TIMIS
BecomeAdMSMembe s

TMS derives its strength from its members, who take a hands-on approach to
shaping the policy, programming, and publications of the society. Guided by
these volunteers, TMS serves all segments of its professional community by:

FACILITATING NETWORKING:

By sponsoring numerous annual meetings and specialty conferences, TMS maximizes the opportunities for professionals
from industries, universities, and government agencies worldwide to meet face to face and exchange technical ideas and
experience, offer customer/client insights, find a mentor and/or serve as one, and just plain chat with peers and colleagues.

PRODUCING JOM AND OTHER PUBLICATIONS:

Every TMS member receives a complimentary subscription to JOM. Formerly Journal of Metals, this highly respected monthly
journal, explores traditional, innovative, and revolutionary issues in the minerals, metals, and materials fields. Designed to be
of maximum and immediate benefit to readers throughout the world, JOM is on-line before the print version is mailed.

TMS also publishes three other journals (Journal of Electronic Materials and Metallurgical and Materials Transactions A and
B), numerous conference proceedings volumes and textbooks, and videos designed to give materials scientists and engi-
neers the latest information on scientific and applied advances in areas as diverse as electronic materials, automotive manu-
facture, and extractive metallurgy.

PROMOTING LIFE-LONG LEARNING:
TMS is dedicated to the education of the materials science and engineering professional as well as to cultivating an interest
in the field by young people.

For the practicing professional, TMS and its five technical divisions sponsor continuing education courses, primarily technical
but also nontechnical, to promote the education and development of current and future professionals.

For student members, TMS participates on both the Accreditation Board for Engineering & Technology (ABET) and the Na-
tional Council of Examiners for Engineering and Surveying (NCEES) to help, respectively, maintain the highest possible
standards in the accreditation of metals and materials programs in academia and in the registration of professional engineers.

—Allindividuals registering for the 131st Annual Meeting & Exhibition at the non-member fee will automatically
receive a one-year complimentary introductory membership for 2002. Your membership will be activated upon
completion of your registration form, membership application, and payment of the non-member registration
fee. You will receive a membership card and new member packet immediately after the meeting.

» Members from 77 countries and six of the world’s seven continents.
» All new members will begin receiving a monthly subscription to JOM.

* New members will also be able to continue networking with a prestigious membership at future TMS meet-
ings that fit their area of interest at a discounted member fee.

» Additional benefits include access to, and inclusion in the TMS Membership Directory on TMS OnLine at
www.tms.org., professional development and continuing education opportunities, and group insurance pro-
grams. See the membership page on TMS OnLine for a complete list of membership benefits.

* Please direct any questions regarding your complimentary membership to the TMS Member Services De-
partment via email to castello@tms.org or via phone to Margie Castello (724) 776-9000 Ext. 241.




TMS THE MINERALS, METALS & MATERIALS SOCIETY

PROMOTING THE GLOBAL SCIENCE AND ENGINEERING PROFESSIONS CONCERNED WITH MINERALS, METALS, AND MATERIALS

GREAT MEMBER BENEFITS

184 THORN HILL ROAD
WARRENDALE, PA 15086-7514
USA

TELEPHONE: (724) 776-9000
(800) 966-4867
Fax; (724) 776-3770

WEB: WWW.tms.org

THE VISION OF TMS ISTO
BE THE PROFESSIONAL
SOCIETY OF CHOICE
FOR THE WORLDWIDE
MINERALS, METALS AND
MATERIALS COMMUNITY.

¢ Five distinct technical divisions which
are composed of 52 separate, highly
specialized committees

* Periodicals: JOM, Metallurgical and Materials
Transactions A and B, Journal of
Electronic Materials

 Conference Proceedings, Monographs,
and Textbooks

e TMS OnLine & the TMS Document
Ordering Center

» TMS Conferences: TMS Annual Meeting &
Exhibition, TMS Fall Meeting, TMS Fall
Meeting for Extraction & Processing,

Electronic Materials Conference,
Specialty Conferences

¢ Professional Development and Continuing
Education Opportunities

¢ Professional Registration
* TMS Young Leaders
TMS Resume Referral Service

TMS Gold or Platinum MasterCard
Group Insurance
TMS Membership Directory

* TMS Speakers Directory

International Healthcare Plan
Hertz Car Rental Discounts
Auto and Homeowners Program

PROinsure Program
A Professional Liability/Errors and
Omissions Program

PRObop Program

A Professional Business Owners
Package Program

Member Benefits Program

Receive a 20% Rebate Buying or Selling
Your Home

Nelson Financial Services Program

WAAIME Auxiliary Activities

ADMISSION REQUIREMENTS

FULL MEMBER

A candidate for election as full member shall be a person of
integrity in activities associated with minerals extraction, pro-
cessing, fabrication, or with materials applications. A candidate
shall hold: (a) A baccalaureate degree in metallurgy, metallur-
gical engineering, materials science, or materials engineering,
and at least 3 years’ professional experience. (b) A baccalaure-
ate degree in science or engineering in a discipline other than
identified and at least 5 years’ professional experience. (c) A
baccalaureate degree from a recognized university in a disci-
pline other than (a) or (b) and whose main activities lie in, but
are not limited to, the development, management, administra-
tion, welfare, sales, or services to the minerals, metals and ma-
terials industries, with at least 7 years’ experience. A credit in
experience of one year for a masters degree or two years for a
doctoral degree shall be granted.

Annual dues: $90.00

ASSOCIATE MEMBER

A candidate for associate member shall be a person of integrity
who, while not possessing the academic or technical experience
of a member, is active in fields that are sufficiently related to the
advancement of, or service to, the minerals, metals or materials
extraction, processing, or applications industry.

Annual dues: $90.00

The Minerals, Metals & Materials Society is a member
society of the American Institute of Mining, Metallurgica

and Petroleum Engineers, Inc.

LIFE MEMBER

A candidate for election as life member shall be a person who
qualifies as a full member or associate member and desires to
only pay dues once.

Dues: $1,350.00

Pay dues once, effective for lifetime regardless of dues increase(s).

REINSTATEMENT

Those members who may have let their dues payment lapse
may reinstate in the same grade as when they left by submit-
ting a new application and paying a reinstatement fee of $10.00
plus current dues. If original election year is desired, back dues
must be paid to date (half the annual dues fee for each year of
lapsed membership); otherwise, election year will be year of
reinstatement.

The TMS membership year runs from January 1-December 31.
Applications received January 1-September 30 will be processed
for the current calendar year.

Applications received after September 30 will be processed for
the remainder of the current calendar year and the entire follow-
ing year. Membership benefits commence upon processing; sub-
scriptions commence January-December of the following year.

Two weeks required for processing of complete applications sub-
mitted with full payment. Incomplete applications will not be pro-
cessed. Allow eight to ten weeks for subscriptions to start.



PDF-2001 ANNUAL MEETING-WEB

MEMBERSHIP APPLICATION

PLEASE TYPE OR PRINT

O Mr. O Mrs. 0 Ms. NAME:
O Dr. [ Professor TAST FIRST TMIDDTE TNITTAT

SEND MAIL TO: TITLE:

O Business Address COMPANY OR ORGANIZATION:
0 Home Address
TECHNICAL DIVISION BUSINESS:
SELECTION:
D EIeCtrOr:"C, Mag.nenc’ & . PHONE FAX TOLLFREE# E-MAIC WEBADDRESS
Photonic Materials Division
) . HOME:
O Extraction & Processing STREETORP.O. BOX TITY STATE JDIGIT ZIPTPOSTAL CODE TOUNTRY
Division
O Light Metals Division PHONE FAX ENAT
O Materials Processing &
Manufacturing Division
O Structural Materials Divison | WHAT IS THE PRIMARY ACTIVITY OF YOUR PLACE OF EMPLOYMENT? (check one)

STREETORP. 0. BOX CITY STATE 9DIGIT ZIPTPOSTAL CODE COUNTRY

MONTH DAY YEAR

THROUGH WHAT MEANS [0 Commercial Laboratqry O Mgnufacturer of Finished Products (OEMs) O Edupatiopal o

WERE YOU ENCOURAGED | Gov_ernmenthonprofn Laboratory O Primary Metals Producer O Engineering or Consulting Firm

TO JOIN TMS? [ Engineered Materials Producer [0 Secondary Metals Producer
00 TMS Annual Conference [0 Manufacturer of Parts/Components [0 Producer/Processor of Materials 0 Other
0 TMS Fall Conference WHAT BEST DESCRIBES YOUR PRIMARY JOB FUNCTION? (check one)
O Specialty Conference 0 Applications/Product Development 0 Metallurgical Materials Selection 0 Manuf./Production Management 0 Consultant
0 Exhibitor [ Basic Research 0 Corporate Management 0 Quality Engineering 0 Educator
0 TMS Staffed Booth 0 Product Engineering and Design O R & D Engineer 0 Marketing or Sales 0 Student
0 Jom O Technical/Lab Management O R & D Scientist
0 MET TRANS, JEM, Etc. 0 Process Engineering 0 R & D Management 0 Other
O Publications Catalog
0 TMS Mailed Brochure OTHER SOCIETY AFFILIATIONS:

O Non-TMS Advertisement

- Continuing Education e Dates Attended Major Subject/ Degree Received or Expected
O TMS OnLine/Web Name of School Month/Year-Month/Year Engineering Field Graduation Date: Month/Year
O Colleague
O Other BS. O
MS. O
BIRTHDATE:
/ / Ph.D. O
REGISTERED PROFESSIONAL ENGINEER? [0 Yes [ No STATE: YEAR OF REGISTRATION:

Members automatically receive
a monthly print subscription RECORD OF EXPERIENCE:

10 JOM. (List most recent record of employment. If you do not possess a qualifying degree, please include your last seven years of experience.)
If you prefer to receive your
copy only electronically, From: Title:
please check here. O
) Company:
If you prefer to receive your
subscription in both print and To: Nature of Company's Business:
electronic formats,
please check here. [ Total Time with Company:

(You must include $8 extra charge.) o o
Engineering Responsibilities:

If you would like additional
information about member TO APPLICANT

subscriptions and discounts to + thi inati o i
JOM, Journal of Electronic If you have been encouraged to submit this application by a current member of TMS, please complete the following information:
Materials, or Metallurgical and
Materials Transactions A and B,
please check here. [

FOR OFFICE USE ONLY

Member’'s Name Member #

| agree, if elected, to accept election, and to abide by the TMS bylaws.

Signature Date
ID
PREPAYMENT IS REQUIRED (checks should be made payable to TMS in U.S. dollars drawn on a U.S. bank)
BIRTH 00 Check enclosed
0 Bill my credit card: (check one)
ELECTED O American Express 0 VISA 0 MasterCard O Diners Club
TYPE Credit Card # Expiration Date
Cardholders Name
CATEGORY
Signature
SECTION
APPROVED COMPLETE APPLICATION AND MAIL WITH PAYMENT TO: 184 Thorn Hill Road, Warrendale, PA 15086-7514
Phone: 800-966-4867 or 724-776-9000 ¢ Fax: 724-776-3770




(1] Take advantage of the convenience of
on-line pre-registration via the TMS website:
http://www.tms.org
=1 Web registration requires credit card payment.

Fax this form to TMS Meeting Services
USA 724-776-3770

Fax registration requires credit card payment.

Return this form Meeting Services
with paymentto TMS
184 Thorn Hill Road
Warrendale, PA 15086

TIMIS 2002

131st Annual Meeting & Exhibition

Member of: OTMS OISS OSME OSPE  Member Number:

Advance Registration Deadline: January 28, 2002
Payment must accompany form.

Forms received past this date will be processed at the on-site fee.
INSTRUCTIONS: Check your selections and fill in the necessary information. Please print or type.

AMO2-PDF

This address is: [ Business [DJHome  Employer/Affiliation:

ODr. OProf. OMr. OMrs. OMs.  Title:

LAST NAME

FIRST NAME MIDDLE INITIAL

Address:
City: State/Province: Zip/Postal Code: Country
Telephone: Fax:
COUNTRY AREACITY LOCAL NUMBER COUNTRY AREA/CITY LOCAL NUMBER
E-Mail Address: Guest/Spouse Name:
GUESTS DO NOT RECEIVE ADMISSION TO TECHNICAL SESSIONS.

Registration Fees: Continuing Education Short Courses:

Advance Fees On-Site Fees Advance Fees On-Site Fees

(until 1/28/02) (after 1/28/02) (until 1/28/02) (after 1/28/02)

0 Member ... $395 M
[ Non-Member Author . $395 NMA .
[ Non-Member * . $520NM .
O Student Member ## ..........cccccoeneenenne. $0STU.
3 Student Non-Member ## * ............ $25 STUN .

[ TMS Retired Member ...... ... $220 RM .
[ Exhibit Booth Personnel ..........ccccoeeveec. $0E.
3 Exhibit Only vvcovverveereereersseeereriennnees $35 EO

* Includes TMS membership for 2002
## Students must attach a copy of their school’s student identification card.

Publication Orders:
ALL pre-ordered books not indicated for shipment MUST be picked up at the
Publications Sales area in the convention center.

Qty. Order Number and Title Book Price Shipping* Total
__ #514X CALPHAD and Alloy

Thermodynamics $72 + =
___ #5158 Creep Deformation:

Fundamentals and Applications $105 + I
___ #5166 EPD Congress 2002 $96 + SH
___ #5182 High-Cycle Fatigue, the

David L. Davidson symposium $110 + -
___ #5190 Light Metals 2002

(Book and CD-ROM set) $158 + SH
___ #5247 Magnesium Technology

2002 (Book and CD-ROM set) $111 o=
___ #5204 Science and Technology of

Interfaces, International Symposium

in Honor of Dr. Bhakta Rath (PDF) $122 + =
___ #5255 Sulfide Smelting 2002 $70 + =
___ #5212 Surface Engineering: Science

and Technology Il (PDF) $111 + =
___ #5220 High-Performance Metallic Mat'ls

for Cost-Sensitive Applications (PDF) ~ $117 o=

#5239 Ultrafine Grained Materials |1 $125 + 5

#5131 Computational Modeling of Materials
Minerals, and Metals Processing $129 S
* Shipping: in the United States-$10 per item ¢ all other countr|es—$20 per item

Tutorial Luncheon Lecture Tickets

Optional Box Lunches Fee No. Total
Monday 2/18/02 (sponsored by Young Leaders)
Young Leaders Tutorial Box Lunch ..........c..ccc.ceunnn. $25 $

Refund policy: Written requests must be mailed to TMS, post-marked no
later than January 28, 2002. A $50 processing fee will be charged for all meeting
registration cancellations in addition to all short course registrations cancellations.

Aluminum Smelter Cell Dynamics
O Member

[0 Non-Member
Computational Modeling Techniques and Applications for Materials Processing
0 Member $475
[ Non-Member

Social Function Tickets:

Fee No Total
Monday 2/18/02
Bhakta Rath Honorary Dinner ...........ccc...... $ RD
Charles McMahon Honorary Dinner .......... $ MD
David L. Davidson Honorary Dinner ........ $35* $ DD

* A portion of each ticket is being subsidized by the organizing committee
Tuesday 2/19/02

TMS Banquet % AD
Tables of 8 ' AD8
Table Sign to Read
Extraction & Processing Division Luncheon $30 S EP
Tables Of 8.......cvvevveermneeerreississseessnenens $240 S EP8
Table Sign to Read

Wednesday 2/20/02
Light Metals Division Luncheon S LM
Tables of 8 5 LM8
Table Sign to Read

Plant Tour:

Thursday 2/21/02 Fee No. Total

BOBING TATITOTITTT c.oovvrvoseeereoisenesiisssesssisssssssons $39 BT

2002 Membership Dues—for current TMS members onlyz
LT FUllMEMDET ..ot sssssnees
[ Junior Member
O ASM/TMS Joint Student Member
TOTAL FEES PAID $
Payment enclosed:
O Check, Bank Draft, Money Order
Make checks payable to TMS. Payment shall be made in US dollars drawn on a US bank.
[ Credit Card  Expiration Date:
Card No.:
[ Visa O MasterCard [ Diners Club [ American Express
Cardholder Name:
Signature:




HOUSING RESERVATION FORM

131st Annual Meeting & Exhibition

Making your reservation is easier than ever through Travel Planners’ real-time Or, mail or fax this housing form to:

Internet reservation system! Just log on to www.tms.org, and follow the link to Travel Planners, Inc., 381 Park Ave. South,New York, NY 10016

Travel Planners. You will be able to view actual availability, learn about your FAX: 212-779-6128 » PHONE: 800-221-3531, ext. 1 (in 212, 718, 516, 914, 631
hotel's features and services, and obtain local city and sightseeing information. or international call 212-532-1660, ext. 1)

Most importantly, you will receive instant confirmation of your reservation! (CHOOSE ONLY ONE OPTION)

Reservations must be received at Travel Planners by: January 18, 2002

Arrival Date Departure Date

Last Name First Name MI
Company

Street Address

City State/Country Zip/Postal Code
Daytime Phone Fax

Additional Room Occupants

E-mail (confirmation will be sent via e-mail if address is provided)
Non-Smoking Room Requested Special Needs
# after hotel correspondes with map below.
W Hotel Seattle * 7 Renaissance Madison ¢ 5 West Coast/Grand * 8
HEADQUARTERS $179/single ¢ $199/double $149/single * $149/double $135/single » $135/double
Sheraton Hotel ¢ 1
$175/single » $175/double Hilton Seattle * 3 Mayflower Park Hotel * 4 West Coast/Roosevelt * 9
$140/single * $140/double $140/single ¢ $140/double $132/single * $132/double
Westin Seattle « 11 Crowne Plaza Seattle * 2 Summerfield Suites Wyndham ¢ 6 West Coast/Vance * 10
$165/single * $165/double $134/single * $134/double $119/single * $129/double $125/single » $125/double
Indicate 1st, 2nd, & 3rd hotel choice: Type of Accomodations: (check one)

O Single 1 person/1bed [ Double 2 people/1bed [ Twin 2 people/2 beds

1. [ Triple 3 people/2 beds [ Quad 4 people/2 beds

2.

If all three (3) requested hotels are unavailable, please process this

3. reservation according to: (check one) 0 ROOM RATE [ LOCATION

TMS has contracted a block of rooms at the headquarters hotel, Sheraton Seattle Hotel & Towers, along with each of the hotels, and
therefore has assumed a financial liability for any and all rooms in that block that are not reserved. You are strongly encouraged to reserve
your room(s) at the hotels listed to limit our financial liability. Please help TMS achieve overall success with the 131st TMS Annual Meeting
& Exhibition by making your reservation at one of the listed hotels prior to the advance housing deadline. Thank you.

Confirmations: Confirmation will be e-mailed, faxed or mailed to you from Travel Plan- z

| Terry Ave
ners, Inc. once your reservation has been secured with a deposit. You will not receive a 5 \ l
confirmation from your hotel. If you do not receive a confirmation within 7 days, please call <o\ 2 \ Y
Travel Planners, Inc. 2
NE
Changes/Cancellations: All changes and cancellations in hotel reservations must e ¢ | Convention Bihiive
be made with Travel Planners, Inc. up until 3 business days prior to arrival and are subject to ?i;, | centy
the individual hotel's cancellation policies. Cancellations and changes within 3 days of %;p [I— P Il
arrival MUST be made with your hotel directly. Many hotels are now imposing fees for early - <] 1
departure. This rate is set by each hotel and may vary accordingly. Please reconfirmyour A0 3 bt Ave
departure date at the time of check-in. 3 312 SR .
Reservations/Deposits: All reservations are being coordinated by Travel Planners, ne i B> Mestiokd 7
Inc. Arrangements for housing must be made through Travel Planners, Inc. and NOT with o 4 Center| 3 4th Ave
the hotel directly. Reservations via Internet, phone or fax will be accepted with a major i - c ¢ e [ |5
credit card only. Housing forms and written requests will be accepted with a major credit o 5 3 H E g 1&g |13
card or deposit of one night's room and tax payable to Travel Planners, Inc. Check must be L R E] @ [3 & Je” (¢ |2 |2
drawn in US funds on a US bank. No wire transfers will be accepted. Deposit policies are X1 3 @
set by each hotel, and are outlined on your hotel confirmation. ‘% e
@
Please read all hotel information prior to completing and submitting this form to Travel N AT ,:'a";
Planners, Inc. Keep a copy of this form. Use one form per room required. Make addi- = ’ Market B @
tional copies if needed.

Payment enclosed: [0 Check [ American Express [ MasterCard [ VISA [ Discover [ Diners
Account Number Expiration Date

Card Holder Name Authorized Signature




ACCOMPANYING PERSONS TOUR REGISTRATION FORM

I |MV|: ;@@@@ February 17-21, 2002 « Seattle, Washington, USA

131st Annual Meeting & Exhibition

Convention Services Northwest has arranged tours for Registration:

attendees/guests. To register for the tours, please complete and return the registration form
along with full payment to:

Convention Services Northwest, Attn: Becky Haiduck

Tower Building/Suite 1414,1809 Seventh Avenue, Seattle, WA 98101, USA
PHONE: (206) 292-9198 * FAX: (206) 292-0559

“*PLEASE CHOOSE ONLY ONE OPTION FOR SENDING FORM **

Please make your reservation by noting choice of tour. Pre-sold tickets will be
held at the tour desk located in Hall 4C of the Washington State Convention
and Trade Center. Please arrive 15 minutes prior to departure time.

Description Date/Time Price No. Amount

Sample Seattle — A Deluxe City Tour .... Monday, February 18, 2002 — 9:00am-12:30pm ......... $28 ... o ——— $

Historic Port Townsend Day Trip ............ Tuesday, February 19, 2002 — 9:00am-4:30pm .......... $59 v L ———— S

Wine Tasting Tour .........cocvveneererneeniniens Wednesday, February 20, 2002 — 1:00pm-5:00pm ..... $39 ......c.c...... L ———— $
Total$_

Last Name First Name M

Street Address

City State/Country Zip/Postal Code

Daytime Phone Fax

E-mail

1 have special needs, disabilities or dietary concerns. Please have someone from Convention Services Northwest contact me.

Payment options:
[ Check or Money Order Enclosed (remit in US funds)
[ American Express [ MasterCard [ VISA [ Discover [ Diners

Account Number Expiration Date
Card Holder Name Authorized Signature
Reservations:

Reservations must be received by January 16, 2002. Tickets may be purchased on-site on a space-available basis only and tickets will include an additional $2.00
charge. You may pick up your tickets at the Washington State Convention and Trade Center in Hall 4C staring at 11:00am on Sunday, February 17, 2002.

Refunds:

Refunds for cancellations will be made if written request is received at the Convention Services Northwest office by January 16, 2002, less a $5.00 handling fee per
ticket. After January 16, 2002, no refunds or exchanges can be made. If minimum registration on a tour is not met, Convention Services Northwest will refund the
cancelled tour or apply the refund towards another tour.

For Office Use Only:
Deposit No. Amount $

Check No. Inn.




CONFERENCE PROCEEDINGS

THE FOLLOWING TITLES WILL BE AVAILABLE AT THE MEETING. RESERVE YOUR COPY USING THE TMS ANNUAL

MEETING REGISTRATION FORM.

CALPHAD and Alloy Ther modynamics

Patrice E.A. Turchi, Antonios Gonis, and Robert D. Shull, edlitors

These proceedings emphasize all theoretical aspects of computational thermo-
dynamics and kinetics and their impact on the science of alloys and materials
design. The book will provide an assessment of the CALPHAD (Calculation of
Phase Diagrams) approach pioneered by 2002 Hume-Rothery Award recipient
Larry Kaufman, a review of the current status of the software applications based
on the CALPHAD approach, the impact of CALPHAD on alloy thermodynamics
and design, and future prospects. The book will provide a detailed picture of the
development of CALPHAD and point to further research.

ISBN 0-87339-514-X

Approx. 390 pp., illus., index, hardcover

Order No. 514X

Member price: $72

Computational Modeling of Materials, Minerals, and
Metals Processing

M. Cross, J.W. Evans, and C. Bailey, editors

This set contains the proceedings, in both print and CD-ROM formats, of the
Computational Modeling of Materials, Minerals, and Metals Processing Sympo-
sium to be held at the 2002 TMS Annual Meeting in Seattle, Washington.
Computational models offer an effective way to design, analyze, and optimize
materials, metals, and minerals processing. Computational modeling is increas-
ingly becoming the means by which every factor in the operation of a process can
be analyzed in a rational manner. Such models also represent a framework for
much of our understanding of process operations.

This international symposium brings together participants from all aspects of com-
putational modeling of materials, minerals, and metals processing, including the
engineers involved primarily in specific applications, developers of computational
modeling tools, and the developers of models. This allows all involved to under-
stand the most recent advances in this rapidly developing enabling technology.
ISBN 0-87339-513-1

Approx. 700 pp., illus., index, hardcover & CD-ROM

Order No. 5131

Price: $129

Creep Defor mation: Fundamentals and Applications
Rajiv S. Mishra, James C. Earthman, and Sai V. Raj, editors

These proceedings focus on the application of fundamental creep research to
the design and development of high temperature materials for engineering ap-
plications. The book deals with all aspects of creep deformation and high tem-
perature materials development, specifically the influence of microstructures
on various aspects of creep and the application of this information in the design
of highly creep resistant materials. Emphasis will be placed on advanced ce-
ramic and metal matrix composites and advanced intermetallics.

This volume brings together researchers working on fundamental issues relat-
ing to the development and characterization of high temperature materials and
design engineers involved in high temperature applications.

ISBN 0-87339-515-8

Approx. 415 pp., illus., index, hardcover

Order No. 5158

Member price: $105

Light Metals 2002

Wolfgang Schneider, editor

Held at the TMS Annual Meeting & Exhibition each year, the Light Metals series
has become the definitive annual reference source in the field of aluminum
production and related light metals technologies. Each volume contains com-
plete coverage of advancements and current work in cast shop technology,
alumina and bauxite, carbon technology, aluminum reduction technology, and
recycling. In addition, Light Metals 2002 includes coverage of reactive metals
and advances in molten salt processing technology. Light Metals 2002 is sold
as a package that includes the proceedings in both hardcover and text-search-
able CD-ROM formats.

ISBN 0-87339-519-0

Approx. 1200 pp., illus., index, hardcover & CD-ROM

Order No. 5190

Member price: $158

EPD Congr ess 2002
Patrick R. Taylor, editor
The Extraction & Processing Division Congress, held at the TMS Annual Meet-
ing & Exhibition each year, has become the definitive annual forum for new
technological developments in the process metallurgy community. This volume
will also include the proceedings of the Fundamentals of Advanced Materials
for Energy Conversion symposium.
In addition to general abstracts, this year’s edition will include papers on:

*» Modeling of high temperature alloy processing

* General pyrometallurgy

* Generation, treatment, metal recovery, and disposal of flyash

* Imaging of dynamic processes

* Materials processing fundamentals

* General recycling of materials
ISBN 0-87339-516-6
Approx. 812 pp., index, hardcover
Order No. 5166
Member price: $96

High-Cycle Fatigue, the David L. Davidson Symposium
Kwai S. Chan and Peter K. Liaw, editors

These proceedings from the David L. Davidson Symposium on High-Cycle Fa-
tigue review the current research activities and assess the state-of-the-art in
high-cycle fatigue, which has become a major concern in the design of engi-
neering components and structures. This volume will include papers on a basic
understanding of failure mechanisms, experimental methods and studies, mod-
eling and simulation, and life-prediction methodology. This volume will also con-
tain papers from the Fatigue of High Temperature Alloys Symposium, which
deals with fatigue behavior of high temperature alloys, including crack initiation
and propagation modes.

ISBN 0-87339-518-2

Approx. 350 pp., index, hardcover

Order No. 5182

Member price: $110

High Per formance Metallic Materials for
Cost-Sensitive Applications

F.H. (Sam) Froes and Lu Li, editors

These proceedings will examine the most recent advances and best practices in
structural materials selection, design, and manufacturing for producing affordable
components, with a focus on titanium, aluminum, and other advanced metallic
materials. This volume will discuss melting, casting, powder metallurgy, forging,
forming, extrusion, and machining, as well as processing advances, innovative
processing techniques, process modeling and materials by design, new alloys,
and related processing-microstructure-properties-performance-cost studies.
ISBN 0-87339-522-0

Approx. 295 pp., index, PDF publication

Order No. 5220

Member price: $117

Sulfide Smelting 2002

Robert L. Stephens, and H.Y. Sohn, editors

These proceedings focus on all aspects of the pyrometallurgical production of
primary metals from sulfide concentrates. Papers discuss industrial operations
producing copper and nickel and the direct production of lead and zinc. Key
topic areas include smelting and converting processes, recently completed capi-
tal projects, current operating practices, the predicted future of sulfide smelting
operations, furnace integrity and refractory design, gas handling processes and
equipment, issues related to the treatment of high-strength sulfur dioxide-con-
taining off-gases, the production of alternative sulfur products, the treatment of
acid plant blowdown streams and sulfated smelter dusts, and the capture and
treatment of fugitive emissions.

ISBN 0-87339-525-5

Approx. 600 pp., illus., index, hardcover

Order No. 5255

Member price: $70



TECHNICAL PROGRAM

Washington State Convention & Trade Center @ Seattle, Washington USA @ February 18-21, 2002

Advances in Metallic Glasses: Glass Formation
Sponsored by: Electronic, Magnetic & Photonic Materials Division,
Program Organizers: K. F. Kelton, Washington University,
Department of Physics, St. Louis, MO 63130 USA; A. L. Greer,
University of Cambridge, Department of Materials Science &
Metallurgy, Cambridge CB2 3QZ UK; Krishna Rajan, Rensselaer
Polytechnic Institute, Department of Materials Science and
Engineering, Troy, NY 12180-3590 USA

Monday AM
February 18, 2002

Room: 212
Location: Washington State Conv. & Trade Center

Session Chairs: A. L. Greer, Cambridge University, Dept. of Matls.
Sci. & Metall., Pembroke St., Cambridge CB2 3QZ UK; Matthew J.
Kramer, lowa State University, 37 Wilhelm Hall, Ames, IA 50011-
3020 USA

8:30 AM Invited
Formation of (Fe,Ni)-Based and Al-Based Structural Amorphous
Metals: S. Joseph Poon'; Gary J. Shiflet?; Faqiang Guo!; V.
Ponnambalam'; 'University of Virginia, Phys., Charlottesville, VA
22904 USA; 2University of Virginia, Matls. Sci. & Eng., Charlottesville,
VA 22903 USA

This talk will focus on the formability, stability, and some of the
physical properties of metallic glasses in several ferrous-based and
light-metal-based multinary alloy systems. Ferrous-based alloys will
include those that contain Fe, Ni, Mo, and Cr; light-metal alloys will
contain Al and Mg as the major components. The ferrous-based metal-
lic glasses, which are non-ferromagnetic at ambient temperatures, can
be compared with several types of austenitic steels. Magnetization and
susceptibility results will be presented. The formability factors for
forming bulk metallic glasses will be discussed in light of experiment
and atomistic model.

9:00 AM
Multicomponent (Ti Zr Hf Nb)-(Ni Cu Ag)-Al Glasses: Ki-Buem
Kim!; Paul Warren!; Brian Cantor'; 'University of Oxford, Dept. of
Matls., Parks Rd., Oxford OX1 3PH UK

A wide range of new metallic glasses has been developed in the (Ti Zr
Hf Nb)-(Ni Cu Ag)-Al system by a novel equiatomic substitution tech-
nique for the early and late transition metal components, starting
from the well known Zr-Cu-Al system. The thermal stability and
crystallisation of these glasses has been studied by x-ray diffractometry,
differential scanning calorimetry, transmission electron microscopy
and atom probe analysis. This paper describes the resulting insight into
the behaviour of these novel multicomponent metallic glasses.

9:20 AM
A Topological Model for Metallic Glass Formation: Oleg N.
Senkov'; Daniel B. Miracle?, 'UES, Inc., 4401 Dayton-Xenia Rd.,
Dayton, OH 45432-1894 USA; 2Air Force Research Laboratory, Matls.
& Mfg. Direct., 2230 Tenth St., Wright-Patterson AFB, OH 45433-
7817 USA

An approach based on analysis of atomic size distributions has been
developed and applied to multicomponent amorphous alloys with dif-
ferent glass forming ability. The atomic size distributions were ob-
tained by plotting atomic concentrations versus atomic radii of con-
stitutive elements. Amorphous alloys with high critical cooling rates
were found to have single-peak distributions with a concave downward
shape. These amorphous systems have at least one alloying element
with a smaller radius and at least one alloying element with a larger
radius relative to the base element. The concentration of an alloying
element decreases rapidly as the difference in the atomic sizes of the
base element and the alloying element increases. Atomic size distribu-
tions of Zr, Pd, or RE -based bulk amorphous alloys, which have low
critical cooling rates, have a completely different, concave upward
shape with a minimum concentration at an intermediate atomic size.
A topological model that explains the concave upward shape of atomic
size distributions for the bulk amorphous alloys has been suggested.

9:40 AM
Atomistic Simulations of the Phase Stability and Elastic Prop-
erties of the Nickel-Zirconium Alloy System: Frank J. Cherne';
Michael 1. Baskes!; Ricardo B. Schwarz!; 'Los Alamos National Labo-
ratory, MST-8, PO Box 1663, MS G755, Los Alamos, NM 87545 USA
Numerous simulations of binary amorphous Zr-Ni alloys have been
performed utilizing the potential formalism of Massobrio, Pontikis,
and Martin (MPM). Here we present a thorough study of the phase
stability and the elastic properties of both the amorphous and the
crystalline nickel-zirconium alloys utilizing the modified embedded-
atom method (MEAM) approach. We will compare and contrast MEAM
with MPM. The MEAM potentials developed predict the correct crys-
tal structures for NiZr and NiZr,. The nickel-zirconium system was
chosen primarily due to the complexity of the phase diagram and its
glass forming ability. Furthermore, we are interested in examining the
compositional dependence of the shear modulus. We will also present
the free energies as a function of composition and temperature for
both amorphous and crystalline phases.

10:00 AM
Stability of Undercooled Pd,Ni,, Cu P,  Liquids: 7. D. Shen';
Ulrich Harms!; Ricardo B. Schwarz!'; 'Los Alamos National Labora-
tory, Struct./Prop. Relations Grp., MS G755, Los Alamos, NM 87545
USA

The question of what determines the stability of undercooled liquids
remains unanswered. In the Pd,,Ni,, Cu,P,, system, the best bulk glasses
are found for x=0 and x=30. Properties of the glass, such as shear
modulus, hardness, and width of the first maximum in the X-ray dif-
fraction pattern, show extreme values at approximately x=10, which
we attribute to strong short-range ordering at that composition. We
have found that the stability of the undercooled liquids correlates best
with the difference AV=Vg-Vc between the molar volumes of the glassy
and crystalline states. For 0<x<30, AV is positive, whereas for 30<x<40,
AV is negative. Both positive and negative values of AV decrease Tx-
Tg. The minimal in |[AV]| at x=0 and x=30 correspond to the largest
values of Tx-Tg. A positive AV implies a negative pressure around
growing crystalline embryos and this could explain the observed de-
crease in Tx-Tg for x<30.

10:20 AM Break

10:40 AM Invited
Atom Probe Studies of Metallic Glasses: Michael K. Miller'; 'Oak
Ridge National Laboratory, Metals & Cer. Div., PO Box 2008, Bldg.
45008, MS 6136, Oak Ridge, TN 37831-6136 USA

The distribution of the atoms in bulk metallic glasses in both the as-
prepared condition and after heat treatments in the region of the glass
transition temperature provides important information on the stabil-
ity of the alloy. The spatial coordinates and the elemental identities of
the atoms in the amorphous alloy may be determined with near atomic
resolution by atom probe tomography. The three-dimensional data
collected by this technique can be analyzed to determine the local
atomic configuration of each atom type and thereby estimate the
tendency for solute clustering and chemical short range order. These
data can be also divided into small volume elements that may be
statistically analyzed to detect and quantify concentration fluctua-
tions due to phase separation, precipitation and crystallization. A
review of the decomposition of a number of different types of bulk
metallic glasses will be presented. Research at the Oak Ridge National
Laboratory SHaRE Collaborative Research Center was sponsored by
the Division of Materials Sciences and Engineering, US Department of
Energy, under contract DE-AC05-000R22725 with UT-Battelle, LLC.

11:10 AM
EFTEM Study of Compositional Variations in Mg-Ni-Nd Bulk
Metallic Glasses: S. V. Madge'; D. T.L. Alexander!; A. L. Greer!;
"University of Cambridge, Dept. of Matls. Sci. & Metall., Pembroke
St., Cambridge CB2 3QZ UK

A range of Mg-Ni-Nd bulk metallic glasses has been cast. Around the
composition Mg, ;Ni,Nd,s s (at.%), but not at neighbouring composi-
tions, energy-filtered TEM provides evidence for strong composi-
tional inhomogeneities in the as-cast glass. In this fully glassy mate-
rial, an apparent two-phase cellular microstructure is seen; one phase
is rich in Ni, the other in Mg and Nd. Small-angle X-ray scattering
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offers additional evidence for phase separation in the glassy state.
Annealing can eliminate the inhomogeneities, and possible explana-
tions for the phenomena are considered, including the role of oxygen.

11:30 AM
Nanoscale Phase Separation and Local Icosahedral Order in
Amorphous Alloys of Immiscible Elements: Evan Ma'; 'Johns
Hopkins University, Matls. Sci. & Eng., Baltimore, MD 21218 USA
We explore the nature of amorphous alloys formed by nonequilibrium
processing in immiscible systems, to uncover their differences from
those well-studied metallic glasses in systems with negative heat of
mixing. We demonstrate spinodal compositional modulations with
nanometer wavelengths, along with local icosahedral ordering, in amor-
phous structures formed in the immiscible Ag-Ni system. This unique
atomic-level structure allows the amorphous alloy to lower its en-
thalpy such that the heat of crystallization is of a magnitude compa-
rable to those typically seen for metallic glasses in easy glass forming
systems. The development of local structure has been monitored using
EXAFS!, TEM, XRD, and magnetic measurements, as well as MD
simulations?3, and correlated with the enthalpy states measured using
DSC. 'Phys. Rev. Lett. 83, 2826 (2001). 2Appl. Phys. Lett. 78, 1343
(2001). *Phys. Rev. B Oct. 1 issue (2001).

Advances in Molten Salt Processing Technology:
New Electrochemical Methods

Sponsored by: Light Metals Division, Reactive Metals Committee
Program Organizer: Sean M. McDeavitt, Argonne National

Laboratory, Chemical Technology Division, Argonne, IL 60439-
4837 USA

Room: 614
Location: Washington State Conv. & Trade Center

Monday AM
February 18, 2002

Session Chair: Sean M. McDeavitt, Argonne National Laboratory,
Cheml. Tech. Div., Argonne, IL 60439 USA

8:30 AM Opening Remarks

8:35 AM
New Advances in Molten Salt Research: Data for Pyrochemical
Reprocessing of Nuclear Fuels: Marcelle Gaune-Escard';
"Universite de Provence, CNRS UMR 6595, IUSTI, Technopole Cha-
teau-Gombert, 5 rue Enrico Fermi, Marseille 13453 France
Lanthanide and actinides halides and their mixtures with alkali ha-
lides play a major role in the processing of nuclear waste and recycling
of spent nuclear fuel. However, reference data are missing both for the
pure salts and the mixtures, whatever the halides (chlorides or fluo-
rides) under consideration. However the related data on molten lan-
thanide and actinide salts (and compounds), are not easily available.
Because of characteristic physicochemical properties, which do not
promote experimental investigations, data are scarce. When they ex-
ist, most of the data is generally buried in grey literature. Also, when
available, they reveal to arise from estimations. Coordination and
standardization of existing data is therefore essential, as research ef-
forts should be intensified together with the development of numerical
prediction tools. This paper will, firstly, discuss new experimental data
on lanthanide- and actinide-based halide systems. These are obtained
through an intensive international research cooperation and
multiinstrumental methods. It will be shown that data can be obtained
not only from these physicochemical measurements (thermodynamic,
electrical, electrochemical, structural), but also from numerical simu-
lations based on structural features and proper modeling. Secondly,
ongoing efforts for the development of a molten salt database will be
presented.

9:05 AM
Direct Electrochemical Reduction of Niobium Pentoxide to Nio-
bium Metal in a Eutectic of CaCl,-NaCl Melt: Xiao Yong Yan!;
Derek J. Fray'; 'University of Cambridge, Dept. of Matls. Sci. &
Metall., Pembroke St., Cambridge CB2 3QZ UK

A novel electrochemical approach is being developed using the method
of the electrodeoxidation to reduce solid Nb,O; directly to niobium
metal in a eutectic melt of CaCl,-NaCl at temperatures around 900°C.
Electrolysis was carried out at the applied constant voltage of 3.1 V,
below the decomposition potentials of the chloride melt. After elec-
trolysis, the oxide cathode, pellets of Nb,O,, transformed into porous
pellets of metallic niobium that could be ground manually into niobium
powders with a wide range of niobium particle sizes. In addition to the

niobium powders, the niobium sponge has a similar structure to that of
Kroll titanium sponge and was readily prepared by controlling the
conditions for pellet-making and electrolysis. The niobium metal pre-
pared under the present experimental conditions contained as low as
3000 mass ppm oxygen. The results obtained clearly demonstrated
that this direct solid-state electrochemical reduction of Nb,O; is an
efficient, low cost, and environmentally friendly process compared
with the existing conventional reduction processes, and it can be po-
tentially an electrolytic reduction process for the production of nio-
bium metal.

9:35 AM
Electrochemical Reduction of Metal Oxides in Molten Salts:
Karthick V. Gourishankar'; Laszlo Redey'; Mark A. Williamson!;
'Argonne National Laboratory, Cheml. Tech. Div., 9700 S. Cass Ave.,
Argonne, IL 60439 USA

Argonne National Laboratory (ANL) has demonstrated a direct elec-
trochemical reduction process for converting uranium oxide to ura-
nium metal. The reduction process is versatile and can be extended to
the extraction of other actinide and rare-earth metals from their ox-
ides. Although UO2 reduction has been demonstrated in molten LiCl-
Li20 electrolyte at 650°C, the choice of electrolyte and process tem-
perature depends on the oxide charge. For example, the reduction of
rare-earth oxides requires CaCl2-CaO melts at 800-900°C. However,
the fundamental mechanism underlying the technology is the same.
The oxygen in the oxide charge is ionized into a soluble species at the
cathode, leaving behind the reduced metal, and the oxide ion is trans-
ported to the anode, where it is converted to oxygen gas. The electro-
chemical cell consists of a non-consumable anode and a cathode that is
configured to contain the oxide charge. Independent reference elec-
trodes are used to monitor the anode and cathode potentials. The cell
is operated under constant current or constant potential conditions.
This paper will discuss the cell design and operation, and will present
results from the UO2 reduction experiments.

10:05 AM Break

10:20 AM
Synthesis of Pb-Ca Alloys by Electrolysis of CaO Solution in
Molten Salt: Derek J. Fray'; Jane Freidina'; !'University of Cam-
bridge, Dept. of Matls. Sci. & Metall., Pembroke St., Cambridge CB2
3QZ UK

In the search for an environmentally friendly, efficient technology
for calcium addition to lead alloys a study of calcium electrolysis from
molten salts was performed. The research showed that calcium can be
electrowon to a liquid lead cathode at temperatures below 923 K.
Alloys containing up to 2 wt.% Ca were synthesised from CaCl2-NaCl-
CaO mixtures with a current efficiency of 40-60%. Sodium impurity
content was as low as one tenth of the calcium content. The effects if
factors, such as temperature, current density, time of electrolysis on
the performance of the cell and the quality of the alloys were investi-
gated.

10:50 AM
Development of High Throughput Uranium Electrorefining:
James L. Willit'; Eddie C. Gay'; 'Argonne National Laboratory, Cheml.
Tech., 9700 S. Cass Ave., Argonne, IL 60439-4837 USA

At the heart of Argonne’s electrometallurgical treatment technol-
ogy for spent metallic reactor fuel is an electrorefining step in which
chopped spent fuel is loaded into a basket, and submerged in a pool of
molten salt. A current passed between the basket (anode) and a cath-
ode oxidizes the uranium and all active metal fission products forming
soluble metal chlorides. At the cathode, uranium, the most noble of
the dissolved metal chlorides, is electrodeposited. This basic concept
has been scaled up from the laboratory scale to a device that holds
~100 kg of chopped fuel. The presentation will consist of a brief
review of the basic electrochemistry of uranium electrorefining as well
as the engineering challenges encountered during the scale-up of the
technology.

11:20 AM
High-Temperature Electroforming in Molten Salts: Joseph
Biondo!; Anatoliy Shchetkovskiy'; Alexander Smirnov!; Vitaly Sikin!;
'Engelhard-CLAL, 700 Blair Rd., Carteret, NJ 07008 USA
Electroforming is a viable process for manufacturing near-net shapes
of product. A number of metals can not be electrodeposited from water
solution, but can successfully be obtained with electrolysis of the mol-
ten salts. Electroforming such metals as iridium, rhenium, niobium and
platinum-iridium alloy is used by Engelhard-CLAL for commercial
application under the name EL-Form™ process. High-temperature
electroforming is based on electrodeposition of metals onto mandrel
of required shape. After electrodeposition, the mandrel is removed.
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The electroforming in molten salts provides seamless design of items,
efficient metal use and metal purification during electrolysis. High
uniformity and tight tolerances can be achieved especially for
axisymmetrycal items such as tubes, crucibles and nozzles. Advanced
production equipment allows the electroforming of items with a maxi-
mum diameter of 8.5" and maximum length of 15". The necessary
process control provides stable and reproducible properties of the
electroformed metals. Various examples of electroformed product will
be discussed.

Alumina and Bauxite: Bauxite Digestion

Sponsored by: Light Metals Division, Aluminum Committee
Program Organizers: Jacques M. Mordini, Aluminium Pechiney,
Gardanne, Cedex 13541 France; Steve Rosenberg, Worsley Alumina
Pty, Ltd., Process Chemistry Group, Collie, West Australia 6225
Australia; Wolfgang Schneider, VAW Aluminium AG, Research &
Development Manager Cast Technology, Bonn 53177 Germany

Monday AM
February 18, 2002

Room: 609
Location: Washington State Conv. & Trade Center

Session Chairs: Jacques Mordini, Aluminium Pechiney, Direction
Industrielle, Boite Postale 54, Gardanne Cedex 13541 France;
Steven P. Rosenberg, Worsley Alumina Pty Ltd., Proc. Chem. Grp.,
PO Box 344, Collie, WA 6225 Australia

8:30 AM Introductory Remarks

8:40 AM
Improved Preparation of the Greek Diasporic Bauxite for
Bayer-Process: Dimitris Papanastassiou'; Barnabas Csdke?; Karoly
Solymar3; !Silver&Baryte Ores Mining Co. S.A., Bauxite Div., 21
Amerikis str., Athens GR-10 672 Greece; 2University of Miskolc, Dept.
of Proc. Eng., Miskolc-Egyetemvaros, Miskolc H-3515 Hungary;
SALUTERY, Ltd., Chief Techl. Adviser, Fehérvari ut 144., Budapest
H-1116 Hungary

The Greek diasporic bauxite plays an important role in the medium-
and long-term bauxite supply of Europe. The chemical and mineral-
ogical composition and the textural and physical properties of the
high-grade, but hard and by calcite contaminated bauxite of S&B will
be presented. The grindability lab tests and the industrial operation of
AdG confirmed the important role of the lime dose as a grinding aid in
hot caustic liquor, which can reduce the energy requirement of the mill
by about 50% in comparison with the dry grinding. The calcite re-
moval has been solved at S&B by “Dynamic Heavy-Media Separa-
tion”. Plant-scale abrasion tests carried out in tube-in-shell preheaters
of the tube digester at MOTIM Works Hungary did not indicate any
measurable abrasion. So, the hard Greek diasporic bauxite can effec-
tively and economically be prepared.

9:05 AM
Digestion Alternatives of the Greek Diasporic Bauxite: Kadroly
Solymar'; Tibor Ferenczi?; Dimitris Papanastassiou’; 'ALUTERYV, Ltd.,
Chief Techl. Adviser, Fehérvari ut 144., Budapest H-1116 Hungary;
2ALU-LAB, Ltd., Managing Dir., Fehérvari Gt 144., Budapest H-1116
Hungary; 3Silver&Baryte Ores Mining Co. S.A., Bauxite Div., 21 A,
Amerikis str., Athens GR-10 672 Greece

Optimum digestion parameters (lime dosage, retention time and
final A/C) of the S&B diasporic bauxite have been determined by lab
simulation tests between 240 and 260°C. Co-grinding of bauxite and
lime and lime addition to the slurry during predesilication resulted in
similar advantageous effect on alumina yield and kinetics. Lime feed-
ing at the final digestion temperature was found as the most effective.
The required lime dose depends on the quantity and stability of the
diaspore in the process bauxite and the digestion temperature. The
results are in good agreement with the AdG practice and operational
experiences of other European alumina refineries, achieved by pro-
cessing S&B bauxite. The tests confirmed that high alumina yield and
adequate cycle efficiency(high A/C ratio in blow-off liquor) can be
achieved by well selected digestion parameters at 240°C already.

9:30 AM
Intensifying Method of Bayer Digestion Process of Diasporic
Bauxite: Yin Zhonglin'; Gu Songqing!; 'Zhengzhou Light Metal Re-
search Institute, Shangjie, Zhengzhou, Henan 450041 China

The indirect preheating process of bauxite slurry is necessary for
intensifying the Bayer digestion of diasporic bauxite. However, scale
formation on indirect heating surfaces is unavoidable in single-stream
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digestion technology. In this paper a dual-stream and lime Bayer pro-
cess is proposed, that combines the new dual-stream digestion process
with the lime Bayer digestion process. The proposed process solves a
series of key problems associated with indirect preheating technology
and intensifies the digestion of diasporic bauxite. As a result, soda
consumption can be reduced and the digestion process accelerated,
allowing advanced technological and economical indexes to be ob-
tained.

9:55 AM Break

10:15 AM
New Process Technologies of Bauxite Concentrate-Tube Diges-
tion for Alumina Production: Wangxing Li'; Shaolun Wang'; Peikai
Song!; Yongxing Hou!; !China Great Wall Aluminium, Tech. Dept., No
28, Changgian Rd., Shangjie Dist., Zhengzhou, Henan 450041 China
This paper provides a brief description of the bauxite reserves and
status of alumina production in China. It then gives the results of
studies carried out to solve the key technical problems involved in the
processing of diasporic bauxite. A new process of diasporic bauxite
concentrate preparation associated with tube digestion is presented
that strides over the existing technology in terms of better bauxite
usage, and lower energy, raw material and equipment requirements.

10:40 AM
Digestion of Diasporic Bauxite with Mass Ratio of Al,0,/SiO,
No Greater than 7 by Bayer Process with an Excessive Addition
of Lime: Zhao Henggin'; Hu Hongjie'; Jin Mei!'; Li Jie?; Li Qingyu?;
Liu Yexiang?; 'National Engineering Research Center for Multipur-
pose Utilization of Non-Metallic Mineral Resource, Metall. & Cheml.
Eng., No. 328 Longhai W. Rd., Zhengzhou, Henan 450006 China;
2Central South University, Dept. of Metlgcl. Sci. & Eng., Changsha,
Hunan 410083 China

It is usually believed that digestion of the diasporic bauxite with mass
ratio of Al,0,/SiO, no greater than 7, which constitutes over 70 per-
cent of China proved bauxite reserves, by adopting ordinary Bayer
Process, is uneconomically viable because of consumption of higher
caustic soda. At higher digestive temperature simultaneously with a
more addition of inexpensive lime than ordinary Bayer Process, the
bauxite can be economically digested by Bayer Process. Leaching rate
of alumina from the bauxites can reach over 85% after 60 minutes of
digestion at 280°, with Na,O, 220g/l of a sodium aluminate liquor and
with lime addition of over 16%wt. of bauxite. The content of Na,O in
the produced red mud is under 2.5%wt. The XRD analysis results of the
red mud indicate that an excessive addition of lime causes big changes
of constituents of red mud. The improved Bayer Process is of signifi-
cance for exploitation of China bauxite.

11:05 AM
Thermal Behaviors of Kaolinite-Diasporic Bauxite and
Desilication from it by Roasting-Alkali Leaching Processing:
Tao Jiang'; Guanghui Li2; Zhucheng Huang?; Xiaohui Fan?; Guanzhou
Qiu?; 'University of Utah, Dept. of Metlgcl. Eng., Rm. 412, WBB,
135 S. 1460 East, Salt Lake City, UT 84112 USA; 2Central South
University, Dept. of Minl. Eng., Changsha 410083 China

By means of XRD, TG and DTA techniques, the thermal behaviors
of kaolinite-diasporic bauxite are investigated in this paper. Results
show that the kaolinite in the bauxite loses its constitutional water and
turns into meta-kaolinite when temperature is elevated above 450°C.
The meta-kaolinite is decomposed into amorphous silica and non-
crystal alumina in the range of 990-1100°C, but latter two compose
into mullite if the temperature exceeds 1100°C. It is found that di-
aspore is changed into a-alumina with the removal of its constitutional
water at the temperature over 650°C. A desilication process of roast-
ing-alkali leaching for the bauxite is developed on the basis of the
results. The optimum roasting parameters are attained to be a grain
size of 0~20mm, a roasting temperature of 1050~1100°C, and a roast-
ing time of 15~20 minutes. The proper leaching conditions are found
as 100 g/l Na20k and 140°C. By alkali leaching of the roasted bauxite,
a concentrate of 9.92 A/S ratio is achieved for a raw bauxite ore with
a 4.4 A/S ratio. It is found the silica removed by the roasting-alkali
leaching processing is mainly the amorphous silica and the reaction of
mullitization causes reduction in desilication. The a-alumina yielded
by diaspore decomposition during roasting is not dissolved under the
alkali leaching conditions. The Bayer leaching tests of the concen-
trate show that the desilication by roasting-alkali leaching processing
improves the digestion properties of A1203 in the bauxite.
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8:30 AM
The Role of Dissolved Metal during Electrodeposition of Alu-
minium from Cryolite-Alumina Melts: Geir Martin Haarberg';
Jomar Thonstad'; Stanislaw Pietrzyk?; James J. Egan3; 'Norwegian
University of Science and Technology, Dept. of Matls. Tech. &
Electrochem., Sem Saelands vei 6, Trondheim NO-7491 Norway; 2Uni-
versity of Mining and Metallurgy, Dept. of Metall. of Non-Ferrous
Metals, Krakow 30-059 Poland; 3Brookhaven National Laboratory,
Upton, NY 11973 USA

In molten cryolite in contact with aluminium dissolved aluminium as
well as dissolved sodium are formed. Dissolution of sodium gives rise to
the formation of mobile electrons. Ac resistance measurements were
performed to determine the electronic conductivity in cryolite-alu-
mina melts as a function of temperature, electrolyte composition
(AIF,) and additives (CaF,, LiF, MgF,). Model calculations were per-
formed to estimate the effect of electronic conductivity on the cur-
rent efficiency for aluminium deposition. The behaviour of so-called
metal fog generated at the cathode during deposition of aluminium was
also investigated.

8:55 AM
Effect of the Bubble Growth Mechanism on the Spectrum of
Voltage Fluctuations in the Reduction Cell: Laszlo Istvan Kiss';
Sandor Poncsak!; 'UQAC Université du Québec a Chicoutimi, Dépt.
des Sciences Appliquées, 555 Blvd. de I’Université’, Chicoutimi, Que-
bec G7H 2B1 Canada

The spectrum of the voltage oscillations in the aluminum reduction
cell depends on the size of the anode. Small laboratory cells and indus-
trial size cells exhibit different fluctuation patterns. The growth of
bubbles can be divided into two periods controlled by different physical
mechanisms. The detachment frequency of the bubbles from the nucle-
ation sites depends on the current density and detachment size, the
latter being influenced by the material, microstructure and geometry
of the anode. After detachment the main factor causing growth of the
traveling bubbles is coalescence. A mathematical model that keeps
track of each and every individual gas bubbles generated under the
anode was developed and used to analyze the character of the fluctua-
tions of the cell voltage. It is shown that in the case of industrial size
anodes the voltage oscillations are dominated by the dynamics of the
bubble interactions (coalescence) in the two-phase layer, while in small
size laboratory systems the frequency of nucleation of the individual
bubbles can be observed.

9:20 AM
Crystallization of Cryolite and Alumina at the Metal-Bath
Interface in Aluminium Reduction Cells: Asbjorn Solheim';
ISINTEF, Matls. Tech., NO-7465 Trondheim, Norway

It is a well-known fact that the electrolyte (bath) facing the cathode
in aluminium electrolysis cells contains less aluminium fluoride than
the bulk, due to the diffusion processes taking place in the boundary
layer close to the cathode. A lower AIF3 concentration gives a higher
liquidus temperature. Under certain conditions, the local liquidus tem-
perature at the cathode may become equal to the bath temperature,
which provokes crystallization of solid cryolite and/or alumina. The
present paper presents the relevant theory for such crystallization, as
well as some calculations based on a numerical solution of the Stefan-
Maxwell equation. The results show that formation of solid cryolite at
the cathode may take place during normal cell operation. The rate
increases with increasing AIF3 content in the bath, increasing cathodic
current density, decreasing superheat, and decreasing mass transfer
coefficient for AIF3. Some possible consequences of the precipitation
are discussed.

9:45 AM
Electric Conductivity of Cryolite Electrolytes during the Liq-
uid-Solid Phase Transformation: Stanislaw Pietrzyk'; Ryszard
Oblakowski'; !'University of Mining and Metallurgy, Dept. of Metall.
of Non-Ferrous Metals, Fac. of Non-Ferrous Metals, Al. Mickiewicza
30, 30-059 Krakow, Poland

Is generally accepted that flow of current during aluminium elec-
trolysis may take place through the layer of side ledge (frozen electro-
lyte) to the carbon side lining of cathode. It may lead to current losses
and this way contribute to decrease of current efficiency. Interesting
from this of point of view is recognition of changes of electrical
conductivity of the sodium cryolite melts during the liquid-solid phase
transition and in solid state. In this work electrical conductivity mea-
surements were performed on natural cryolite and its binary solutions
with AIF3, CaF2, MgF2, LiF and also on industrial electrolytes. In
solidified mixtures of cryolite with additions of AIF3, CaF2, MgF2, the
conductivity is higher than in pure cryolite in the same temperature
range. This observation suggests that in solid state additives of AIF3,
CaF2, MgF2 cause changes in structure of solid cryolite by introduces
cation vacancies which facilitate the ion transport.

10:10 AM Break

10:20 AM
Electrochemical Studies of Aluminum Deposition in Ionic Liq-
uids at Ambient Temperatures: Venkat Kamavaram'; Ramana G.
Reddy'; !'The University of Alabama, Dept. of Metlgcl. & Matls. Eng.
& Ctr. for Green Mfg., Tuscaloosa, AL 35487 USA

Tonic liquids are low melting salts used as potential non-aqueous
electrolytes for the electrodeposition of aluminum. In the present
study, an ionic liquid based on AICI13-1-methyl-3-butylimidazolium
chloride was used as an electrolyte for the electrodeposition of alumi-
num at ambient temperatures. Electrochemical studies were carried out
using cyclic voltammetric (CV) and chronoampereometric
(CA)techniques. Electrodeposition of aluminum was carried out in the
above mentioned ionic liquid on copper cathode. The process of elec-
trodeposition was found to be quasi-reversible and the kinetic mecha-
nism was identified as instantaneous nucleation followed by diffusion
controlled three-dimensional growth. Kinetic parameters such as charge
transfer coefficient (o) and diffusion coefficient(D0) of the species
Al2-Cl17- were obtained from the CV and CA data, which compared
well with those available in the literature for aluminum deposition.

10:45 AM
The Anode Effect Revisited: Jim B. Metson'; R. G. Haverkamp?;, M.
M. Hyland?; Jingxi Chen'; !'University of Auckland, Dept. of Chem.,
PB 92019, Auckland, New Zealand; 2Massey University, Inst. of Tech.
& Eng., PB 11 222, Palmerston N., New Zealand; 3University of
Auckland, Dept. of Cheml. & Matls. Eng., New Zealand

Despite an extensive literature and long history of plant experience,
there are still puzzling aspects of the anode effect as observed in
aluminium reduction cells. The nature of the onset of the anode effect
and its variable persistence, are still the subject of debate. In this study,
contact angles at carbon/electrolyte interface have been measured, as
a function of electrolyte composition. In line with previous studies,
CaF2 is observed to effect anode wettability, and contact angle in-
creases with alumina depletion. Voltage/time behaviour of the cell is
thus interpreted in terms of chemical changes affecting the interfacial
surface tension, particularly those arising from the influence of addi-
tives in the bath and anode. Modification of the anode surface, either
by doping or by reaction with the electrolyte, and the non-wettability
of the modified surface by certain bath compositions, explains why
these effects can be difficult to quench, even with elevated alumina
concentrations.

11:10 AM
A Predictive Thermodynamic Model for the Al-NaF-AlF3-CaF2-
Al203 System: Patrice Chartrand'; Arthur D. Pelton'; 'Ecole
Polytechnique, CRCT, CP 6079, Sta. “downtown”, Montreal, Quebec
H3C 3A7 Canada

A large body of experimental thermodynamic and phase-equilibrium
data exists for the Al-Na-Ca-F-O system. All available data are criti-
cally evaluated to obtain optimized parameters of thermodynamic
models of all phases. The bath model is the Quasichemical model in
the quadruplet approximation that evaluates 1st- and 2nd-nearest-
neighbor short-range-order. Other solution models are used for non-
stoichiometric solid cryolite, the gas phase and molten Al. The models
are then used to predict the thermodynamic properties and metal-
bath-gas equilibria in the multicomponent heterogeneous system. All
experimental data were reproduced within experimental error limits,
and in most cases ternary and multicomponent data were predicted by
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the model, not fitted. The model parameters form a database that is
part of the FactSage Thermochemical Software. This software can be
used to predict/simulate metal-bath-gas equilibrium (phase amounts,
compositions, activities/partial pressures, enthalpies, Tliquidus, etc.)
for 25°C < T < 1100°C, for P < 4 atm, and for BR(wt.%) from 3.0 to
AIF3 saturation.

Cast Shop Technology: Modeling |

Sponsored by: Light Metals Division, Aluminum Committee
Program Organizers: David H. DeYoung, Alcoa Technical Center,
Alcoa Center, PA 15069 USA; John F. Grandfield, CSIRO Australia,
Preston, Victoria 3072 Australia; Wolfgang Schneider, VAW
Aluminium AG, Research & Development Manager Cast Technol-
ogy, Bonn 53177 Germany

Monday AM
February 18, 2002

Room: 6A
Location: Washington State Conv. & Trade Center

Session Chairs: Alvaro Giron, Alcoa Inc., Alcoa Techl. Ctr., 100
Technical Dr., Alcoa Center, PA 15069 USA; Asbjorn Mo, SINTEF,
Box 124 Blindern, N-0312 Oslo, Norway

8:30 AM
Applications of Optimization in Metal Casting and Heat Treat-
ment: Ravi Vijayaraghavan'; Mei Li'; Xuming Su'; John E. Allison';
'Ford Motor Company, Ford Rsrch. Labs., MD 3182, Rm. 2122, 2101
Village Rd., Dearborn, MI 48124 USA

A major thrust of cast aluminum research at Ford is the development
of computer-aided engineering methods to reduce cycle time and cost
for producing optimized cast aluminum automotive components. The
goal is to provide tools that simulate casting solidification and predict
microstructure, mechanical properties and durability in a cast compo-
nent. The vision is to create and test virtual aluminum castings, reduc-
ing the need for physical prototypes. Optimization has been identified
as a critical tool to accomplish this. Many major foundries are using
software such as ProCAST and MagmaSOFT, to simulate casting and
heat treatment and to optimize process design based on the simula-
tions. A number of input parameters to these casting simulation pro-
grams (such as material properties and boundary conditions) are not
well known. This has motivated the need for an optimization tool,
which uses an inverse modeling approach to determine these param-
eters given the experiment results. The talk presents applications of
optimization methods in casting process development and heat treat-
ment. Use of efficient and robust optimization based methodologies
can play a major role in reducing costs and improving productivity and
quality of cast products.

8:55 AM
Mathematical Modeling of Melt Flow in Die-Casting Shot
Sleeve: Carroll E. Mobley!; Junmin Park!; Yogeshwar Sahai'; 'The
Ohio State University, MSE Dept., 2041 College Rd., Columbus, OH
43210 USA

In a typical cold chamber die-casting operation, molten aluminum
alloy is poured into a shot sleeve and a plunger rapidly pushes the
metal into the die cavity. During this process, air can be trapped in the
liquid alloy, and some liquid alloy can solidify in the shot sleeve. En-
trapped air and Externally Solidified Product (ESP) degrade the quality
of the die-cast products. To reduce the amount of trapped air and ESP,
metal flow was mathematically simulated using a commercial code,
FLOWS3D. The effects of plunger velocity and acceleration, density,
dynamic viscosity, kinematic viscosity, and surface tension of molten
alloy were studied. The simulated flow patterns were compared with
the experimentally obtained flow patterns in a water model. The plunger
velocity and acceleration were found to have strong influence on the
wave pattern and hence on the amount of trapped air. The effect of
other parameters that are stated above on the wave pattern was rela-
tively small. As plunger velocity increases, the amount of trapped air
first decreases, followed by an increase. Thus, there is an optimum
plunger velocity at which the amount of entrapped air is minimum.
The tendency of rolling-over of wave created by metal flow in shot
sleeve increases as acceleration increases. The simulations in this study
agree well with the available experimental data.

9:20 AM

Determination of Boundary Conditions for Solidification Simu-
lation in an Aluminum Permanent Mold Test Casting: Joy Adair
Hines'; Ravi Vijayaraghavan!; Emmanuel K. Glakpe?;, 'Ford Motor

Company, Ford Rsrch. Lab., MD 3182/ SRL, PO Box 2053, Dearborn,
MI 48121-2053 USA; 2Howard University, Dept. of Mechl. Eng., 2300
Sixth St., N.W., Washington, DC 20059 USA

Computer simulation has played an increasingly important role in
the manufacture of shape castings in recent years. One of the major
challenges to accurate casting simulation has been the determination
of accurate boundary conditions for a particular casting. In this work,
a specially designed test casting was cast using a low pressure process
under a variety of conditions. Cooling curves were obtained from
regions in both the casting and the mold. Those results were then
compared with cooling curves from the same locations in a finite
element mesh of the entire cast system. A Ford Motor Company
proprietary software program was used to optimize the interfacial
heat transfer coefficients between the metal and the mold as well as to
verify the thermal properties within the mold itself. These results
were then used to predict the solidification behavior of a cylinder head
casting.

9:45 AM Break

10:00 AM
Modeling of Twin-Roll Thin Strip Casting of Aluminum Al-
loys: Yogeshwar Sahai'; Amit Saxena'; 'The Ohio State University,
MSE Dept., 2041 College Rd., Columbus, OH 43065 USA

In twin-roll thin strip casting processes, thermo-mechanical stresses
in solidifying alloy may result in formation of defects. The first part
of this modeling study consisted of predicting melt flow, temperature
profiles, and resulting solidification during the thin strip casting pro-
cess. The predicted temperature gradients in the solidifying alloy and
externally applied mechanical force values, such as roll force and strip
exit tension, were used to predict the thermo-mechanical stresses caused
in the cast strip. A visco-plastic constitutive relation was used to
describe the behavior of solidifying aluminum alloy. The effects of
inlet melt feed rate and contact strip/roll heat transfer coefficient on
the resulting stress profile in the cast strip and rolls were investigated.
The implications of these results in industrial practice are discussed.

10:25 AM
Mathematical Modelling of Wire Rod Casting: Dag Lindholm!;
Einar Arne Serheim!; John Redseth?; Dag Mortensen!; Harald Heggland?;
Institute for Energy Technology, PO Box 40, 2027 Kjeller, Norway;
2Hydro Aluminium, RD Matls. Tech., 4265 Havik, Norway

Wire rod casting is a complex process where molten aluminium
solidifies within a rotating wheel mould. Bar shrinkage and air gap
formation influence on the cooling conditions and thus the quality of
the bar leaving the wheel. This work focuses on a mathematical model
that is tailor-made for continuous rod casting. The two-dimensional
transient model is based on a finite volume technique, and it computes
the development of temperature field in the bar, mould and steel belt
during the casting, as well as in the bar alone when it leaves the rotating
wheel. The work is supplemented with presentation of full-scale mea-
surements of temperatures and a technique for inverse modelling to
find both internal and external heat transfer coefficients.

10:50 AM
Multiphase Modeling of Gas Purging during Continuous Metal
Casting: Anirudh A. Mukhopadhyay'; Andrey A. Troshko'; 'Fluent,
Inc., 10 Cavendish Ct., Centerra Resource Park, Lebanon, NH 03766-
1442 USA

Flow field in the continuous casting molds is critically important for
quality and consistency. Two-phase flow of liquid metal and gas bubbles
has been simulated with two-fluid model. Ability of the two-fluid model
to accurately simulate such flows strongly depends on the correct
closure of interfacial forces governing momentum transfer across the
interface. The interfacial forces include: drag force: drag law is avail-
able for viscous, distorted and spherical cap regimes; lift force: modi-
fied lift coefficient takes into account inviscid lift and aerodynamic
lift due to the vortexes shed by the bubble wake; turbulence dispersion
force: this force accounts for the bubble dispersion caused by turbulent
eddies in the mold; Another important aspect is non-uniformity of
bubble size. Bubble size is controlled by liquid turbulence and several
sizes are investigated. This study focuses on bubble induced flow modi-
fication in the mold.

11:15 AM
A Cooperative Process for Conducting R&D in the Aluminium
Casthouse Products Sector: John A. Taylor'; David H. StJohn!;
ICRC for Cast Metals Manufacturing (CAST), Dept. Mining, Minls. &
Matls. Eng., The University of Queensland, Brisbane, QLD 4072 Aus-
tralia

CAST conducts research, commercialisation and education activities
across four sectors within the light metals industry. The Aluminium
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Casthouse Products sector spans activities ranging from improving
production processes, to expanding product range and quality, to pro-
viding technical support for downstream users. Strategic and industry-
focussed projects with medium to long term goals are conducted with
Centre partners and are supplemented with shorter-term projects with
fee-for-service customers. The strength of the Cooperative Research
Centre approach for providing innovative solutions lies in the net-
working of appropriately-skilled teams and the creation of value chains
across diverse organisations. Flexibility and creativity in funding, IP
and commercialisation arrangements exist. Cross-fertilisation of ideas
from adjacent sectors enhance the solution-generation process. This
paper explores the CRC process as a model for conducting industrial
R&D and uses examples to elucidate the basic principles. Comparisons
are made with more traditional R&D approaches.

Computational Modeling of Materials, Minerals &
Metals Processing:

Monday AM Opening Plenary Session

9:00 AM-10:30 AM

Sponsored by: Materials Processing & Manufacturing Division
Program Organizer: Mark Cross, The University of Greenwich,
Centre for Numerical Modelling and Process Analysis, Old Royal
Naval College, 30 Park Row, Greenwich, London SE10 9LS UK

Monday AM
February 18, 2002

Room: 619-620
Location: Washington State Conv. & Trade Center

Session Chairs: Mark Cross, The University of Greenwich, Sch. of
Compg. & Mathl. Scis., Old Royal Naval College, 30 Park Row,
Greenwich, London SE10 9LS UK; James W. Evans, University of
California, Dept. of Matls. Sci. & Minl. Eng., 585 Evans Hall,
Berkeley, CA 94720 USA

Keynote
Multi-Physics Simulation of Metal Processing: Mark Samonds';
'UES Software, Inc., 175 Admiral Cochran Dr., Annapolis, MD 21401
USA

Manufacturing processes which involve liquid to solid and solid state
transformations in metals encompass a wide variety of physical phe-
nomena. The past twenty years have seen a steady evolution in the
complexity and scope of numerical models of these processes, begin-
ning with thermal analyses without phase change. Recently, a few
software packages have become available which have true multi-phys-
ics capabilities. This permits the treatment of thermal, fluids, stress,
electromagnetic, chemical reaction and microstructure development
aspects altogether in a fully coupled simulation. This paper will con-
sider various aspects of these types of models.

Keynote
Computing the Dynamic Interaction of Magnetic Fields and
Turbulent Conducting Fluids in Metals Processing: Koulis
Pericleous'; 'University of Greenwich, Greenwich Maritime Campus,
Queen Mary Ct., Rm. 361, Greenwich, London SE10 9LS UK
Magnetic fields have many actual applications in the metals pro-
cessing industry. Externally applied magnetic fields give rise to elec-
tromagnetic (Lorentz) forces formed by the cross product JxB, be-
tween the induced current density J and the magnetic field density B.
When the metal is in liquid form, the Lorentz force generates motion
in the fluid which in applications of practical interest becomes turbu-
lent. In modelling terms, the Lorentz force appears as a source in the
momentum equations. In addition, the induced current generates heat
(Joule heating) in the metal that is in proportion to J2, with a corre-
sponding source of heat in the energy equation. Whether as heat or as
a force, these effects represent action at a distance—a most useful
attribute when dealing with hot metal. The Lorentz force is used to stir
solidifying alloys, pump liquid metal in conduits, dampen the flow in
the meniscus of a continuous caster, levitate metal drops, induce arti-
ficial gravity conditions in suspensions or contain liquid metal. Else-
where, the Lorentz force may be a by-product of some other opera-
tion, so leading to wave excitation in aluminium electrolysis cells, or
altering the shape of the weld pool in arc welding. Joule heating is most
commonly used with applied AC fields, to melt metal in induction
furnaces. The author and his colleagues have been involved in the
modelling of most of these processes in the past decade. Modelling is
not however straightforward, since most of the examples mentioned
represent genuine multi-physics challenges. There is a strong coupling

between the flow field and electromagnetic field. The addition of a
dynamically varying metal free surface and the moving solidus front
means the flow, heat and electromagnetic fields need to be computed
simultaneously. In situations involving metal containment, the metal
free surface position is governed by the interplay of gravity, Lorentz
force, surface tension and fluid inertia. Since all the interesting effects
often happen in thin boundary layers at the surface due to the skin
effect, mesh generation and mesh control during the computation
become non trivial problems that need to be addressed. This paper
presents a review of numerical methods used to model droplet levita-
tion, semi-levitation melting and cold crucible induction melting of
metals. The first method is based on spectral collocation techniques
and the second is the traditional FV approach. Steps taken to validate
the computations and typical transient results are also given.

10:30 AM Break

Computational Modeling of Materials, Minerals &
Metals Processing: Track A - CFD Modeling -1

Sponsored by: Materials Processing & Manufacturing Division
Program Organizer: Mark Cross, The University of Greenwich,
Centre for Numerical Modelling and Process Analysis, Old Royal
Naval College, 30 Park Row, Greenwich, London SE10 9LS UK

Monday AM
February 18, 2002

Room: 619
Location: Washington State Conv. & Trade Center

Session Chairs: Mark Samonds, UES Software Inc., 175 Admiral
Cochran Dr., Annapolis, MD 21401 USA; Mayur Patel, University
of Greenwich, Ctr. of Numcl. Modlg. & Proc. Analy., London
SE109LS UK

10:45 AM
Simulation of Turbulent Flow and Particle Transport in the
Continuous Casting of Steel: Q. Yuan!; T. Shi!; S. P. Vanka!; B. G.
Thomas'; 'University of Illinois at Urbana-Champaign, Dept. of Mechl.
& Indl. Eng., 1206 W. Green St., Urbana, IL 61801 USA

The quality of continuous cast steel is greatly affected by fluid flow
in the mold region, especially involving transient phenomena. Math-
ematical models are being applied to investigate many different as-
pects of these phenomena, but their accuracy must be validated before
they can be applied with confidence. As part of a long-term effort to
develop and apply comprehensive models of the continuous casting
process, this work evaluates the relative accuracy of models of three
different fluid flow phenomena in continuous casting through com-
parison with measurements. Firstly, transient flow simulations of ve-
locities in the mold region are compared with digital particle image
velocimetry (PIV) measurements in a single phase water model. Large-
eddy simulations (LES) are found to reasonably match the flow mea-
surements, including transient flow variations, except at long time
scales, which could not be modeled owing to the excessive computa-
tion costs. The standard K-& model produced very good agreement
with time-averaged velocities for relatively little computation time,
although it is inaccurate at predicting the transient variations. Sec-
ondly, particle trajectory calculations are compared with water model
measurements to study the distribution and flotation removal of inclu-
sion particles. The LES model was able to match the measurements
both qualitatively and quantitatively. Thirdly, steady, multiphase flow
computations are compared with flow patterns observed in both a
water model and an operating steel caster with argon gas injection. For
the same conditions, the water model and steel caster produced very
different flow behavior. The computational model was able to match
the measured flow patterns in both cases. This work suggests that
computational flow modeling has the potential to match real pro-
cesses as well or better than water models, especially when complex
related phenomena such as particle motion and multiphase flow are
involved. Much work is still needed to further improve the models and
to apply them in parametric studies.

11:10 AM
CFD Modeling of the Hydrodynamics of Fluidization in the
Sand Surrounding a Lost Foam Casting Pattern: Nathanael
Harrison Hudson'; Sushil Bhavnani'; Ruel A. Overfelt!; !'Auburn Uni-
versity, Dept. of Mechl. Eng., 213 Ross Hall, Auburn University, AL
36849 USA

In the aerospace and automotive industries, shapes arise which re-
quire casting. The problem with these cast parts is the empiricism and
expense in developing an efficient casting process. There has been an
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interest in using the fluidized bed to allow sand to better encapsulate
the complicated surface geometry of a lost foam pre-casting mold.
Fluidization helps to eliminate the voids in the sand and improves the
integrity of the casting. At issue is the hydrodynamics of the sand and
air around the pre-casting mold. The software PHOENICS, employing
a two-fluid approach, is used to simulate the flow of sand and air as
interpenetrating continua. The kinetic theory of granular flow for the
sand phase is incorporated into the re-compilable PHOENICS code.
The results of this study consist of voidage patterns and the velocity
components of the respective phases around the pre-casting submerged
in a two-dimensional fluidized bed. The model is benchmarked against
experimental voidage patterns without a foam pre-casting and to some
trials with a pre-casting. The final test consists of a series of computer
runs with an obstacle submerged in the bed at various aspect ratios of
length to width.

11:35 AM
Continuum Modelling of Granular Flows using PHYSICA, a 3-
D Unstructured, Finite-Volume Modelling Framework: Nicho-
las Christakis'; Mayur K. Patel'; Mark Cross'; John Baxter?, Hadi Abou-
Chakra?; Ugua Tiiniin?;, 'University of Greenwich, Ctr. of Numcl. Modlg.
& Proc. Analy., Sch. of Compg. & Mathl. Scis., 30 Park Row, London
SE10 9LS UK; 2University of Surrey, Dept. of Cheml. & Proc. Eng.,
Guildford, GU2 5XH Surrey, UK

In recent years significant effort has been put in using Continuum
Mechanics for the description of granular flows. Although these mod-
els are partially successful in capturing some flow characteristics, they
lack essential information on material properties, which are needed to
account for the interactions between different particles. Thus, they
are incomplete and can not be used to describe processes such as hop-
per filling/emptying and pneumatic conveying, where particle-particle
interactions can lead to phenomena such as segregation, degradation
and agglomeration. In this paper, a 3-D unstructured Finite-Volume
framework is presented, which employs interface tracking techniques
(VOF/SEA algorithms) to determine the material-air interface. Sepa-
rate routines are employed to perform the tracking of the individual
material components of the granular mixture in the bulk. Various
transport processes, arising from the micro-mechanical properties of
the different particle species in the granular mixture, can be obtained
through kinetic theory. The transport coefficient(s) of each of the
individual species can be determined and analysed in a micro-mechani-
cal framework and the transport process parametrised in the form of
constitutive model. These models provide the continuum theory with
information on the micro-mechanics. This work describes in detail the
numerical schemes employed in the Continuum Mechanics framework
and the micro-mechanical parametrisations that are implemented in
the transport equations. Model predictions for different flow condi-
tions and comparisons with experimental data are presented and con-
clusions are drawn on the model capability to realistically predict and
quantify the main characteristics of granular flows.

12:00 PM
Mathematical Model of Inclusion Removal during Steel De-
gassing: Michel Cournil'; Frédéric Gruy'; Pascal Gardin?; Hubert Saint-
Raymond?; !Ecole des Mines de Saint-Etienne, SPIN Div., 158 Cours
Fauriel, Saint-Etienne, Cedex 2 42023 France; 2IRSID, Themef, Voie
Romaine, BP 30320, Maiziéres-1¢s-Metz, Cedex 57283 France; 3IRSID,
PCMO, Voie Romaine, BP 30320, Maiziéres-1és-Metz, Cedex 57283
France

The control of inclusion elimination is getting more and more im-
portant to obtain clean steel. But having a predictive tool is still a
challenge, because the number of phases is important in steelmaking
industry: liquid steel, slag layer, bubbles and inclusions (with a large
range of composition and rheology). The paper presents the method-
ology which is developed at IRSID to predict oxygen content evolu-
tion during RH degassing.The main mechanisms which have to be
considered are:-inclusion growth by turbulent aggregation of elemen-
tary inclusions (keeping in mind that liquid steel is a non-wetting
medium for inclusions); the difficulty is to express collision efficiency
for alumina particles, -inclusion removal by flotation; the difficulty
for alumina clusters stems from the complex morphology of particle;
fortunately, the use of fractal concept makes it possible to cope with
this problem.The proposed paper describes the general modelling of
inclusion removal taking into account the previous mechanisms. Hy-
drodynamic parameters are obtained by means of Fluent CFD package
and a specific coding is developed for cluster growth. Influence of
different parameters (fractal dimension, argon flow rate) on time-
dependant inclusion size distribution is given.

12:25 PM
Application of Coupled Continuum-Mesoscopic Computational
Methods for the Simulation of Complex Fluids in Industrial
Processes: Greg Glinski!; Chris Bailey'; Koulis Pericleous!; 'Univer-
sity of Greenwich, 30 Park Row, Greenwich SE10 9LS UK

Recent advances in new computational modelling techniques such as
Lattice-Boltzmann and Dissipative Particle methods offer the pros-
pect of simulating complex fluids such as colloidal and dense suspen-
sions in industrial processes. These methods provide a means to over-
come challenges that arise in modelling such fluids due to the disparate
temporal scales present. These methods are termed mesoscopic meth-
ods as they lie between computational intense molecular dynamics and
traditional macroscopic CFD methods. This paper will discuss the use
of the methods to simulate the movement and subsequent processing
of solder paste material in electronic component manufacture. Results
will be presented that show how these methods are coupled within a
macroscopic CFD code to provide detailed predictions of solder paste
deposition onto a printed circuit board. Comparisons between the
model results and experimental data will also be presented.

Computational Modeling of Materials, Minerals &
Metals Processing: Track B - Heat & Mass Transfer - |
Sponsored by: Materials Processing & Manufacturing Division
Program Organizer: Mark Cross, The University of Greenwich,
Centre for Numerical Modelling and Process Analysis, Old Royal
Naval College, 30 Park Row, Greenwich, London SE10 9LS UK

Monday AM
February 18, 2002

Room: 620
Location: Washington State Conv. & Trade Center

Session Chairs: Koulis Pericleous, University of Greenwich,
Greenwich Maritime Campus, Greenwich, London SE10 9 LS UK;
Stavros A. Argyropoulos, University of Toronto, Dept. of Metall. &
Matls. Sci., Toronto, Ontario M5S 3E4 Canada

10:45 AM
Heat Load Control of Blast Furnace Wall using Statistical
Optimization Techniques: 7ae-hwa Choi'; Yong-hwan Chu?;
Chonghun Han?; 'Pohang Iron and Steel Company(POSCO), Techl.
Rsrch. Labs./Iron & Steel Making Rsrch. Grp., 1 Goedong-dong, Nam-
gu, Pohang-shi, Gyungbuk 790-785 Korea; 2Pohang University of Sci-
ence and Technology, Dept. of Chem. Eng., 31 san Houja-dong, Nam-
gu, Pohang-shi, Gyungbuk 790-300 Korea

In the blast furnace, various complex phenomena take place includ-
ing mass transfers, heat transfers, a lot of reactions and phase equilib-
riums, but systems of these phenomena are not found out clearly even
until now. Consequently, it is very difficult to make fundamental mod-
els on these systems, which results in the operation based on the
heuristics of industrial operators by changing operating condition little
by little due to ignorance of the optimum point. However, since this
method is not systematic, we propose statistical optimization tech-
nique based on analysis of historical data and empirical model building.
In this approach, we first find the variables which must be optimized
and the manipulated variables to adjust those response variables. Next,
we collect the necessary data for these variables after preprocessing
such as removal of noise and outlier. Finally, we construct empirical
models describing the patterns of response variables in terms of ma-
nipulated variables by PLS regression method, and then these models
are used as objective functions for entire optimization problem. By
using appropriate optimization algorithm, this multi-objective opti-
mization problem is solved, which gives us the compromising opti-
mum operating condition considering all response variables from the
past operating conditions.

11:10 AM
Mathmatical Modeling and Experimental Verification of As-
similation of Exothermic Additions in Liquid Metals: Stavros A.
Argyropoulos'; Henry H. Hu?; 'University of Toronto, Dept. of Metall.
& Matls. Sci., 184 College St., Toronto, Ontario M5S 3E4 Canada;
2University of Windsor, Dept. of Mech., Automot. & Matls. Eng., 401
Sunset Ave., Windsor, Ontario N9B 3P4 Canada

The assimilation of exothermic additions in liquid metals exhibit an
array of unique coupled heat, mass and momentum transport phenom-
ena. The phenomena are further complicated with the presence of a
moving boundary. In this paper a mathematical model will be described
which solves these coupled complex phenomena. The SIMPLER algo-
rithm was employed to solve numerically the pertinent partial differ-
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ential equations. The computational results indicated that the exo-
thermic heat of mixing leads to a rapid increase of temperature around
the moving boundary, which produced an enhanced convective flow in
the liquid phase. The intensification of fluid flow around the moving
boundary resulted in an acceleration of the melting process. An exten-
sive verification of the mathematical model was carried out and will be
described in the paper. First, in a low temperature physical model
consisting of ice immersion in different sulfuric acid solutions. In this
physical model, both temperature and velocity measurements were
carried out. The model results were compared with experimental mea-
surements and they were found to be in good agreement. Second, in a
high temperature work involving assimilation of silicon in high carbon
liquid iron. The model was also applied to predict fluid flow, heat and
mass transfer for this high temperature experiments and a reasonable
agreement was obtained. In addition new dimensionless heat transfer
correlations that quantify these complex phenomena will be presented.

11:35 AM
A Model of the Cathode Dynamics in Electric Field-Enhanced
Smelting and Refining of Steel: David Michael Dussault'; Adam
Powell!; 'Massachusetts Institute of Technology, Matls. Sci. & Eng.,
77 Massachusetts Ave., Rm. 4-117, Cambridge, MA 02139 USA

A mathematical model of coupled diffusion, electrochemical reac-
tions and fluid dynamics at the cathode in electric field-enhanced
smelting and refining of steel is developed using the Navier-Stokes
equations and the phase field method. Experimental evidence indicates
that the reaction rate is limited by ferrous ion transport to the cath-
ode, resulting in a Mullins-Sekerka instability at the slag-metal inter-
face and the growth of liquid iron fingers into the liquid slag. The
differential equations are discretized using finite differencing with a
uniform mesh, and the resulting system of nonlinear equations is solved
using a multidimensional Newton-Krylov method. Presented are the
formulation and two dimensional results, and issues expected to arise
on extension to three dimensions are discussed.

12:00 PM
A Mathematical Model for the Control of Metallurgical Prop-
erties of the Product Sinter: Ndabezinhle Manengi Dube'; E. F.
Vegman?; !'University of Zimbabwe, Fac. of Eng., Dept. of Metall.
Eng., PO Box MP167, Mount Pleasant, Harare Zimbabwe; 2Institute
of Steel and Alloys, Moscow Russia

In the conventional practice of sintering, the quality of the product
sinter down the cross-section of the bed is quite variable,with the top
layer consisting of weak sinter and the bottom layer, strong over-fused
sinter of poor reducibility. This points to a variable distribution of the
heat balance in the sintering process down the sinter bed. This causes
losses in the productivity of the sinter machine and the blast furnace.
The experienced phenomenon caused by varying input of regenerated
heat requires a zonal approach to the study of the sintering process
with the aim of producing a uniform quality of the sinter cake. The
current work includes a mathematical model that would make possible
optimization of multiple-layer sintering and segregation technologies.
It is based on a zonal heat balance. This calculation method presents
the following prospects: 1. The minimum theoretically possible coke
fines consumption during the sintering of any type of iron ore fines
can be established. The optimum difference between the coke fines
rates in the top and bottom layers during multiple-layer sintering
should be easily determined with the aid of this model. 2. On the basis
of this model an automatic control system for the coke rates in the
top and bottom layers during two-layer sintering is possible. 3. The
model can be used to control the quality (chemical, physical and met-
allurgical) of the sinter in any point down the sinter bed since the data
input includes basicity, combustion zone temperature, and FeO con-
tent in the product sinter.

12:25 PM
Modelling the Magnetostriction of Textured Ferromagnetic
Materials with a Cubic Structure: Ruben Decocker'; Leo Kestens!;
Yvan Houbaert!; !'University Ghent, Metall. & Matl. Sci.,
Technologiepark 9, Ghent, East-Flanders 9052 Belgium

A magneto-elastic model is presented to calculate the orientation
dependence of the magnetostrictive strain, observed at saturated mag-
netization in ferromagnetic materials with a cubic crystal structure and
an arbitrary crystallographic texture. The formula of Becker and Doéring
is used to express the anisotropy of magnetostriction for a single
crystal. In order to simulate the macroscopic average magnetostric-
tion of a polycrystalline aggregate (with an arbitrary texture) the
Reuss assumption of the elasticity theory was applied. According to
this assumption the various orientations of the polycrystal can de-
form without constraints, producing local strain incompatibilities in
the microstructure but observing a total stress equilibrium. The macro-

scopic strain is calculated as the weighted average of the individual
strains of all orientations composing the polycrystal. The weight fac-
tors are determined by the volume fractions of the corresponding
orientations of the given texture, which can be measured by standard
X-ray diffraction techniques. The model is applied to simulate the
variation of magnetostriction (at saturation) with respect to the roll-
ing direction for a standard grade of non-oriented electrical steel. A
brief comparison with experimental data allows validating the basic
model assumptions.

Computational Phase Transformations:

Stress-Dominated Processes

Sponsored by: ASM International: Materials Science Critical
Technology Sector, Electronic, Magnetic & Photonic Materials
Division, Structural Materials Division, Chemistry & Physics of
Materials Committee, Jt. Computational Materials Science &
Engineering, Thermodynamics & Phase Equilibria Committee
Program Organizers: Long-Qing Chen, Pennsylvania State
University, Materials Science and Engineering Department,
University Park, PA 16802-5005 USA; Mark Asta, Northwestern
University, Department of Materials Science and Engineering,
Evanston, IL 60208-3108 USA; Zi-Kui Liu, Pennsylvania State
University, Materials Science and Engineering, University Park, PA
16082-5005 USA; James Aaron Warren, NIST, CTCMS and
Metallurgy Division, Gaithersburg, MD 20899-8554 USA
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8:30 AM Opening Remarks

8:35 AM
3D Phase Field Microelasticity in 3D Mesoscopic Modeling of
Complex Structures: Yongmei M. Jin'; Yu U. Wang!; Adrmen G.
Khachaturyan'; 'Rutgers University, Dept. of Cer. & Matls. Eng., 607
Taylor Rd., Piscataway, NJ 08854-8065 USA

Recent developments in the Phase Field Microelasticity theory and
its applications to phase transformations and plastic deformation (dis-
location dynamics) of structurally inhomogeneous single and poly-
crystals as well as the development of the computer simulation tech-
niques based on this theory open the way to a realistic 3D simulation
of technologically important materials. The strength of the Phase
Field Microelasticity is its ability to describe the long-ranged strain-
induced interaction between structural inhomogeneities of arbitrary
topological complexity in the spontaneous self-organization processes
without any a priory assumption. The incorporation of dislocations
into the phase transformation theory and taking into account the
grain structure allow one to attack the entire spectrum of important
problems of the computer-aided materials design. Examples of 3D
simulations of a real martensitic transformation in Au-Cd polycrystal-
line shape memory alloy and a simulation of the evolution of multi-
dislocation systems in single and polycrystals during plastic deforma-
tion are presented.

9:20 AM
Phase Field Modeling of Fracture and Deformation of Non-
Crystalline Materials: Mo Li'; 'Johns Hopkins University, Dept. of
Matls. Sci. & Eng., 102 Maryland Hall, 3400 N. Charles St., Balti-
more, MD 21218 USA

Deformation and fracture are non-equilibrium dynamic problem.
Continuum and, most recently, atomistic dynamic modeling are used
for fracture in crystalline and other homogeneous materials. These
methods, however, are not quite suitable for fracture and deformation
in non-crystalline materials. The primary reason is that there is no
clear understanding of the constitutive behaviors as well as detailed
microscopic mechanisms in these materials. In addition, the minimum
dimension of the fracture or deformation regions in non-crystalline
materials is of the order of submicrons, which is too large for atomistic
modeling and too small for continuum modeling. To overcome this
difficulty, we developed a new approach using the phase field model. In
this talk, T will describe the formulation of this new method for defor-
mation and fracture in non-crystalline materials; I will also give ex-
amples from the modeling using this method in crack initiation, propa-
gation, and branching or shear localization in amorphous metals.
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9:50 AM
Computer Simulation of Interactions of Migrating Grain
Boundaries and Dislocations with Solutes and Precipitates:
Yunzhi Wang'; 'The Ohio State University, Matls. Sci. & Eng., 2041
College Rd., Columbus, OH 43210 USA

The interactions between migrating defects such as grain boundaries
and dislocations with impurities and precipitates determine many im-
portant properties of materials. In this presentation, we discuss recent
advances in phase field modeling of solute segregation and phase tran-
sition at migrating grain boundaries and dislocations and migration of
dislocations through g channels in single crystal cuboidal gamma/gamma
microstructures and gamma/gamma multilayers of superalloys. In par-
ticular, the transition from low solute segregation to high solute segre-
gation will be characterized as function of temperature, solute concen-
tration and defect migration velocity. The motion of confined dislo-
cation propagation within g channels and layers will be characterized
as function of channel width and layer thickness and misfit dislocation
content. The simulation results will be discussed against the ones ob-
tained from other methods that update defect and microstructural
states according to a path of steepest decent in energy or according to
a Monte Carlo process.

10:20 AM Break

10:40 AM
Study of Strain-Mediated Transitions via Discrete Atom Method:
Jong K. Lee'; 'Michigan Technological University, Matls. Sci. & Eng.,
1400 Townsend Dr., Houghton, MI 49931 USA

Materials processing presents various strain-mediated phenomena.
For example, heteroepitaxially-grown thinfilms split into islands, or
certain gamma prime precipitates during the processing of nickel-
based superalloys split into smaller particulates. Such elastic instabili-
ties occurring in complex boundary conditions were studied through
the discrete atom method (DAM), which is predicated upon both sta-
tistical mechanics and linear elasticity. Precipitate splitting was found
to depend on the commensurateness in elastic anisotropy between a
precipitate and its matrix phase. A driving force for ordering was long
known to be strain relaxation due to difference in atomic size. Such an
ordering in a substitutional alloy was also examined, and the transition
was found to be, depending on the degree of mismatch, of either a
second-order or a first-order kinetics. The DAM work was recently
extended to simulate the Jahn-Teller distortion which is partially re-
sponsible for the colossal magnetoresistance, i.e., a large decrease in
resistance upon application of a magnetic field for certain perovskite-
type manganese oxides such as La0.7Ca0.3MnO3. The distortion due
to the spin-orbit coupling of Mn ion was approximated to be harmonic
and its related ordering behavior such as ferromagnetic phase transfor-
mations was studied.

11:10 AM
Ostwald Ripening in Elastically Stressed Solids: K. Thornton';
P. W. Voorhees'; 'Northwestern University, Matls. Sci. & Eng., 2225
N. Campus Dr., Evanston, IL 60208 USA

Phase separation in crystalline solids is usually accompanied by long-
ranged elastic stress. We have investigated the dynamics of Ostwald
ripening in elastically stressed crystalline solids through large-scale
numerical simulations. Using the insight provided by the calculations,
a theory for the kinetics of ripening in elastically anisotropic homo-
geneous solids is developed. Both the theory and simulations show that
elastic stress does not alter the exponent of the temporal power law
for the average particle size, but does affect the amplitude of the
power law in a manner that is only a function of the symmetry of the
particle morphology. At sufficiently large misfit or volume fraction of
precipitate interparticle coalescence may play a significant role in the
coarsening process. The results of calculations that follow this coales-
cence process using a hybrid boundary-integral level-set method will be
presented. Work supported by the National Science Foundation.

11:40 AM
A Mesoscopic Electromechanical Theory of Polycrystalline Fer-
roelectrics: Jiangyu Li'; 'University of Nebraska, Dept. of Eng.
Mech., Lincoln, NE 68588 USA

We present an effective mesoscopic theory on the electromechani-
cal behavior of polycrystalline ferroelectrics which takes into account
both the effect of domains and grains, and gives remarkably good
predictions on the polarizability, saturation polarization and strain,
the effective texture, and the effective piezoelectric constants of
ferroelectric polycrystals. The superior electromechanical property
of PZT at morphotropic phase boundary is explained, and optimal
texture of polycrystals for high-strain actuation is identified.
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Materials Science, Irvine, CA 92697-2575 USA; Sai V. Raj, NASA
Glenn Research Center at Lewis Fields, Cleveland, OH 44135 USA
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8:30 AM Opening Remarks

8:35 AM Keynote
Elevated Temperature Crystalline Plasticity at Diminished
Length Scales: Amiya K. Mukherjee'; 'University of California,
Cheml. Eng. & Matls. Sci., One Shields Ave., Davis, CA 95616 USA
Creep and superplasticity have been studied in metallic and ceramic
nanocrystalline materials. The nanocrystalline structures have been
produced using one of the following techniques: high pressure torsion,
pyrolysis of polymer precursor, crystallization from bulk metallic
glass and electrodeposition. The processed nanocrystalline microstruc-
ture consisted of neat matrix, dispersion strengthened alloy, nano-
nano and micro-nano composite and nanocrystalline thin film
multilayers. The ceramic nano-nano composites exhibited extremely
low creep rates. The metallic nanomaterials demonstrated both high
strain-rate as well as low-temperature superplasticity. They also ex-
hibited very high flow stresses and strain-hardening rates that cannot
be explained by either grain growth or dislocation storage. The thin
film multilayers revealed interesting scale-dependent behavior at el-
evated temperatures. The results will be discussed in terms of creep and
superplastic deformation mechanisms in the domain of significantly
dimin ished length scales. This investigation is supported by grants
from NSF (#DMR-9903321) and ONR (#N00014-00-1-0186).

9:05 AM Invited
From Power Laws to Constitutive Relations—Creep as Special
Case of Plastic Deformation: Wolfgang Blum'; Philip Eisenlohr!;
"University of Erlangen-Nuernberg, Inst. f. Werkstoffwissenschaften
LS1, Martensstr. 5, 91058 Erlangen, Germany

Research in creep is usually focusing on the power law relation be-
tween minimum creep rate and stress at constant temperature. Regions
with a particular constant value of the stress exponent n are generally
interpreted in terms of a particular deformation mechanism. The aim
of the present contribution is to interpret creep as a special case of
plastic deformation, starting with overelastic loading of the material
up to a certain stress ¢ and then continuing at constant ¢ with work
hardening or softening towards the steady state. The state of develop-
ment of constitutive relations for the evolution of the dislocation
structure with particular emphasis on dynamic recovery of disloca-
tions and the kinetics of dislocation motion is presented. It is shown
that contemporary constitutive relations developed for describing work
hardening are also suited to describe creep. The constitutive modeling
is helpful in checking the validity of the traditional power law inter-
pretations.

9:30 AM Invited
Transitional Creep Mechanisms in Zr-Alloys: Application to
Dry Storage of Spent Nuclear Fuel: K. L. Murty'; Y. Zhou!; B.
Devarajan!; 'DMR, National Science Foundation, Metals Rsrch., Prog.
Dir., 4201 Wilson Blvd., Arlington, VA 22230 USA

Transitions in creep mechanisms are investigated in thin walled
tubing of Zircaloy (Zr alloyed with Sn and Fe) and Nb-added Zircaloy
under biaxial loading using internal pressurization superimposed with
axial load. The diametral strains are monitored in-situ using a Laser
telemetric extensometer. Both the alloys followed an exponential
stress variation of the creep-rate at high (>10-3E) stresses. At very
low stresses, viscous creep (n=1) was noted identifiable with Coble
creep corresponding to small grain sized materials. At intermediate
stress levels, Zircaloy behaved like class-M alloy with the climb of
edge dislocations as the rate-controlling mechanism whereas addition
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of Nb seems to indicate class-A type with stress exponents of 3 and 5
at lower and higher stress levels respectively. These findings are con-
sistent with the earlier creep and TEM studies. In addition, short-term
burst rupture properties of Zircaloy and Nb-added Zircaloy are investi-
gated at temperatures ranging from 638K to 843K by internal pressur-
ization of closed-end tubing samples. The data enabled an evaluation
of Larson-Miller parameter and the present experimental results on
Zircaloy-4 were in excellent agreement with those reported in the
literature. Negligible differences were noted in the rupture characteris-
tics between the standard Zircaloy and Nb-added Zircaloy. These re-
sults have significance on the feasibility of surface storage of spent
fuel where the creep deformation of the cladding could be a failure
mode because of the residual heat and fission products following expo-
sure to neutron irradiation in commercial nuclear plants. Although
blind extrapolation of short-term creep results to low stresses encoun-
tered during dry storage could lead to nonconservative estimates of the
creep-rates and creep-strains, our estimations indicate extremely small
contributions of viscous creep to the total strain.

9:55 AM Invited
Creep Processes at Low Stress Levels: Terence G. Langdon'; 'Uni-
versity of Southern California, Depts. of Aeros. & Mechl. Eng. &
Matl. Sci., Los Angeles, CA 90089-1453 USA

Creep experiments on pure metals and metallic alloys often show
evidence for the occurrence of different creep mechanisms at very low
stresses. For example, the stress exponent typically shows a transition
to ~1-2 at low stresses. Possible mechanisms of flow under these con-
ditions are grain boundary sliding, diffusion creep and Harper-Dorn
creep. This paper examines the characteristics and viability of these
various creep mechanisms.

10:20 AM Break

10:30 AM Invited
Thermal Activation in Plasticity: U. Fred Kocks'; 'PO Box 89,
Placerville, CO 81430 USA

In a recent paper, Cahn and Nabarro! and, earlier, Nabarro? have
raised some old issues in this area—without, however, providing the
answers that have been generally accepted (or at least widely used)
since the publication, in 1975, of “Thermodynamics and Kinetics of
Slip” by Kocks, Argon and Ashby?, which has been recently summa-
rized by Kocks*. The present short contribution aims at emphasizing
some salient points, using the assertions in' as an organizing principle.
Particular points to be discussed are: the meaning of activation param-
eters (including the ‘pre-exponential factor’) and their tensor charac-
ter; the role of the ‘mechanical threshold’; the influence of multiple
slip and ‘multi-axial tests’; a distinction of the directional from the
scalar relation between stress and strain-rate; the relevance of ‘reverse
jumps’ and of the hyperbolic-sine relation. !Cahn JW, Nabarro FRN,
Thermal Activation under Shear: Phil. Mag. A81 5,4409-4426; 2Nabarro
FRN, Thermal Activation and Andr ade Creep: Phil. Mag. Letters 75,
227 (1996) *Kocks UF, Argon AS, and Ashby MF, Thermodynamics
and Kinetics of Slip: Prog. Mater. Sci. 19, 1-288 (Pergamon 1975)
“Kocks UF, Plasticity: Thermal Activation Approach: Encyclopedia
of Materials Science and Technology (Elsevier 2001).

10:55 AM
Deformation Processes during Creep of Pure Aluminium: B.
Wilshire'; C. J. Palmer!; !'University of Wales Swansea, Dept. of Matls.
Eng., Singleton Park, Swansea SA2 8PP UK

When power-law relationships are used to quantify the dependences
of the secondary or steady-state creep rates on stress (o), the gradients
(n) of the resulting log clog (strain rate) plots vary in different stress/
temperature regimes. Thus, pure metals are commonly considered to
show regimes with n = 1 at low stresses and n = 4 at higher stresses, with
n increasing rapidly as the stress increases further into the ‘power law
breakdown’ range. Traditionally, the stress dependences of the stress
exponent (n) are rationalised on the assumption that different creep
mechanisms become dominant over different stress ranges. Yet, while
creep is known to occur by diffusion-controlled generation and move-
ment of dislocations when n = 4, no general agreement has been
reached on the precise mechanisms involved. Moreover, an unre-
solved debate continues over whether creep in the n = 1 regime takes
place by dislocation processes or by diffusional creep process which do
not require dislocation movement. Given the controversies still sur-
rounding the mechanisms controlling the creep properties of pure
metals after more than 50 years of study, it is necessary to consider
whether the continued adoption of power-law approaches has any
prospect of proving successful in the future. For this reason, the creep
behaviour patterns observed for pure aluminium have been re-evalu-
ated. This analysis suggests that the concept of ‘steady-state’ creep
should be abandoned on the grounds that a steady-state creep rate is

rarely achieved. Moreover, standard stress/creep rate plots are shown
to be well represented by continuous curves, with the dislocation pro-
cesses governing the rates of creep strain accumulation being essen-
tially the same at all stress levels, irrespective of the n value exhibited.

11:20 AM
Activation Volume for Shear under Low Stresses: F. R.N. Nabarro';
IMaterials Research Institute, Univ. of the Witwatersrand, PB 3,
Johannesburg WITS 2050 S. Africa

A system shows a strain rate € under a shear stress 6. The customary
definition of the experimental activation volume V’¢ (¢) = kT(d1ne/
0c) at constant temperature is valid only when o is of the order of the
flow stress at low temperatures. For Newtonian flow at low stresses V’¢
(o) = kT/ o, independently of the nature of the system. A similar
anomaly occurs for power-law creep. We show that, for a potential
that is symmetrical with respect to forward and backward jumps, if the
true activation volume V’(c) tends to a constant value V’(O) as o
tends to zero, then V’(O) cannot be determined by strain-rate changes
in the Newtonian regime.

11:40 AM
A Microstructurally Based Model of Steady-State and Con-
stant Structure Creep: Jeffery C. Gibeling'; Martin Heilmaier?;, 'Uni-
versity of California, Dept. Cheml. Eng. & Matls. Sci., One Shields
Ave., Davis, CA 95616 USA; 2Plansee AG, Tech. Ctr., A-6600, Reutte,
Tirol, Austria

Current models have proven unsuccessful in fully rationalizing the
unusual creep characteristics of dispersion strengthened metals. The
most notable characteristics are the high value of the activation en-
ergy as compared to particle-free materials and the specific quantity
and temperature dependence of the particle-induced threshold stress.
While existing models generally provide satisfactory descriptions of
creep under steady-state conditions, second order effects such as the
response to stress changes have not been investigated to discriminate
between models. To overcome these shortcomings, we propose a
microstructurally based model that rests on the idea that internal back
stresses develop during creep due to dislocation/dislocation and dislo-
cation/particle interactions. Thus, the effective stress rather than the
applied creep stress is the key factor for dislocation motion. This
approach enables a unified description of the steady-state creep be-
havior of copper with and without dispersoids with a single s et of
microstructurally founded parameters. In addition, the temperature
dependencies of the creep resistance (incorporating the activation
energies for self-diffusion and core-diffusion) and of the threshold
stress (via the shear modulus) are correctly reflected. Finally, the dif-
ference in constant structure creep after stress reductions is predicted:
while in pure copper the constant structure creep rate is found to be
lower than the eventual steady-state rate, the opposite behavior is
observed in dispersion strengthened copper.

David L. Davidson Symposium on Fatigue: Fatigue
Mechanisms

Sponsored by: Structural Materials Division, ASM International:
Materials Science Critical Technology Sector, Jt. Mechanical
Behavior of Materials, High Temperature Alloys Committee
Program Organizers: Kwai S. Chan, Southwest Research Institute,
Department of Materials Science, San Antonio, TX 78284 USA;
Richard S. Bellows, Solar Turbines, Inc., Materials and Process
Engineering, San Diego, CA 92186-5376 USA; Peter K. Liaw,
University of Tennessee, Department of Materials Science and
Engineering, Knoxville, TN 37996-2200 USA; Winston O.
Soboyejo, Princeton University, Department of Mechanical
Aerospace Engineering, Princeton, NJ 08544 USA; Thomas Zogas,
Carpenter Technology Corporation, Reading, PA 19612-4662 USA

Monday AM
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Room: 208
Location: Washington State Conv. & Trade Center

Session Chairs: Kwai S. Chan, Southwest Research Institute, 6220
Calebra Rd., San Antonio, TX 78238 USA; Wole Soboyejo,
Princeton University, Mechl. & Aeros. Eng., Princeton, NJ 08544
USA

8:30 AM Opening Remarks
8:35 AM Introduction
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8:45 AM Keynote
Fatigue Crack Initiation Mechanisms and Fatigue Life in High-
Cycle and in Ultrahigh-Cycle Fatigue: Hae/ Mughrabi'; 'Univer-
sity Erlangen-Nuernberg, Institut fuer Werkstoffwissenschaften,
Martensstr. 5, Erlangen D-91058 Germany

First, the different fatigue crack initiation mechanisms will be re-
viewed. Emphasis will be placed on cyclic strain localization phenom-
ena, trans- and intergranular crack initiation mechanisms and crack
initiation at second-phase particles and at near-surface pores and cavi-
ties. Then, attention will be turned to fatigue life diagrams both in the
form of S-N curves and Manson-Coffin plots. Points of particular
interest will be the consideration of fatigue life-controlling mecha-
nisms in the ultrahigh-cycle fatigue (UHCF) or gigacycle range (fa-
tigue lives in excess of ca. 10% cycles). Microstructural interpretations
of so-called “two-stage” or “multi-stage” fatigue life diagrams exhibit-
ing a second lower fatigue limit in the UHCF range will be proposed. In
particular, it will be argued that such fatigue life diagrams are not
confined to materials containing inclusions, such as steels, and in which
internal fatigue cracking, originating from the inclusions, has been
observed in the UHCF range. Rather, similar fatigue life diagrams are
also to be expected for pure single-phase metals and alloys in which
cracks always initiate at the surface.

9:15 AM Invited
Fatigue: SEM Based Studies of Crack Initiation and Early
Growth: Angus J. Wilkinson'; 'University of Oxford, Dept. of Matls.,
Parks Rd., Oxford, Oxon OX1 3PH UK

This talk will illustrate our use of SEM based diffraction methods in
the study of some fatigue problems. The electron channelling contrast
imaging (ECCI) method has allowed us to image dislocation substruc-
tures in bulk samples in the SEM. Some advantages afforded by ECCI
are (i) large areas can be observed, (ii) repeated intermittent observa-
tions of the same area can be made, and (iii) sample containing cracks
are readily studied. Examples of direct imaging of dislocation configu-
rations at the tips of stage I and stage II cracks will be given. The use
of electron back scatter diffraction in studying the effects of grain
boundary geometry on the strength of short fatigue crack retardation
will also be discussed. Studies in Al-Li 8090 alloy have shown that
cracks propagate onto slip planes in the next grain so as to minimise
the twist deflection, and for those boundaries at which the minimal
twist deflection is large the crack retardation tends to be strong.

9:45 AM Cancelled

Mechanisms of High-Cycle Fatigue Crack Growth and Investi-
gations on the Influence of Loading Frequency: Stefanie Stanzl-
Tschegg

9:45 AM Invited
A New Concept of Sn Curve and Fatigue Strength in the Giga-
cycle Fatigue: Claude Bathias!; ICNAM/ITMA, 2 rue Conte, Paris
75003

Safe-life design based on the infinite-life criterion was initially de-
veloped through the 1800s and early 1900s, one of which is the stress-
life or S-N approach related to the asymptotic behavior of steels. A lot
of materials display a fatigue limit or “endurance” limit at a high
number of cycles (typical >10°). Most other materials do not exhibit
this response, instead displaying a continuously decreasing stress-life
response, even at a great number of cycles (106 to 10%), which is more
correctly described by a fatigue strength at a given number of cycles.
Time and cost constraints usually rule out the use of conventional
fatigue tests of more than 107 cycles to check the structural materials.
In contrast to conventional fatigue tests, which require a long duration
of time due to the high numbers of load cycles at low frequencies
(typical < 50 Hz), the proposed piezoelectric fatigue technique oper-
ates at much high frequency (about 20 KHz). Thus the required time
for measurements in the high cycles fatigue range is considerably re-
duced. In the area of application and design, high-cycle fatigue (HCF)
failures are very common. Unfortunately, they are not well understood
nor there is a methodology available. The current standardized design
methodologies are unable to accurately predict HCF damage. The goal
of the research is to develop experimental and analytical techniques to
understand the onset of HCF behavior of structural materials. The
mechanisms of fatigue cracks have been determined thanks to
microfractographic analyses on the scanning electron microscope.
The fatigue strength is also estimated by the Murakami model, which
has been applied to many fatigue problem of high strength steels
including nonmetallic inclusions and small defects, but the model does
not fit the gigacyclic fatigue well. A modified empirical equation was
proposed to predict high cycle fatigue life of high strength steels.
Investigations concerning long fatigue lives (>107 cycles) are rela-
tively rare. The reason is obvious, the testing time and costs are too

much to perform the fatigue tests of more than 108 cycles using a
conventional testing machine. A possibility of accelerated tests of the
structural materials (metals, alloys, composites) is considered by using
high frequency cyclic loading. The ultrasonic fatigue is one of the
most economical and practical ways to tests the structural materials.
The S-N curves for the high strength aloys were obtained between 10°
and 10° cycles. The most noticeable was that the continuous failure
could occur over 107 cycles and the fatigue limit could not be obtained
until 10° cycles. It should be described by a fatigue strength at a given
number of cycles, and realized the risk of obtaining the fatigue limit at
107 cycles.

10:15 AM Break

10:25 AM Keynote
Assessment of the Origin of a Gas Turbine Disk Crack: David
L. Davidson'; 'Southwest Research Institute, 117 Elm Spring Ln., San
Antonio, TX 78231 USA

An analysis has been made to determine the cause of cracking found
in the disk of a fighter aircraft gas turbine engine. The investigation
integrates (1) fractography of the attachment surface and metallogra-
phy of the cracked disk, (2) stress analysis of the blade/disk attach-
ment, (3) recent theoretical analyses of fretting fatigue, and (4) fa-
tigue crack growth and stress-life characterization for the disk mate-
rial. Information about the cracking gained from each of these tech-
niques has uncertainty associated with it, for reasons specific to each.
Thus, the cause of the crack remains uncertain (at least at the time of
this abstract), but the analysis helps to clarify additional research that
is needed to prevent this type of disk cracking.

10:55 AM Invited
Analysis of Fretting Fatigue with Spherical Contact in 7075-T6
Aluminum Alloy: Jaime Dominguez'; 'ESI, University of Seville,
Dept. of Mechl. Eng., Camino de los Descubriminentos s/n, Sevilla
41092 Spain

This paper analyses some aspects of fretting fatigue in 7075-T6
aluminum alloy. The case of uniaxial elements under cyclic loading and
the action of a spherical fretting pad subjected to constant normal
loading is considered. Friction forces and stresses involved in partial
slip and small amplitude global sliding between the surfaces in contact
are examined. The analysis includes an approach to calculate analyti-
cally the displacement of the stick zone induced by the bulk stress
applied to the specimen. A series of tests controlling normal and
tangential contact loads, and cyclic displacements in addition to the
fatigue loading parameters cyclic stress amplitude, frequency, and load
ratio has been carried out. Metallographic and fractographic examina-
tions have been done, and the experimental results have been critically
examined in the light of a variety of known multiaxial fatigue criteria.
A method for estimating the total fatigue life in fretting fatigue is
proposed.

11:25 AM
Orientation Dependence of the High Cycle Fatigue Properties
in an Al-Li 8090 Alloy: Tongguang Zhai'; Angus J. Wilkinson?;
John W. Martin?; 'University of Kentucky, Cheml. & Matls. Eng., 177
Anderson Hall, Lexington, KY 40506 USA; 2University of Oxford,
Matls., Parks Rd., Oxford OX1 3PH UK

High cycle fatigue properties of a hot-cross rolled Al-Li alloy plate
(45 mm thick) were studied in the rolling, transverse and short trans-
verse directions of the plate. The fatigue tests were conducted at a
stress amplitude between 40%-100%sy, R=0.1, room temperature in
air using a self-aligning four-point bend rig which was able to minimize
all the possible misalignment commonly associated with a four-point
bend test and allowed measurement of the fatigue property in the short
transverse direction of the Al-Li alloy plate. It was found that the high
cycle fatigue property in the short transverse direction was signifi-
cantly inferior to those in the rolling and transverse directions. The
crack in the short transverse samples were predominantly intergranu-
lar, whereas they were mainly crystallographic (along a 111 plane in
each grain) in the rolling and transverse samples. The number of
secondary cracks observed on the surface between the two loading bars
varied markedly with the stress amplitude as well as the loading direc-
tion.

11:45 AM

Temperature Evolution during Fatigue: Bing Yang'; Peter K. Liaw!;
Hsin Wang?; J. Y. Huang?; R. C. Kuo?; J. G. Huang#*; 'University of
Tennessee-Knoxville, Matls. Sci. & Eng., Knoxville, TN 37996-2200
USA; 20ak Ridge National Laboratory, Oak Ridge, TN 37831 USA;
SInstitute of Nuclear Energy Research (INER), PO Box 3-14, 1000
Wenhua Rd., Chiaan Village, Lungtan 325 Taiwan; *Taiwan Power Com-
pany, Nucl. Oper. Dept., Taipei 100 Taiwan
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An infrared (IR) thermography technique, as a nondestructive evalu-
ation technique, was applied to investigate the fatigue damage of Reac-
tor Pressure Vessel (RPV) Steels during 0.5 Hz, 20 Hz and 1,000 Hz
fatigue testing. Five stages of temperature evolutions were observed:
an initial increase of the average specimen temperature, a followed
temperature decrease, an equilibrium (steady-state) temperature re-
gion, an abrupt rise of the temperature, and a drop of temperature
following specimen failure. The relationship among the temperature,
stress-strain state, and fatigue behavior is discussed. Both thermody-
namics and heat transfer theories are applied to model the observed
temperature variation during fatigue. The predicted and measured tem-
perature evolutions during fatigue were found to be in good agreement.
Temperature evolution along the specimen gage length is predicted.
Furthermore, the back calculation from the observed temperature to
obtain inelastic deformation indicates the material damage during fa-
tigue. Life prediction using measured temperature was performed.

Energy Issues in the Aluminum Industry — A
Keynote Symposium

Sponsored by: Aluminum Association

Program Organizer: TMS, Warrendale, PA 15086 USA

Monday AM
February 18, 2002

Room: 602-603
Location: Washington State Conv. & Trade Center

Session Chair: John Allison, Ford Motor Company, Scientific Rsrch.
Lab., MD 3182, Dearborn, MI 48124-2053 USA

8:30 AM Keynote
The Perspective and Affects of Energy and Industry: Brett Wilcox';
1Golden Northwest Aluminum, Inc.

For years, the aluminum industry and the Pacific Northwest have
maintained a mutually beneficial relationship based on the region’s
supply of sufficient and affordable electricity until power shortages
and subsequent increased pricing almost completely curtailed primary
aluminum production.

9:00 AM Keynote
Dealing with the Energy Crises by Reducing Demand: Paul E.
Norman'; 'Power Business Line

In April of 2001, BPA was faced with the possibility of raising
wholesale rates to Northwest utilities and large industries by 250 to
300 percent. High market prices were the reason. BPA knew that it
had to limit its exposure to the market if it was going to get the rate
increase down to double digits. In less than two months, using an
aggressive load reduction strategy, BPA—with the tremendous coopera-
tion from the region and a major contribution from the aluminum
industry-reduced the rate increase to 46 percent.

9:30 AM Keynote
Energy Policy Position of the Aluminum Association: Robin
King'; 'The Aluminum Association

Energy represents about one third of the total production cost of
primary aluminum. Electricity is an essential ingredient in primary
aluminum production. These factors together make energy efficiency
and energy management prime objectives for the industry. The Alumi-
num Association supports efforts to create an effective national policy
that resolves the power-shortage crisis in the Northwest while sustain-
ing and protecting the regional aluminum industry—accounting for
almost 40 perfect of domestic primary production and 5 percent of
world supply.

10:00 AM Break

10:20 AM Keynote
Aluminium and Energy—An International Perspective: Richard
Evans'; 'Alan Aluminium Limited and Alcan Fabrication Group

A review of the effects of regional energy and trade issues on the
global aluminium industry and its markets and possible future interna-
tional trends and scenarios.

10:50 AM Keynote
New and Emerging Technologies: Jud W. Virden'; 'Energy and
Technology Division, Pacific Northwest National Laboratory

How quickly does science fiction become science fact? You may be
surprised, especially with the upcoming technologies to help increase
your energy efficiency and reduce your energy usage. Jud Virden will
speak on new and emerging technologies that will soon change where
you could get your energy, how you build your buildings and what will

power your equipment. Hear about fuel cells for distributed power
systems and automobiles, miniature technologies, smart appliances
and more—the stuff of science fiction coming to you soon!

11:20 AM Panel Discussion

Flyash: Generation, Treatment, Metal Recovery and
Disposal - |

Sponsored by: Extraction & Processing Division, Waste Treatment
& Minimization Committee

Program Organizers: Junji Shibata, Kansai University, Department
of Chemical Engineering, Osaka 564-8680 Japan; 1. Gaballah,
Laboratoire Environmental et Mineralurgie, Associated to CNRS,
ENSG-LEM, Vandoeuvre les Nancy 54501 France; David G.
Robertson, University of Missouri-Rolla, Department of Metallurgi-
cal Engineering, Rolla, MO 65409-1460 USA

Room: 604
Location: Washington State Conv. & Trade Center

Monday AM
February 18, 2002

Session Chairs: Junji Shibata, Kansai University, Dept. Cheml. Eng.,
Osaka 564-8680 Japan; Ji-Whan Ahn, Korea Institute of Geoscience
and Mineral Resources, Teajon, Korea

8:30 AM Invited
R&D for Recycle and Decontamination of Fly Ashes from Mu-
nicipal Waste Incineration: Nobuyuki Masuda'; Nobuyuki
Okamoto'; Eiichi Arai'; Kazuyuki Kikuta!; 'Metal Mining Agency of
Japan, 1-24-14, Toranomon, Minato-ku, Tokyo, 105-0001 Japan
In Japan, the municipal solid waste, which amounts to 50 million
tons, is generated every year and most of it is incinerated. The bottom
and fly ashes are disposed to the registered disposal areas under the
provisions of The Waste Disposal and Public Cleaning Law. Especially,
as the fly ash from the municipal waste incineration (the primary fly
ash) contains heavy metals (lead, zinc, etc) and dioxins, it cannot be
disposed directly without decontamination, such as melting, cementa-
tion, chelating and dissolving processes provided in the law. However,
these procedures for decontamination, except melting, are not enough
for the elimination of dioxins. Even in case of melting, the fly ash
from the process (the secondary fly ash) contains high concentration
of heavy metals (e.g., Zn; 1-20%, Pb; 1-10%). Because of these rea-
sons, Metal Mining Agency of Japan (MMAJ) that is a semi-govern-
mental organization started a four-year project to develop the treat-
ment technologies of these fly ashes in 1999. The purpose of the
project is to establish the integrated technologies to recover the valu-
able metals from, and to decontaminate, the primary and secondary
fly-ashes in the practical scale by utilizing the existing metallurgical
processes and facilities, along with the energy saving and the reduction
of the environmental impact.

9:00 AM Invited
Fly Ash: A Resource Material for Zeolite Production: R. N.
Singh'; S. S. Rayalu!; S. U. Meshram!; Pawan Kuwar!; M. Z. Hasan!;
'National Environment Engineering Research Institute, Nehru Marg,
Nagpur 440 020 India

India is bestowed with substantial coal reserves, with generally high
ash contents (40-50%). Utilization of this coal, as a source of energy,
especially in thermal power plants generates extremely high quality of
fly ash. Realizing adverse effects of fly ash, stringent regulations for
its disposal have been formulated. According to ASTM (D-5239-92)
classification, Indian fly ashes generally fall in the class F type; wherein
the sum of silica and alumina and iron oxide corresponds to a minimum
of 75%. These fly ashes have been employed for a promising applica-
tion in vogue viz. production of fly ash based zeolites (FAZs). Studies
conducted on zeolite synthesis from fly ash of class F-type indicated
that this particular fly ash is the most amenable material for synthesis
of FAZs. Due to lack of sufficient information on this virtuous value
added product from fly ash, the fly ash producers and users did not
exploit this technology; which definitely has edge over other fly ash
utilization technologies in vogue due to attractive profit margins. Fly
ash based zeolite (FAZs) was synthesized and investigated for surface
area, crystallinity, sorption capacity, calcium binding capacity, par-
ticle size, etc. Calcium binding capacities of FAZ-A and FAZ-Y are
about 540meq/100 g and 420meq/100 g respectively. The crystallinity
of FAZ-A and FAZ-Y is found to be 99% and 97% respectively in
comparison with commercial standards. Surface areas of FAZ-A, FAZ-
Y are 580 m2/g, and 480 m2/g, respectively. The presentation high-
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lights innovative usage of fly ash, and hydrothermal chemistry of
novel FAZ synthesis.

9:30 AM
Treatment and Recycling of Incinerated Ash using Thermal
Plasma Technology: T. W. Cheng?; Jinn P. Chu'; C. C. Tzeng3; Y. S.
Chen'; 'National Taiwan Ocean University, Inst. of Matls. Eng., No.
2, Pei-Ning Rd., Keelung 20224 Taiwan; 2National Taipei University
of Technology, Dept. of Matls. & Minl. Resources Eng., No. 1, Sec. 3,
Jung-Hsiao E. Rd., Taipei 106 Taiwan; 3Institute of Nuclear Energy
Research, Phys. Div., 1000, Wenhua Rd., Chia-An Village, Lung-Tan
235 Taiwan

Thermal plasma vitrification is a robust technology to treat and
recycle the ash residues. Under the high temperature plasma environ-
ment, incinerated ashes are vitrified into benign slag with large volume
reduction and extreme detoxification. Several one-step heat treat-
ment processes are carried out in the present study at four tempera-
tures (i.e. 850°C, 950°C, 1050°C and 1150°C) to obtain various “mi-
crostructure materials.” The major phase to form these materials is a
solid solution of gehlenite (Ca2Al2SiO7) and dkermanite (Ca2MgSi207)
belonging to the melilite group. The physical and mechanical proper-
ties of the microstructure materials are improved by using one-step
post-heat treatment process after plasma vitrification. These micro-
structure materials with good quality have great potential to serve as a
viable alternative for construction applications.

9:50 AM Break

10:05 AM
Environmentally Friendly Usage Method of Zeolite Derived
from Coal Fly Ash: Junji Shibata'; Norihiro Murayama!; Hideki
Yamamoto'; 'Kansai University, Dept. of Cheml. Eng., Fac. of Eng.,
3-3-35, Yamatecho, Suitashi, Osaka, 564-8680 Japan

Zeolite synthesized from coal fly ash has many intelligent proper-
ties such as cation exchange ability, adsorption ability and so on. The
usage method of the zeolite, however, is not established in actual
commercial scale yet. In this study, from the viewpoints of an effec-
tive usage for coal fly ash and a source recycling, we propose the new
concept for environmentally friendly usage of zeolite, in which coal
fly ash safely returns to the soil with growing plants and purifying
wastewater. This method can make great contribution to recycle of
coal fly ash, to purification of high nutritious water and to tree plant-
ing.

10:25 AM

Industrial Fly Ash as a Soil Amendment Agent for Raising
Forestry Plantations: Dinesh Goyal'; K. Kaur?; R. Garg?; V. Vijayan’;
S. K. Nanda*; A. Nioding#; Sunil Khanna!; V. Ramamurthy?; !School of
Biotechnology, Thapar Inst. of Eng. & Tech., Patiala, 147 004 India;
2Thapar Center for Industrial Research & Development India; *Insti-
tute of Physics India; “Ballarpur Industries, Ltd.

Industrial fly ash from (electro static precipitator) was mixed with
soil at different levels on v/v basis for raising of pulpwood tree species.
In field trials conducted on degraded soils increase in the plant growth
of Eucalyptus tereticornis, Acacia auriculiformis and Casuarina
equisetifolia by 10%, was observed during the initial six months after
plantation at 18-24% (v/v) fly ash concentration which was at par
with chemical fertilizer treatment. Level of As, Se and Mo in fly ash
was 6.2, 3.6 and 4.0 ppm respectively. The radioactivity analyses of
soil and fly ash showed that the activity levels of gamma emitting
radionuclides 40K, 226Ra, 228Ac were within the permissible limits
and mixing of fly ash with soil at tested concentration would have no
deleterious effects. Available Pb, Co, Cr, Ni and Cd in rhizospheric
soils were below detection limit. Fly ash at 10-20% level (v/v) was also
found to be a good potting mix material in forestry nurseries in terms
of improving biomass production by 20%, when tested in nursery
seedlings of Eucalyptus tereticornis. Nursery addition of fly ash in soil
decreased soil dehydrogenase activity and the soil bacterial population
was negatively affected. These results indicate that use of fly ash in
forestry sector involving nursery and plantations as a soil amendment
agent up to 10-20% v/v is a gainful utilization of fly ash.

10:45 AM
Hydrothermal Synthesis and its Reaction Mechanism of K Type
Zeolite from Coal Fly Ash using KOH Solution: Norihiro
Murayama'; Hideki Yamamoto!; Junji Shibata!; 'Kansai University,
Dept. of Cheml. Eng., Fac. of Eng., 3-3-35, Yamatecho, Suitashi,
Osaka, 564-8680 Japan

Hydrothermal synthesis for K type zeolite is carried out from coal
fly ash by using KOH as an alkali source. Through the overall reaction
of zeolitization, the changes in various properties of obtained zeolite,
such as the kind of zeolite crystal, cation exchange capacity, surface
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structure of zeolite, particle size distribution, concentration of various
ion species in alkali solution and so on, are investigated in this study.
From these results, the reaction mechanism of K type zeolite from
coal fly ash can be clarified.

11:15 AM
Making Use of Fly Ash to Protect Environment-An Experience
at Hindalco Industries, Ltd.: A. K. Karmakarsr'; 'Hindalco Indus-
tries, Ltd., Renukoot, UP 231217 India

Hindalco Industries, Ltd., Renukoot is situated at the bank of Rihand
Dam. This leads to stringent control of Fly ash disposal in the open
area- by the side of the Dam. The co-generation plant at Renukoot is
responsible to feed steam required to produce 4,50,00 MTPY alumina
from “Low alumina-Bauxite” ore. This leads to the problems of dis-
posal of ‘Red-Mud’ generated out of the alumin are finery and the Fly
ash disposal from the Co-generation Plant. Primarily these disposable
items are being used in the land filing of the Hill-area surrounding
Renukoot. Looking into the disposal problems, Hindalco decided to
change over the ‘Wet Ash Disposal System’ to Dry ash Disposal
System and to utilize ‘Dry Ash’ -To protect environment from wash-
ing off the red-mud and fly ash, during rainy season, -To abide by the
Regulation of fly ash disposal of Govt. of India. The fly ash from
Electrostatic Precipitators is collected in silo under vacuum condi-
tions. The fly ash, thus, collected is mainly used in Cement Plants
located in near vicinity and also to develop land for vegetation. This
article presents the chronological changes brought by the Co-genera-
tion Plant to use Fly ash and to protect environment by growing
vegetation in the ash disposal area. This has yielded good results in
protecting environment. This paper shares the experience of utiliza-
tion of fly ash at Hindalco Co-generation Plant.

11:35 AM
Simultaneous Removal Technology of N and P Components in
Aqueous Solution by Ca Type Zeolite Synthesized from Coal
Fly Ash: Hideki Yamamoto'; Norhiro Murayama!; Junji Shibata!;
'Kansai University, Dept. of Cheml. Eng., Fac. of Eng., 3-3-35,
Yamatecho, Suitashi, Osaka, 564-8680 Japan

The simultaneous removal for NH4+ and PO43- in aqueous solution
is carried out by using Ca type zeolite synthesized from coal fly ash.
The effect of pH on cation exchange capacity and adsorption proper-
ties of obtained zeolite, the simultaneous removal ability for NH4+
and PO43- in various solutions and the mechanism of simultaneous
removal were investigated, respectively. The Ca type zeolite used in
this study can simultaneously remove NH4+ and PO43 in aqueous
solution without releasing co-ion, which gives great advantages over
the other ordinary removal methods.

Fundamentals of Advanced Materials for Energy
Conversion: Superconductors

Sponsored by: Extraction & Processing Division, Process Funda-
mentals Committee

Program Organizers: Renato G. Bautista, University of Nevada-
Reno, Department of Chemical and Metal Engineering, Reno, NV
89557-0136 USA; Dhanesh Chandra, University of Nevada-Reno,
Metallurgical & Materials Engineering, Reno, NV 89557 USA

Monday AM
February 18, 2002

Room: 613
Location: Washington State Conv. & Trade Center

Session Chairs: Amit Goyal, Oak Ridge National Laboratory, PO
Box 2008, MS 6116, Oak Ridge, TN 37831-6116 USA; Renato G.
Bautista, University of Nevada-Reno, Metlgcl. & Matls. Eng.,
Mackay Sch. of Mines, MS 388, Reno, NV 89557 USA

8:30 AM Plenary
An Overview of Advanced Materials for Energy Conversion:
Dhanesh Chandra'; Renato G. Bautista!; 'University of Nevada-Reno,
Metlgel. & Matls. Eng., Mackay Sch. of Mines, MS 388, Reno, NV
89557 USA

An overview of advanced materials for energy conversion and stor-
age will be presented. In this symposium, emphasis will be given to
superconducting, magnetic, fuel cells/membrane, hydrogen and tritium
storage, battery, and thermal energy storage materials. The advances
in second-generation superconductors for large-scale applications,
magnetic materials for heating and cooling used in home air condition-
ers and refrigerator/freezers, thermoelectric power developments for
electronic applications, and battery materials will be presented. Ad-




vances in core materials for transformers and motors using amorphous
(glassy) ferromagnetic glasses rather than crystalline Fe-Si alloys, which
show very low coercivity and hysteresis losses have recently received
considerable attention. Several advances have been made in the devel-
opment of fuel cells, membrane materials, interconnects for high tem-
perature planar SOFC’s. Hydrogen and tritium storage in intermetallic
and other complex hydrides look very promising; recent advances will
be discussed. In addition, lightweight alanate hydrides have shown sig-
nificant improvements. The fundamental understanding of emerging
Clathrate hydrates materials for solid-state methane storage, and or-
ganic thermal energy storage materials will also be discussed.

8:50 AM Plenary
Second Generation High Temperature Superconducting (HTS)
Wires for Large-Scale HTS Devices: Amit Goyal'; 'Oak Ridge
National Laboratory, PO Box 2008, MS 6116, Oak Ridge, TN 37831-
6116 USA

A review of advances made towards the development of second
generation superconducting wires which are necessary for most large-
scale, bulk applications of high temperature superconducting (HTS)
materials will be given. Particular emphasis will be given on wires made
using the rolling-assisted-biaxially-textured-substrates (RABITS), a
technique to fabricate long lengths of flexible, single-crystal-like, HTS
wires. The technique involves creating a single-crystal-like, biaxially
textured metal substrate which can be done using simple rolling and
annealing procedures. This is followed by epitaxial deposition of oxide
buffer layers and superconductors. Superconducting properties of wires
made using the second generation wire technology approach those of
single-crystal superconductors. Such wires appear to be very promising
for many large-scale applications involving superconducting devices.

9:20 AM Invited
Superconducting Electric Power Applications: HTS Conductor
Requirements: Richard Blaugher'; 'National Renewable Energy
Laboratory, Golden, CO 80401 USA

Recent worldwide successes in demonstrating high-temperature su-
perconductors (HTS) in electric power apparatus have buoyed the
prospects for this technology. These achievements were only possible
due to the rapid worldwide progress in developing HTS wire and tape.
This talk will discuss the overall progress in developing superconduct-
ing electric power components. The early LTS work on energy storage
(SMES) and electric power generators will first be reviewed followed by
a discussion on current programs using HTS conductor. The major
problems facing this technology will also be discussed, as well as the
prospects for commercialization and integration into the utility sec-
tor. The eventual widespread utility acceptance for superconducting
power equipment is dependent on demonstrated improvements in sys-
tem performance and efficiency. The reliability and maintenance must
also be comparable to conventional power equipment and offer re-
duced life-cycle costs and a “competitive” installed cost. The latter is
impacted by the current high cost of HTS conductors that must be
lowered to costs comparable to conventional copper wire. This cost
factor, coupled with the requirement for improved HTS transport
performance in magnetic fields greater than one tesla at 77K, are the
critical factors that will limit or seriously compromise the consider-
ation of HTS power components for the power sector. (Supported by
the Department of Energy Superconductivity Program for Electric
Power Systems.)

9:45 AM Invited
Flywheel Electricity Storage System using High Temperature
Superconductors: Michael Strasik'; 'Boeing, PO Box 3707, Seattle,
WA 98124-2207 USA

Boeing Phantom Works, Seattle, Washington, and six partners are
developing a 10-kWh flywheel energy storage system using supercon-
ducting bearings. The system will help utility companies and other
large power users eliminate power surges that often disrupt reliable
transmission of power. Flywheels based on frictionless superconduct-
ing bearings improve power quality and reliability. Boeing has also had
a leading role in the push to use flywheels in satellites and to replace
batteries in the International Space Station. The reason is because
flywheels wont wear out like batteries. Batteries fail after a limited
number of charge/discharge cycles. By simply replacing batteries with
flywheels, you can extend the life of some satellite systems. A proof-
of-concept system has been designed, built and tested.

10:10 AM Break

10:25 AM Invited

Operation of the Southwire 30-m High Temperature Super-
conducting Cable Installation: David T. Lindsay'; R. L. Hughey!;
Mark Roden'; Uday Sinha!; Mike Gouge?; John Stovall?; !Southwire

Company, Wire & Cable Tech., One Southwire Dr., Carrollton, GA
30119 USA; 20ak Ridge National Laboratory, Oak Ridge, TN 37831
USA

Southwire Company of Carrollton, Georgia in cooperation with Oak
Ridge National Laboratory has designed, built, installed and is operat-
ing the world’s first field installation of a High Temperature Supercon-
ducting (HTS) cable system. The cables supply power to three Southwire
manufacturing facilities at the company’s main campus in Carrollton,
GA. The system consists of three 30-m single phase cables rated at
12.4 kV, 1250 Amps, liquid nitrogen cooling system, and the com-
puter-based control system. The cables are built using BSCCO-2223
powder-in-tube HTS tapes and a proprietary cryogenic dielectric ma-
terial called CryoflexO. The cables are fully shielded with a second
layer of HTS tapes to eliminate any external electric fields. The
Southwire HTS cables were first energized on January 6, 2000. To date,
they have logged over 8,200 hours of operation while supplying 100%
of the required customer load. The cables have worked without failure
and operations are continuing.

10:50 AM Invited
High Temperature Superconductor-Based HTS Electric Power
Devices: Venkat Selvamanickam'; '1GC-SuperPower, 450 Duane Ave.,
Schenectady, NY 12304 USA

IGC-SuperPower is developing High-Temperature Superconductor
(HTS)-based products for the electric power industry, specifically cables,
transformers, and fault-current controllers. These HTS devices are
expected to result in higher efficiency, lower losses, increased capac-
ity, and generate environmental benefits. The HTS conductor that will
be used in all these devices is a high-performance coated conductor
fabricated by thin film processes. GC-SuperPower has established pi-
lot-scale facilities for scale up of Coated Conductor processes to manu-
facturing. These facilities have been designed for continuous process-
ing of substrates, buffer layers, and superconducting layers over time
periods of a week. These facilities are being used to scale up coated
conductor technology to manufacturing. The overall activities on
scale up of Coated Conductor processes at IGC-SuperPower and the
progress with HTS devices for electric power will be summarized in this
presentation. Part of the work was performed under a CRADA with
Los Alamos and Argonne National Labs.

11:15 AM Invited
Integrated Momentum and Energy Storage for Mini-Satellites:
Ki Bui Ma'; Yong Zhang'; Yevgeniy Postrekhin'; Wei-Kan Chu!; 'Uni-
versity of Houston, TX Ctr. for Superconductivity, 3201 Cullen Blvd.,
Houston, TX 77204-5002 USA

Momentum wheels with superconducting bearings can integrate both
attitude control and energy storage functions, with attendant savings
in the total volume and weight of hardware, and power consumption,
all of which are in short supply on mini-satellites. We have built and
tested a prototype with a wheel of mass 1.9 kg, diameter 3.25 in, and
height 3 in, which can store 3.5 J-sec of angular momentum and 5 kJ of
energy when it rotates at an angular speed of 15000 RPM. The energy
density of 2.5 kJ/kg achieved is comparable with the lower range for
lead-acid batteries. To show that the wheel is energy efficient, we have
performed spin down tests and measured the input power required to
sustain rotational speed. Results indicate that power consumption,
even accounting for the needs of cooling system, is significantly smaller
than that for state of the art commercial reaction wheels.

11:40 AM Invited
Crystal Lattice Defects, Nanoscale Structure, and the Proper-
ties of Advanced Superconductors: David O. Welch'; 'Brookhaven
National Laboratory, Matls. & Cheml. Scis. Div., Bldg. 480, PO Box
5000, Upton, NY 11973-5000 USA

Optimization of the properties, especially the current carrying ca-
pacity, of advanced superconductors requires a very high level of con-
trol of crystal lattice defects and their organization into nanoscale
structure in order to minimize the effects of weak links and maximize
the pinning of magnetic flux. This degree of control gives rise to the
need for a deep understanding of the effects of defects on charge
distributions, elastic strain fields, as well as local atomic and electronic
structure. A combination of modern methods of electron microscopy,
microscale transport property measurements, and theoretical analysis
facilitates the achievement of such understanding. I will use results
from such an approach to contrast the character and effects of defects
in high-Tc cuprates and the latest addition to the family of advanced
superconductors, the intermetallic compound MgB2. This research
was supported by the US Department of Energy, Division of Materials
Sciences, Office of Basic Energy Sciences under Contract No. DE-
AC02-98CH10886.
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Fundamentals of Structural Intermetallics:

Environmental Effects and Fe Aluminides

Sponsored by: ASM International: Materials Science Critical
Technology Sector, Structural Materials Division, Jt. Mechanical
Behavior of Materials

Program Organizers: Young-Won Kim, UES, Inc., Materials &
Processing Division, Dayton, OH 45432 USA; Kwai S. Chan,
Southwest Research Institute, Department of Materials Science, San
Antonio, TX 78284 USA; Vijay K. Vasudevan, University of
Cincinnati, Department of Materials Science and Engineering,
Cincinnati, OH 45221-0012 USA

Monday AM
February 18, 2002

Room: 615-616
Location: Washington State Conv. & Trade Center

Session Chairs: Ronald Gibala, University of Michigan, Dept. of
Matls. Sci. & Eng., 2026 H.H. Dow Bldg., Ann Arbor, MI 48109-
2136 USA; Seetharaman C. Deevi, Chrysalis Technologies Inc.,
Rsrch. Ctr., 7901 Whitepine Rd., Richmond, VA 23237 USA

8:30 AM Opening Remarks

8:40 AM
Moisture-Induce Hydrogen Embrittlement of Ordered Inter-
metallics: Chain T. Liu'; Easo P. George!; Lee M. Pike?; !Oak Ridge
National Laboratory, Metals & Cer. Div., #1 Bethel Valley Rd., Oak
Ridge, TN 37831 USA; 2Haynes International, Eng. & Tech., Kokoma,
IN 46904-9013 USA

This paper summarizes recent advances in understanding moisture-
induced environmental embrittlement in intermetallics. The
embrittlement occurring at ambient temperatures is quite different in
fce- and bec-ordered intermetallics. It causes brittle intergranular frac-
ture without affecting the yield strength of intermetallics with the L12
structure. On the other hand, bcc-ordered alloys exhibit cleavage frac-
ture and reduced yield strength when tested in moist air. The change in
yield strength may not be detected in some cases because of excess
point defects induced in bce-ordered alloys. Hydrogen diffusion along
the grain boundary and bulk is responsible for the different
embrittlement behaviors observed in fcc- and bec-lattices. This re-
search was sponsored by US DOE Division of Materials Sciences and
Engineering under contract DE-AC05-000R22725 with UT-Battelle, LLC.

9:10 AM
Surface Chemistry of Adsorbates on Intermetallics: Masahiro
Inoue'; Katsuaki Suganuma'; !'Osaka University, The Inst. of Scientific
& Indl. Rsrch., 8-1 Mihogaoka, Ibaraki, Osaka 567-0047 Japan

The surface modification technology is expected as one of the useful
techniques for extending material’s lifetime because the environmen-
tal degradation of intermetallics and related materials is initiated by
surface reaction of adsorbates. In order to establish the techniques for
extending lifetime, the surface chemistry is necessary to understand in
detail. This paper discusses the adsorption behavior of environmental
species on intermetallic alloys. The adsorption usually occurs through
the steps; back donation from the intermetallics, followed by relax-
ation and decomposition of adsorbates. The adsorption mechanism of
these species on aluminides is studied using the molecular mechanics
and first principle molecular orbital simulation.

9:30 AM
Water Dissociation on Single Crystal Ni3(Al,Ti) and (Ni,Fe)Ti
Surfaces: Monica de Mesquita Lacerda!; Jinliu Wang!; Yip-Wah Chung';
'Northwestern University, Dept. of Matls. Sci. & Eng., 2225 N. Cam-
pus Dr., Evanston, IL 60208-3108 USA

While the mechanism of moisture-induced embrittlement in poly-
crystalline Ni3Al is well understood, the role of boron to suppress this
embrittlement is less clear. In this work, temperature-programmed
desorption and x-ray photoelectron spectroscopy were carried out
after D20 dosing on clean Ni3(Al,Ti) (110) surface at < 130K, with
and without surface boron. Water dissociates on clean surfaces at ~190
K, resulting in D2 evolution at ~400K. This D2 evolution is com-
pletely suppressed by ~0.30 monolayer boron. We found that atomic
hydrogen is strongly bound to surface boron. Surface diffusion mea-
surements showed that the surface diffusivity of atomic hydrogen is
reduced by 10 times by 0.05 monolayer boron. This should lead to
lower concentration of atomic hydrogen at the crack tip, thus ex-
plaining the improvement of ductility. We have extended the same
surface science approach to understand the embrittlement of NiTi
alloys due to Fe addition beyond 9 a/o.

9:50 AM
High Temperature Corrosion of Fe3Al in Chlorine-Contain-
ing Environments: Gilsoo Han'; W. D. Cho!; 'University of Utah,
Dept. of Metlgcl. Eng., 135 S. 1460 E., Rm. 412, Salt Lake City, UT
84112 USA

The high-temperature corrosion of iron aluminide (Fe3Al) in envi-
ronments containing chlorine and oxygen has been studied using
thermogravimetric method. The corrosion experiments were carried
out in various oxygen to chlorine volume ratios at the temperature
range of 750-900°C. The corrosion behavior in the mixed gas was
observed to be significantly different from that in pure oxygen in
terms of kinetics and corrosion products. The cross-section of the
specimens and the corrosion products were examined using X-ray dif-
fraction, scanning electron microscopy, and energy-dispersive X-ray
spectroscopy. Based on the analysis of kinetic data and corrosion
products, the corrosion mechanism has been discussed.

10:10 AM Invited
Yield Strength Anomaly in FeAl Single Crystals: E. P. George';
D. M. Wu2; L. Baker?, 'Oak Ridge National Laboratory, Metals & Cer.
Div., 1 Bethel Valley Rd., PO Box 2008, Oak Ridge, TN 37831-6093
USA; 2Dartmouth College, Thayer Sch. of Eng., 8000 Cummings Hall,
Hanover, NH 03755-8000 USA

FeAl alloys exhibit the so-called yield strength anomaly. We report
here the effects of orientation in B-free and B-doped FeAl single
crystals. The single crystals were grown by the Bridgeman technique
and oriented for single slip to facilitate determination of the critical
resolved shear stress (CRSS). Yield strength was measured in tension as
a function of temperature from 77-1173K. Optical and scanning elec-
tron microscopy were used to confirm that only a single slip system
was active during plastic flow. The CRSS was plotted as a function of
temperature for different single-slip orientations to determine if there
is, in fact, an orientation dependence of the yield strength or if all
orientations fall on one curve. The implications of these results for
our vacancy-hardening theory [E. P. George and I. Baker, Phil. Mag.
A, 77, 737-750 (1998)] are discussed. Research sponsored at ORNL by
the Division of Materials Science and Engineering, US Department of
Energy under contract DE-AC05-000R22725 with UT-Battelle, LLC,
and at Dartmouth College by NSF grant DMR-9973977, by DOE con-
tract DE-FG02-87ER45311, and by the Oak Ridge Associated Univer-
sities SHaRE program contract DE-AC05-760R00033.

10:40 AM
Strain Rate Effect on the Anomalous Temperature Dependence
of Flow Stress in a Fe-24at.%Al Intermetallic Alloy: Tae Kwon
Ha'; Jin-Hwa Song?; Young Won Chang!; 'Pohang University of Sci-
ence and Technology, Ctr. for Adv. Aeros. Matls., San 31, Hyoja-dong,
Nam-gu, Pohang, Kyungbuk 790-784 S. Korea; 2Research Institute of
Industrial Science and Technology, Reliability Assessment Ctr., Hyoja-
dong, Nam-gu, Pohang, Kyungbuk 790-600 S. Korea

In this study, the effect of the strain rate on the anomalous tempera-
ture dependence of flow stress was mainly investigated in a Fe-base
intermetallic alloy with the composition of Fe-24 at.% Al. Phase
composition and degree of order in Fe-24 at.% Al alloy were varied by
aging at temperatures corresponding to the various phase fields of DO,,
o+D03, a+B2, and B2. The room temperature deformation behavior
of the Fe,Al alloys with the various phase compositions and degree-of-
orders has also been examined. Load relaxation tests and tensile tests
were conducted at temperatures ranging from room temperature to
800°C and the results were analyzed based on the internal variable
theory of inelastic deformation. Room temperature strength of the
Fe,Al alloy appeared to increase with decreasing degree of order and
the hardening effect caused by the precipitation of disordered o phase
was found to depend on the shape of the precipitate. While the a
phases in the a+DO0, region precipitated in the form of a network were
found to have a strengthening effect, those in the a+B2 region pre-
cipitated in the form of a coarse island had no effect of strengthening.
The room temperature strength of the Fe;Al alloy increased with
decrease in the degree of order. The peak strength was observed at
higher temperatures with the strain rate increased. The maximum
strength was obtained at 530°C, which is right below the D0,-B2 tran-
sition temperature Tc of 550°C, under the strain rate of 5X10-2 s-!. By
employing the internal variable theory of inelastic deformation, flow
stress of the Fe,Al alloy could be described as the sum of contributions
from internal stress and frictional stress. The anomalous temperature
dependence of strength in the Fe,Al alloy was mainly attributed to the
internal stress.

11:00 AM
Mechanical Behavior of L2 ,-Structured Compounds Fe,AIMn
and Fe,AlTi: . Baker'; M. Wittmann'; S. L. Johns'; V. N. Durand'; P.
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R. Munroe?;, 'Dartmouth College, Thayer Sch. of Eng., 8000 Cummings
Hall, Hanover, NH 03755-8000 USA; 2University of New South Wales,
Matls. Sci. & Eng., Sydney, New South Wales NSW 2052 Australia

Single crystals of Fe,AIMn were grown and confirmed, by X-ray
diffraction, to have the L2,-structure. Mechanical tests showed that
the compound exhibits a yield strength anomaly and tensile ductility
at room temperature, which depend on strain rate. Transmission elec-
tron microscope analyses of strained specimens showed that deforma-
tion occurs by glide of <111> dislocations at all temperatures. Com-
plex anti-phase domain structures, some with a/4<111> and other with
a/2<100> fault vectors, were also observed, consistent with the com-
pound ordering from a b.c.c. and then a B2 structure. Tests have also
been performed on polycrystals of the related compound Fe,AlTi as a
function of temperature. The results will be compared to FeAl and
both Co- and Ni-based Heusler alloys, and the origin of the yield
anomaly will be discussed. This work was funded by NSF grant DMR-
9812211.

11:20 AM
Effect of Alloying Additions on the Strength and Creep Resis-
tance of FeAl Alloys: R. S. Sundar'; D. H. Sastry?; S. C. Deevil;
IChrysalis Technologies, Inc., 7801 Whitepine Rd., Richmond, VA
23237 USA; 2ndian Institute of Science, Dept. of Metall., Bangalore
India

Iron aluminides based on FeAl are well known for their excellent
oxidation and sulfidation resistances. They are being developed to
replace conventional steels and stainless steels for intermediate tem-
perature applications. Due to their open B2 structure, binary FeAl
exhibits significant creep deformation at temperatures greater than
700C. Alloying elements are necessary to improve the high tempera-
ture deformation resistance of FeAl. The present study aims to bring
out the effect of various substitution and interstitial alloying elements
on the strength and creep resistance of FeAl alloys. Carefully planned
experiments reveal that the importance of processing and heat treat-
ment conditions on the properties of FeAl alloys.

11:40 AM
Superplasticity of Coarse-Grained Iron Aluminides: Thermal
Cycling Effects: Jinn P. Chu'; W. Kai!; H. Y. Yasuda?;, Y. Umakoshi2;
K. Inoue3; !'National Taiwan Ocean University, Inst. of Matls. Eng.,
No. 2, Pei-Ning Rd., Keelung 20224 Taiwan; 2Osaka University, Dept.
of Matls. Sci. & Eng., 2-1, Yamada-oka, Suita, Osaka 565-0871 Japan;
3University of Washington, Dept. of Matls. Sci. & Eng., Seattle, WA
98195 USA

As a general rule, superplastic metals and ceramics normally have
fine-grained structures (typically <10 pum). Nevertheless, Fe-Al based
alloys have been shown superplasticity even with much coarser grain
structures, >500 pm. Fe-Al based alloys have been demonstrated to
exhibit all the deformation characteristics that conventional fine-
grained superplastic materials possess. The objective of the present
study is directed toward the microstructural examination of thermal
cycle effects on superplastic properties of Fe-27Al alloys. To visualize
the grain-structure evolution, the electron backscattered diffraction
technique has been employed because it is capable of identifying the
type of grain structures. The superplastic behavior will be presented
and discussed in light of the microstructure/crystal structure results.

General Abstracts: Joining, Testing and
Characterization

Sponsored by: TMS

Program Organizers: TMS, Warrendale, PA 15086 USA; George T.
Gray, Los Alamos National Laboratory, Dynamic Properties Team,
Los Alamos, NM 87545-0001 USA; Mark E. Schlesinger, University
of Missouri, Department of Metallurgical Engineering, Rolla, MO
65409-0001 USA; Dan J. Thoma, Los Alamos National Laboratory,
Materials Science and Technology, Los Alamos, NM 87545-0001
USA

Monday AM
February 18, 2002

Room: 310
Location: Washington State Conv. & Trade Center

Session Chair: John J. Stephens, Sandia National Laboratory,
Albuquerque, NM 87185-0889 USA

8:30 AM

A Study of Active Metal Braze Alloys Based on the Ag-Hf Bi-
nary System: John J. Stephens'; F. Michael Hosking'; Fred G. Yost?;
ISandia National Laboratories, 1833, PO Box 5800, MS0889, Albu-

querque, NM 87185-0889 USA; 2Trapezium Technology, 1901
Cleopatra Ct. N.E., Albuquerque, NM 87112 USA

This talk will present the results of an experimental project which
has examined the potential of two binary Ag-Hf alloys for use as
active metal braze alloys. The composition (wt.%) of these alloys are
97.5Ag-2.5Hf and 96.6Ag-3.4Hf. Due to the absence of a complete
binary phase diagram for Ag-Hf in the literature, the compositions
were chosen by analogy with other, related binary phase diagrams. Due
to the favorable thermodynamic tendency for Hf to react with a
number of ceramic substrates, both alloys show considerable promise
for metal/ceramic brazing based on initial wetting and ASTM F19
tensile button results. The microstructure and products of the reac-
tions observed at the braze/ceramic interface will be compared those
observed in other active metal braze/ceramic interfaces. This work
was supported by the US Dept. of Energy under Contract DE-ACO04-
94AL85000. Sandia is a multiprogram laboratory operated by Sandia
Corporation, a Lockheed Martin Company, for the US Department of
Energy.

8:55 AM
Fracture Surface and Failure Mode Analysis of Polycrystalline
Silicon: Ryan C. Brodie'; Marian S. Kennedy'; David F. Bahr'; 'Wash-
ington State University, Mechl. & Matls. Eng., 201 Sloan Hall, Pull-
man, WA 99164-2920 USA

Disk-shaped compact tension (DCT) specimens made from CVD
grown polycrystalline silicon were fabricated using water jet methods.
Compliance and fracture behavior were tested as a function of tem-
perature, from ambient up to 1100 K. The fracture surfaces of the
DCT specimens were then analyzed using SEM to identify any possible
variations in fracture mode associated with increasing temperature.
Such variations include a change from transgranular to intergranular
failure, and changes in crack initiation mechanisms. Using the load and
displacement data along with the SEM fractography, the brittle-to-
ductile transition (BDT) temperature for polycrystalline silicon can
be estimated. The effects of elevated temperature annealing, altering
the grain size from between 0.5 and 5 microns, are also discussed.
Comparisons between the DCT specimens and indentation induced
fracture on annealed specimens tested at room temperature will be
shown.

9:20 AM
Use of Advanced Scattering and Microtomography Techniques
to Study the Complex Anisotropic Microstructures of Ceramic
and Metallic Deposits: Jan llavsky'; Andrew J. Allen?; Gabrielle G.
Long?; Anand Kulkarni3; Francesco De Carlo?; Herbert Herman3; 'Uni-
versity of Maryland, UNICAT, Bldg. 438E, 9700 S. Cass Ave., ANL,
Argonne, IL 60439 USA; 2National Institute of Standards and Tech-
nology, Matls. Microstructure Characterization Grp., 100 Bureau Dr.,
MS 8523, Gaithersburg, MD 20899 USA; 3State University of New
York, Dept. Matls. Sci. & Eng., Old Engineering, Z=2275, Stony Brook,
NY 11794-2275 USA; “Argonne National Laboratory, Experimental
Facilities Div., Bldg. 431, B003, 9700 S. Cass Ave., ANL, Argonne, IL
60439 USA

Thermal-spray (TS) and electron-beam plasma-vapor deposited (EB-
PVD) coatings possess unique multicomponent void microstructures
which are responsible for their complex engineering properties, but
which also pose major challenges for their characterization. Multiple
void systems with different anisotropies, wide range of void shapes and
sizes, and general deposit fragility all present major obstacles to many
characterization methods. Often used intrusion porosimetry and imag-
ing of cross-sections, provide either only basic volumetric data or
information that is limited in reproducibility and reliability. In con-
trast, a combination of small-angle scattering of X-rays and neutrons
(SAXS and SANS) and X-ray microtomography (XMT) provides a
robust, nondestructive, statistically-valid, and comprehensive, micro-
structure characterization. SAXS and SANS can be used to characterize
quantitatively the void systems through an analysis of the apparent
Porod surface area distributions and yield the calibrated total specific
surface area of the voids. The techniques of anisotropic multiple SANS
and SAXS can yield more volumetric information about the void sys-
tems, via the introduction of model assumptions. XMT provides a
complementary 3D view of the undisturbed structure of these materi-
als. The improved resolution of this technique makes it a viable tool
for providing density map data which, when combined with SANS and
SAXS, can provide microstructure characterization of complex mate-
rials from the nanometer up to the millimeter-scale. Examples of
recent application of this combination of techniques to TS and EB-
PVD coatings will be presented, and it will be shown how the results can
be related to the coating properties.
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9:45 AM Break

10:20 AM
Framework for Designing Interlayers for Ceramic-to-Metal
Joints: Jin-Woo Park'; Patricio F. Mendez!; 'Massachusetts Institute
of Technology, Matls. Sci. & Eng., 77 Massachusetts Ave., Rm. 4-047,
Cambridge, MA 02139 USA

This work introduces a framework for evaluating the strength char-
acteristics of ceramic-to-metal joints with multiple interlayers. Strain
energy in the ceramic is used as a strength metric instead of maximum
tensile stress. Based on the FEM analysis and order of magnitude
scaling (OMS), simple analytical formulations between the strain en-
ergy and material properties are developed, which provide a guideline
in designing multiple interlayers. Our analysis reveals the important
role of multiple interlayers, which reduce the strain energy in the
ceramic, increasing the strength of the joint. Based on the proposed
design rule, Si3N4 to Inconel 718 joints have been brazed with single,
double and triple interlayers and the joint strength was evaluated using
a shear test. The experimental results support the design rules and
confirm that strain energy is a good strength metric.

10:45 AM
Characterization of Photovoltaic Cell Solder Joints: F. Michael
Hosking'; Michael A. Quintana?; !Sandia National Laboratories, PO
Box 5800, MS0889, Albuquerque, NM 87185-0889 USA; 2Sandia Na-
tional Laboratories, PO Box 5800, MS0752, Albuquerque, NM 87185-
0752 USA

Photovoltaic silicon cells are electrically connected by soldering
copper strips to a deposited metal grid network. System performance
depends on the reliability of the resulting solder joints. Typical solder-
ing materials and processing conditions are reviewed. Nondestructive
and metallographic test results are presented for a variety of soldered
modules, including field-tested units. The coring technique for obtain-
ing test samples is described. Factors that impact module durability and
efficiency are discussed. Of particular concern to photovoltaic solder
joints are extended exposure to hot, humid field conditions and tem-
perature extremes. The effects of moisture, elevated operating tem-
peratures, and thermal cycling on corrosion, intermetallic growth, and
mechanical fatigue failures are examined. The formation of shorts or
opens in the photovoltaic circuit can rapidly degrade module electrical
efficiency and field life expectancy. Sandia is a multiprogram labora-
tory operated by Sandia Corporation, a Lockheed Martin Company,
for the US Dept. of Energy under Contract DE-AC04-94AL85000.

11:10 AM
Non-Destructive Evaluation of Ceramic Candle Filters using
Artificial Neural Networks: Kuan-Chen Fu'; Yanqin Zhou!; Lijun
Li'; 'The University of Toledo, Civil Eng., 2801 W. Bancroft St.,
Toledo, OH 43606 USA

Ceramic candle filters play an important role in coal-base turbine
system for a modern power plant. However, after exposure to the high
pressure and high temperature in the gas turbine chamber, the physical
property of the ceramic deteriorates over time and the effectiveness
of the filters reduces. Their failure to perform may create catastrophic
consequences for the multi-million dollar equipment downstream. A
non-destructive evaluation procedure using an emerging technique
known as artificial neural networks is proposed to examine the filters.
In lieu of experimental data, the vibration signatures of filters dam-
aged to various degrees are created by means of analytical simulation.
Then, a feed-forward artificial neural network and a radial basis func-
tion neural network are built and trained to evaluate the signatures for
the purposes of determining the filters’ degree of deterioration. Excel-
lent results have been obtained. The technique may be applied to
evaluate structural components made of aluminum, alloy or other
materials.

11:35 AM
Temperature Discontinuity Assumption at Solid-Liquid Inter-
face in Rapid Cellular Solidification: Eisaku Tokuchi'; Kimioku
Asai'; 'Musashi Institute of Technology, Mechl. Eng., 1-28-1
Tamazutumi, Setagaya-ku, Tokyo 158 Japan

On the basis of experiments, a calculation method to predict all the
solidification conditions and dendrite arm spacings of rapidly solidify-
ing cells is proposed. The assumptions are no solute pile-up at cell tip
and temperature discontinuity at solid-liquid interface. The calcula-
tion results theoretically evidenced temperature none-uniformity in
the cross-sectional area of a cell and the adjoining liquid, and thus
validated the no-pile-up assumption by way of thermodynamic restric-
tions of rapid cellular thickening that is a dynamic behavior at solid-
liquid interface along with the temperature discontinuity. The calcula-
tion results are also in favor of limited selection of solidification

conditions in a given rapid cellular solidification regime. The method
was validated in principle for use in the rapid cellular solidification
range less than 7im of dendrite arm spacing.
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8:30 AM
Grain Refinement of Cast p-Type Bi2Te3 Alloy by Severe Plas-
tic Deformation: Jae-taek Im'; Karl Ted Hartwig'; Jeff Sharp?; !Texas
A&M University, Dept. of Mechl. Eng., College Station, TX 77843-
3123 USA; 2Marlow Industries, Inc., 10451 Vista Rd., Dallas, TX 75238-
1645 USA

The objective of this work is to refine the microstructure of cast p-
type Bi2Te3 alloy by severe plastic deformation using multipass equal
channel angular extrusion (ECAE). Successful extrusions are accom-
plished at a temperature of 500C and a rate of 4.23 mm/sec. The
microstructure is characterized by polarized optical microscopy. The
level of grain refinement is found to be dependent on total strain. The
results indicate that ECAE processing is a viable method for grain
refinement of cast Bi2Te3 alloy.

8:55 AM
Microstructure and Annealing Behavior of Cold Deformed
Copper: Mohammed Haouaoui'; Karl T. Hartwig!; !'Texas A&M
University, Mechl. Eng., 319 Engineering Physics Bldg., Spence St.,
College Station, TX 77843-3123 USA

CDA 101 copper was deformed at room temperature to a strain of
4.6. 25.4 by 25.4 mm square copper bars were deformed by equal
channel angular extrusion through four passes in a tool containing a
90° angle at a strain rate of approximately 2 per second. The nucle-
ation of new grains from heavily deformed material was found to occur
along sites with heavy distortions. Nucleation sites for recrystallized
grain start in shear bands with subsequent growth in the direction of
slip lines. The annealing behavior is found to be a function of the
multipass extrusion route. Processing that causes intersection of shear
planes creates more sites for nucleation and leads to a shift to lower
recrystallization temperatures. All annealing curves exhibit a slight
increase in hardness prior to the sharp drop that accompanies recrys-
tallization. Optical micr