 
The average grain size is about 10 nm and the density remains very low 
(< O.lxlO' kg.m''). At 1200''C-1250''C, transformation into a-alumina occurs 
which leads to a microstructure with 200-300 nm grain size (fig. 2). Density 
increases by about one order of magnitude at the 8 -* a transition and above 
1350°C densification occurs by sintering of the a alumina phase. Thus, various 
alumina samples with a controlled porosity can be prepared by adapting the 
thermal cycle. 

Figure 1: raw alumina sample Figure 2: after annealing at 1200*^0 
(second electron SEM image) (second electron SEM image) 

The veiy high porosity of starting hydrated raw monoliths allows a rapid 
and homogeneous impregnation by gaseous species. In particular, a flow of 
silicon alkoxides difflising inside the porous network is hydrolysed by the 
hydrated alumina surface. A remarkable modification of tiie thermal behaviour 
of alumina is obtained when a low amount of silica (about 6%*weight SiOa) is 
incorporated by this way using trimethylethoxysilane (TMES). Without Si 
addition, the specific surface area of the raw material ranges between 300 and 
420 m .g' depending on preparative conditions. After crystallization, the 
specific surface area stays relatively high (around 100 m^.g"') and considerably 
decreases towards 5 m^.g'* at the e-*a transformation. Silica addition delays 
the transformation into a-AlaOs up to 1400°C instead of 1200°C without silica 
addition. This chemical modification stabilizes aluminas with high specific 
surface area at higher temperature as shown on Figure 3, 
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Figure 3 : Variation of the specific surface area versiw temperature 
(4 hours annealing) for porous alumina impregnated or not by TMES. 

NANOSTRUCTURED ALUMINA COMPOUNDS 
a) nanometric mullite: 

Similarly, silica can be incorporated using tetraethoxysilane (TEOS) 
vapour. This alkoxide with four hydrolysable functions permits higher silica 
additions than TMES. In particular, for the composition of mullite 
SAlaOa-lSiOa, nanometric mullite monoliths are obtained after reaction. The 
average crystallite size determined from XRD line broadening is 10 nm at 
1000°C and 30 nm at 1200°C (fig. 4). Transmission electron microscopy 
(TEM) images show that tiiis size corresponds to crystalline particles (fig.5). 
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Figure 4: X ray dif&action pattern of 
nanometric mullite prepared at 1200°C 

Figure 5: HRTEM image of a mullite 
nanocrystal prepared at 1200°C 



b) nanometric spinels: 
Liquid impregnation is another way for chemical species to be introduced. 

After absorption of aqueous solutions of divalent metal salts by porous alumina 
preforms, calcination in air at low temperature (200-500*^C) leads to 
nanometric MO particles (M= Mg, Ni), A subsequent heating treatment 
produces the reaction with alumina to form MAI2O4 spinel phases. For 
example, after impregnation of a porous alumina with a 300 nm ^ain size (fig. 
2) with a magnesium nitrate solution, MgO is observed after annealing at 
500°C, spinel appeare at 900°C and the reaction is completed at 1200°C. After 
treatment at 1200*0, the spinel samples keeps the same microstructure as that 
of starting a-AlaOa. However, the transformation of each corundum grain into 
spinel produces aggregated spinel crystallites with a size around 100 nm. 
Similar behaviours and microstructures are obtained for NiAl204 and O0AI2O4 
porous samples [3]. 

If the raw hydrated alumina is treated by TMES as previously exposed, 
spinels are formed at a lower temperature after a similar impregnation by Mg 
or Ni nitrate and annealing. Reaction into spinels occurs in tiiat case at a finer 
scale. The reaction starts at 700°O and is completed at 1000*0 in 4 hours for 
MgAl204 and NiAl204. This process allows to obtain nanometric spinels (fig. 
6) with a microstructure similar to that of figure 1. The crystallite size stays in 
the range of 10 nm up to 1000°O (fig. 7), These samples display a high specific 
surface area which is higher than 40 m^.g'* for preparation at temperatures of 
700*0 to llOO'C. 

1 iim 

Figure 6: SEM image of a nanometric 
NiAl204 spinel prepared at lOOO^C 

600       800      1000     1200 

Figure 7 : Average crystallite size of 
MgAl204 spinel after 4 hour annealing 



AI2O3-OXIDE and AI2O3-METAL NANOCOMPOSITES. 
Particles of various oxides (TiOa, ZiOa, CeOa) were introduced on alumina 

preforms by liquid impregnation of salt solutiom. The size of crystallites 
covering porous aluminas is in the range of 5 to 20 nm depending on 
conditions of calcination and crystalUsation [3-4], This technique has been also 
used to prepare WO3/AI2O3 and M0O3/ AI2O3 catalysts for cracking and 
skeleton isomerization of hexenes [5-6]. 

The reduction of nickel or cobalt oxides dispersed in Y or a alumina under 
dihydrogen or a CO/CO2 buffer atmosphere gives metal-ceramic composite 
samples. Another route used was to reduce the spinel formed by the reaction 
discussed previously. Depending on the preparative route, the temperature of 
reduction ^setween 650 and 1025°C) and the oxygen partial pressure (between 
10'*^ to lO'^** atm), metallic particles have a size distribution varying from 10 
nm to 100 nm [7]. These composites consist of Ni or Co particles dispersed in a 
submicronic a alumina porous matrix or in a nanometric Y or 0 phase (fig. 8). 

Figure 8 : Nanocomposites consisting of Ni particles dispersed in y alumina 
obtained by reduction of NiO at 700°C under a CO/CO2 controlled oxygen 
pressure (p02= 10"^"atm). Left part: 10% volume Ni, right part: 5volume% Ni. 

Backscattered electron SEM images. 

CONCLUSIONS 
This paper presents various examples of preparation of nanostructured 

porous materials based on alumina. The insertion of chemical species by 
gaseous and liquid absorption into porous preforms followed by a thermal 
treatment leads to the synthesis of alumina compounds with a nanometric or 
submicronic microstructure. Metal-alumina nanocomposites can also be 
prepared by this way and recently carbon nanotubes were grown inside such 
aluminas from cracking of an organic precursor [8]. 
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