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SESSION TITLE ROOM DAY PAGE
11th International Symposium on Experimental Methods For Microgravity Science | ............cccc....... 15B Mon-PM 37
11th International Symposium on Experimental Methods For Microgravity Science Il .............cc......... 15B Tue-AM 80
11th International Symposium on Experimental Methods For Microgravity Science lll ....................... 15B Tue-PM 121
11th International Symposium on Experimental Methods For Microgravity Science IV ...................... 15B Wed-AM 167
11th International Symposium on Experimental Methods For Microgravity Science V ...................... 15B Wed-PM 207
11th International Symposium on Experimental Methods For Microgravity Science VI ...................... 15B Thu-AM 240
Abatement of Greenhouse Gas Emissions in the Metallurgical & Materials Process Industry .......... 1B Wed-AM 169
AlUMING @Nd BAUXITE | .. 6E Mon-PM 38
AlUMING aNd BAUXITE 1] .......oouiiiiiieiee e e 6E Tue-AM 81
AlUMING aNd BAUXITE 111 ..o e e 6E Tue-PM 122
Aluming and BauXIte 1V .........oouiiiiiiiiei e e 6E Wed-AM 170
AlUMING aNd BAUXITE V .....oiiiiiiiie e e 6E Wed-PM 208
Aluminum Alloys for Packaging 1V: SESSION | .......cccuiiiiiiiiiiiie e 3 Wed-AM 171
Aluminum Alloys for Packaging [V: SESSION ] ..ot e 3 Wed-PM 209
Aluminum Reduction TEChNOIOGY | .......c.eiiiiiiiiiie e 6F Mon-AM 1
Aluminum Reduction TEChNOIOGY 11 ........oiiiiiiiie e e 6F Mon-PM 39
Aluminum Reduction TEChNOIOGY 1 ..........oiiiiiiiiiei e e 6F Tue-AM 82
Aluminum Reduction TEChNOIOGY IV .......ooiiiiiiiiii e 6F Tue-PM 124
Aluminum Reduction TEChNOIOGY V .....c.uiiiiiiiiiiie et 6F Wed-AM 172
Aluminum Reduction TEChNOIOGY VI .......coouiiiiiiiii e e 6F Wed-PM 210
Aluminum Reduction TEChNOIOGY VIl ........ccuiiiiiiiiiiii e 6F Thu-PM 240
Analytical Technology in the Mineral INdUSTHES | .......cc.ooiiiiiiiiiii e 7A Mon-PM 40
Analytical Technology in the Mineral INdUuStries 11 ..........cccoiiiiiiii e 7A Tue-AM 83
Analytical Technology in the Mineral Industries 11l .............cooiiiiiii e 7A Tue-PM 125
Analytical Technology in the Mineral INAUSEEs [V ...........coiiiiiiiiii e TA Wed-AM 173
AUtomMOtive AlIOYS 1111 SESSION | .....eiiiiiiiieiee et 3 Mon-AM 2
Automotive AlIOYS H1: SESSION 11 ..o 3 Mon-PM 41
Automotive AlIoYS 111: SESSION T ... et 3 Tue-AM 84
Automotive AlIOYS H11: SESSION IV ...t 3 Tue-PM 126
(OF= T4 oTo] d R [=Tet 3T g o] (oo 1YL H SRS 6D Mon-AM 3
Carbon TEChNOIOGY 11 ...ttt ettt e bt e saee e 6D Mon-PM 43
Carbon TECANOIOGY 11 ...ttt ettt nae e st ene e e beesaeeenee 6D Tue-AM 86
Carbon TEChNOIOGY 1V ...ttt ettt et sie b e e e 6D Tue-PM 128



SESSION TITLE

Cast Shop Technology |

Cast Shop Technology Il
Cast Shop Technology 11l
Cast Shop Technology IV
Cast Shop Technology V
Cast Shop Technology VI
Cast Shop Technology VII
Cast Shop Technology VIII
Cast Shop Technology IX
Cast Shop Technology X
Creep Behavior of Advanced Materials for the 21st Century |
Creep Behavior of Advanced Materials for the 21st Century I
Creep Behavior of Advanced Materials for the 21st Century Il

Creep Behavior of Advanced Materials for the 21st Century IV
Creep Behavior of Advanced Materials for the 21st Century V
Creep Behavior of Advanced Materials for the 21st Century VI
Electrical and Thermal Properties of Materials: Session |
Electrical and Thermal Properties of Materials: Session Il
Fluid-Flow Phenomena in Metals Processing |

Fluid-Flow Phenomena in Metals Processing Il
Fluid-Flow Phenomena in Metals Processing Il
Fluid-Flow Phenomena in Metals Processing IV
Fluid-Flow Phenomena in Metals Processing V
Fluid-Flow Phenomena in Metals Processing VI
Fluid-Flow Phenomena in Metals Processing VII
Fluid-Flow Phenomena in Metals Processing VIl
Fluid-Flow Phenomena in Metals Processing IX
Fundamentals of Lead and Zinc Extraction and Recycling |

Fundamentals of Lead and Zinc Extraction and Recycling Il

General Abstracts 1:
General Abstracts 2:
General Abstracts 3:
General Abstracts 4:
General Abstracts 5:
General Abstracts 6:
General Abstracts 7:

General Abstracts 8:

Mechanical Properties | ........ccccooeiiiiiiiiiieeeic e,

Ceramic & Refractory Materials & Ceramic/Metal Interfaces ............ccccceeeneee

Mechanical Properties Il ...........ccooviiiiiiniiieeee e

Fatigue Corrosion Fatigue and Wear...........cccccoeeiennnnen.

Physical Metallurgy: Termodynamics, Interfaces & Diffusion ........................

General Metallurgy ........coooeiiiiiiiiiie e

Issues in Materials Science: Thin Films & Temperature Sensing ...................

Melting, Solidification & Microstructure Characterization
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SESSION TITLE ROOM DAY PAGE

General Recycling of Materials | ..........c..ooiiiiiii et 1A Tue-PM 135
General Recycling of Materials Il ...... ..o s e 1A Wed-AM 185
General Recycling of Materials I ...........oooiiii ettt 1A Wed-PM 222
High Temperature Coatings [11: SESSION | ..o 19 Mon-AM 13
High Temperature Coatings H1: SESSION 1] ........oooiiiiii e 19 Mon-PM 52
High Temperature Coatings l11: SeSSION T .........oiiiiiii e 19 Tue-AM 97
High Temperature Coatings 111: SESSION IV ...... ..o e 19 Tue-PM 138
High Temperature Coatings [ll: SESSION V .........uiiiiiiiii et 19 Wed-AM 186
High-Temperature Superconductors: Synthesis, Fabrication and Application | .............cccccceiiiiie 18 Mon-AM 12
High-Temperature Superconductors: Synthesis, Fabrication and Application Il............ccccoceeiieenne 18 Mon-PM 50
High-Temperature Superconductors: Synthesis, Fabrication and Application Il ...........cc.cccceeiienne 18 Tue-AM 95
High-Temperature Superconductors: Synthesis, Fabrication and Application IV ............ccccoiieeie 18 Tue-PM 137
Hume Rothery Symposium to Honor M. Hillert; Alloy Effects on Migrating Interfaces | ..................... 14A Mon-PM 54
Hume Rothery Symposium to Honor M. Hillert; Alloy Effects on Migrating Interfaces Il ..................... 14A Tue-AM 99
Hume Rothery Symposium to Honor M. Hillert; Alloy Effects on Migrating Interfaces Il .................... 14A Tue-PM 140
InterconnectPack; Interconnections for Electronics Packaging | ..o 17A Mon-AM 15
InterconnectPack; Interconnections for Electronics Packaging Il ..........ccccoiiiiiiiiiiiniiii e 17A Mon-PM 54
InterconnectPack; Interconnections for Electronics Packaging Il ............cccoiiiiiiiiiiiniiii e 17A Tue-AM 99
InterconnectPack; Interconnections for Electronics Packaging IV .........ccccoiiiiiiiiiiiiiciee e 17A Tue-PM 141
InterconnectPack; Interconnections for Electronics Packaging V .........ccccooiiiiiiiiniie e 17A Wed-AM 188
InterconnectPack; Interconnections for Electronics Packaging VI .........ccccooiiiiiiiiiiiiii e 17A Wed-PM 223
International Symposium on Advances in TWINNING | .......cooiiiiiii e 17B Mon-AM 17
International Symposium on Advances in TWinning Il ..o 17B Mon-PM 56
International Symposium on Advances in Twinning Il ... 17B Tue-AM 101
International Symposium on Advances in TWIiNNING 1V ... 17B Tue-PM 143
International Symposium on Advances in TWINNING V ... 17B Wed-AM 190
International Symposium on Advances in TWINNING VI ... 17B Wed-PM 224
International Symposium on Gamma Titanium AlumMINIdes | .........coooiiiiiiiiiiiie e 8 Mon-AM 18
International Symposium on Gamma Titanium Aluminides Il ..........coooeiiiiiiiii e 8 Mon-PM 57
International Symposium on Gamma Titanium Aluminides Hl ... 8 Tue-AM 102
International Symposium on Gamma Titanium Aluminides IV ... s 8 Tue-PM 144
International Symposium on Gamma Titanium AlUMINIAES V ........coouiiiiiiiiiie e 8 Wed-AM 191
International Symposium on Gamma Titanium Aluminides VI ............ooiiiiiiiiiiiieeee e 8 Wed-PM 226
International Symposium on Gamma Titanium Aluminides VI ... 8 Thu-AM 247
International Symposium on Gamma Titanium Aluminides - Posters | ..........ccccooiiiiiii e Marriott Mon-PM 59
International Symposium on Gamma Titanium Aluminides - Posters Il ... Marriott Tue-PM 146
Leaching Theory Process Development & Industrial Practice |............cccoiiiiiiiiiiei e 1B Mon-AM 19

I



SESSION TITLE

Leaching Theory Process Development & Industrial Practice 1l ............ccoociiiiiiiiiiiiiiieeee e

Leaching Theory Process Development & Industrial Practice 1l ............ccooooiiiiiiiiinieeeeen

Leaching Theory Process Development & Industrial Practice 1V ..o

Light Weight Alloys for Aerospace Applicatlons V: SesSion |.........coccoviiiiiiiiiiieiiiieeeeee e

Light Weight Alloys for Aerospace Applicatlons V: Session 1l .........cccciiiiiiiiiiiiiiie e

Light Weight Alloys for Aerospace Applicatlons V: Session H ..........cccooiiiiiiiiiiieeeeee e

Light Weight Alloys for Aerospace Applications V: Session 1V ...

Long Term Stability of High Temperature Materials | ..............cccoiiiiiiiii e

Long Term Stability of High Temperature Materials 1l ...

Long Term Stability of High Temperature Materials Hl ............ccccoiiiiiiiiiii e

Manufacturing Issues in Rapid Thermal Processing | .........coooiiiiiiiiiiiiiie e

Manufacturing Issues in Rapid Thermal Processing Il .........coooiiiiiiiiiiiiiiiie e

Materials Processing FUNAamentals | ............oooiiiiiiiii et

Materials Processing Fundamentals [1 ..ot

Materials Processing Fundamentals [l .............ooiiiiiio e e

Materials Processing FunNdamentals [V ...t

Materials Processing FUNamentals V ...........ooiiiiiiiii e

Micromechanics and Micromechanisms of Deformation and Fracture: Prof. Ali S. Argon I ..............

Micromechanics and Micromechanisms of Deformation and Fracture: Prof. Ali S. Argon Il .............

Micromechanics and Micromechanisms of Deformation and Fracture: Prof. Ali S. Argon IlI ............

Micromechanics and Micromechanisms of Deformation and Fracture:

Micromechanics and Micromechanisms of Deformation and Fracture:

Micromechanics and Micromechanisms of Deformation and Fracture:

Prof. Ali S. Argon IV ...........
Prof. Ali S. Argon V ............

Prof. Ali S. Argon VI ...........

Micromechanics and Micromechanisms of Deformation and Fracture: Prof. Ali S. Argon VII ..........

Milton Blander International Symposium on “Thermodynamic Predictions and Applications” | ..........

Milton Blander International Symposium on “Thermodynamic Predictions and Applications” II ..........

Milton Blander International Symposium on “Thermodynamic Predictions and Applications” IlI .........

Milton Blander International Symposium on “Thermodynamic Predictions and Applications” IV ........

Miniature Structures & Components Under Cyclic Loading; Fatigue & Internal Friction I ...................

Miniature Structures & Components Under Cyclic Loading; Fatigue & Internal Friction Il ..................

Miniature Structures & Components Under Cyclic Loading; Fatigue & Internal Friction IlI .................

Miniature Structures & Components Under Cyclic Loading; Fatigue & Internal Friction IV ................

Nanostructured Hybrid Materials | ..o e e

Nanostructured Hybrid Materials 1l ..o e

Nanostructured Hybrid Materials 1] ..............oo et

Nondestructive Evaluation (NDE) and Material Properties IV: Session |

Nondestructive Evaluation (NDE) and Material Properties 1V: Session Il
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SESSION TITLE ROOM DAY PAGE

Nondestructive Evaluation (NDE) and Material Properties 1V: Session ll ...........ccccocoiiiiiiiiiinnieeene 16A Tue-AM 112
Outcomes Assessments for Abet Criteria 2000 ...........coooiiiiiiiiiiiic e 13 Mon-PM 71
Professional Development: Collaboration, Research, and Profesisonal SKills ............cccccoiviiiiinnne 14A Mon-AM 26
Reactive Metals: General SESSION | .........cccuiiiiiiiiiii e e 5B Tue-AM 113
Reactive Metals: General SEsSIiON Il ............ooiiiiiiiiii e 5B Tue-PM 161
Review of Extraction Processing, Properties & Applications of Reactive Metals | ............c.ccccceee. 5B Mon-AM 28
Review of Extraction Processing, Properties & Applications of Reactive Metals Il .......................... 5B Mon-PM 72
Sheet Metal FOrming TEChNOIOGY | ......c.ueiiiiiieiee ettt saee e 11B Mon-AM 28
Sheet Metal Forming TEChNOIOGY 11 ........eiiiiie et e e 11B Mon-PM 72
STUCUrAl SHICIAES | ...t 16B Mon-AM 30
StrUCUral SHICIAES 11 ...ttt 16B Mon-PM 73
Structural SICIAES 11 ......coeiiiei ettt 16B Tue-AM 114
Surface Engineering: Science and TeChNOlOGY | ........ooiiiiiiiiiiii e 7B Mon-AM 31
Surface Engineering: Science and Technology Il ... 7B Mon-PM 75
Surface Engineering: Science and Technology H1I .............cooiiiii e 7B Tue-AM 116
Surface Engineering: Science and Technology [V ... 7B Tue-PM 162
Surface Engineering: Science and TeChnology V ........ocuiiiiiiiiiiiie et 7B Wed-AM 201
Surface Engineering: Science and Technology VI ..........c.coo i 7B Wed-PM 236
Surface Engineering: Science and Technology VI ..o 7B Thu-AM 254
Synthesis of Lightweight Metals 11l: SESSION | .......cooiiiiiiii e 10 Mon-AM 33
Synthesis of Lightweight Metals 111: SeSSION ..o 10 Mon-PM 77
Synthesis of Lightweight Metals [1l: SESSION 1 ..........ooiiiiiii e 10 Tue-AM 118
Synthesis of Lightweight Metals [11: SESSION 1V ........ooiiiiii e 10 Tue-PM 163
Synthesis of Lightweight Metals 11l: SESSION V .....cccuiiiiiiiiie e 10 Wed-AM 203
Synthesis of Lightweight Metals [11: SESSION VI ........ooiiiiiiii e 10 Wed-PM 238
Synthesis of Lightweight Metals 1ll: SeSSIon VIl .........ooiiiiii e 10 Thu-AM 256
The Martin E. Glicksman Symposium on Solidification and Crystal Growth | ...........ccccooiiiiiiininnen. 1A Mon-AM 35
The Martin E. Glicksman Symposium on Solidification and Crystal Growth Il .............ccooiiiiiinnne. 11A Mon-PM 78
The Martin E. Glicksman Symposium on Solidification and Crystal Growth Il ................cccceeiiiinnne. 11A Tue-AM 119
The Martin E. Glicksman Symposium on Solidification and Crystal Growth IV ...........ccccccoiiiiiiine. 11A Tue-PM 165
The Martin E. Glicksman Symposium on Solidification and Crystal Growth V ...........cccoooiiiiiinies 1A Wed-AM 205
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ties of Materials 1| ties of Materials 11
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Special Event Time Room Location

Monday:

Tutorial Luncheon Lecture: “Damascus Steels” 12:00 Noon - 1:30 PM  16A San Diego Convention Center
Hume-Rothery Award Symposium 2:00 PM 14A San Diego Convention Center
Intl. Symp. on Gamma Titanium Aluminides Il - Posters 6:00 - 10:00 PM Ballroom A & B Marriott Hotel, North Tower
Tuesday:

EPD Luncheon 12:00 Noon Marina Ballroom  Marriott Hotel

Tutorial Luncheon Lecture: “Dynamic Behavior of Materials” 12:00 Noon - 1:30 PM  16A San Diego Convention Center
EPD Distinguished Lecturer 1:45 PM Marina Ballroom  Marriott Hotel

Intl. Symp. on Gamma Titanium Aluminides Il - Posters 6:00 - 10:00 PM Ballroom A & B Marriott Hotel, North Tower
Wednesday:

Institute of Metals Lecture and Robert F. Mehl Medalist 12:00 Noon 6E San Diego Convention Center
LMD Luncheon 12:00 Noon Marina Ballroom  Marriott Hotel
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MONDAY AM

ALUMINUM REDUCTION TECHNOLOGY:

Smelter Technology

Sponsored by: Light Metals Division, Aluminum Committee
Program Organizers: Georges J. Kipouros, Dal Tech, Dalhousie
University, NS B3J2X4 Canada; Mark P. Taylor, Comalco Alu-
minium, Ltd., Brisbane, Queensland 4001 Australia

Monday AM
March 1, 1999

Room: 6F
Location: Convention Center

Session Chair: Geoff P. Bearne, Comalco, Comalco Research and
Technical Support, Melbourne, Victoria 3074 Australia

8:00 AM - SPECIAL LMD PRESENTATION

A REVIEW OF PAST ALUMINUM INERT ANODE RESEARCH
LEADING TO A PLAN FOR FUTURE INVESTIGATION: Dr. H.
Wayne Hayden'; Dr. Greg Barthold?; Rodney Hanneman?; 'Oak Ridge
National Labs, Bldg. 4500S, Rm C47, Oak Ridge, TN 37831; 2ASME,
1828 L. Street NW, Suite 906, Washington, DC 20036; 33801 Old Gun
Road West, Midlothian, VA 23113

ASME has been asked by the Department of Energy's Office of
Industrial Technology to assess past work on the development of an
inert anode for aluminum electrolytic reduction, and to suggest a path
for future research. ASME's Center for Research and Technology De-
velopment is undertaking this task by forming a Technical Working
Group of recognized independent experts in the field of aluminum reduc-
tion for the purpose of evaluating literature and patents and reviewing
presentations by private investigators. Their work is in the beginning
stages of review and assessment of both public and private information.
A peer reviewed document is expected by early spring '99 for presenta-
tion to DOE. This presentation at TMS will describe progress to date.
The final report, when finished, will be made available to the public.

8:30 AM
AP21: A HIGH PERFORMANCE, HIGH PRODUCTIVITY AND
LOW CAPITAL COST NEW CELL TECHNOLOGY: P. Homsi'; J.
Bos'; P. Herd!; !'Aluminium Pechiney, LRF - BP114, Saint-Jean-de-
Maurienne, Cedex 73303 France

Based on the broad experience gained from the current generations
of AP cell technology, the well known AP18 cell has been re-engineered
to create a new advanced cell operating at about 210 kA and called
AP21. A range of numerical models, fitted to experimental results has
been used. The new design benefits from the latest improvements in
lining materials and design, anode and pin dimensions and sidewall ven-
tilation. Four test cells have been operating since September 1997 at the
Saint-Jean-de-Maurienne smelter. Results are well in line with calcula-
tion predictions. Technical performances are presented and discussed.
The main features of the new cell are a reduction of almost 15% in
capital cost per ton of installed capacity and improvements in operating
costs. The new cell technology is available for greenfield projects as well
as for retrofitting of current AP18 potlines.

9:10 AM
PRODUCTIVITY INCREASE AT SORAL SMELTER: T. Johansen';
H. P. Lange'; R. von Kaenel?; 'Sor-Norge Aluminium A/S, Elektrolysen,
P.O. Box 85, Husnes N-5460 Norway; 2Alusuisse Technology & Man-
agement Ltd., Technology Center Chippis, CH-3965, Chippis, Switzer-
land

The Ser-Norge Aluminium AIS(Sgral) smelter was started in 1985
with Alusuisse 100 kA pre-baked anodes technology. In 1989 it was
decided to retrofit the plant as the operation had not changed since
start-up. Goals for the modernization were initially rather modest. The
current intensity should be increased from 115kA, the current effi-
ciency from 90 to 92% and energy consumption should be decreased
from 15.3 to 14.7 kWh/kg Al. These goals should be reached by intro-
ducing a new concept for cathode shell and lining, a minimum magnetic
compensation, and new process control and point feeding. These changes
explored new potentials. Today Seral is operating both pot lines at
126.5 kA with a current efficiency higher than 93.5%. Ten test cells
have been operating for more than 17 months at 140 kA and in
cooperation with the Alusuisse Technology Centre Chippis, Seral is
exploring the possibilities to operate the cells at 150 kA. This paper
presents the developments and methodology in details, shows the results
and possible future developments.

9:35 AM
NORDULAR FAST-TRACK ALUMINIUM MODULAR SMELTER
NORDURAL IN ICELAND: J. Lombard'; 'VAW Aluminium-
Technologie GmbH, P.O. Box 101554, 41415 Neuss Germany
Significant savings in capital expenditures for greenfield smelter can
be achieved by reducing the time needed from ground breaking to the
first hot metal. The construction of the Nordural Smelter in Iceland is
an example of such a fast-track smelter project with an outstanding
construction period of only 14 months. The process technology for this
smelter project was delivered by VAW Aluminium-Technologie GmbH,
Germany. Nordural hf, a subsidiary of Columbia Ventures Corporation
(CVC), has been designed and approved for a name plate capacity of
180,000 t/a in three phases. Phase 1 of this state-of-the-art smelter
consists of 120 VAW CA180 pots, a side-by-side prebake reduction cell
operating at 180,000 amps. The pots are equipped with center hoppers
for alumina and aluminum fluoride with crust breakers and point feeders
incorporated in the hoppers. The cells are controlled by the VAW ELAS
control system. Additionally there is an anode rodding shop, casthouse,
fume treatment plant, alumina handling equipment, including harbour
off-loading equipment.

10:00 AM
BUSBARS OPTIMIZATION USING CELL STABILITY CRITERIA
AND ITS IMPACT ON CELL PERFORMANCE: J. P. Antille'; R. von
Kaenel!; 'Alusuisse Technology & Management, Ltd., Technology Cen-
ter Chippis, Chippis CH - 3965 Switzerland

It is desirable to operate an aluminum reduction cell at the highest
possible level of current: the higher the current, the more aluminum per
unit time. Various factors limit the maximum current, among them the
need to maintain an acceptable heat balance, which requires reducing
the anode-cathode distance as the current is increased. This tends to
make the cell less stable: it becomes noisy, leading to reduced current
efficiency and increased energy consumption. The busbar configuration
has a major effect on cell stability. A powerful mathematical model for
predicting cell stability has been developed, and is in use for optimizing
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existing busbar systems. Applications at industrial scale are presented
and the resulting performance improvements discussed.

10:25 AM BREAK

10:45 AM
MODERNIZATION OF S 172 - M2 PREBAKED POTS: V. V. Geinze!;
V. V. Bersteniov'; L. K. Krylov!; V. J. Orlov!; F. Zannini?; H. O. Bohner?;
J. Ifjuz; S. Deb?; 'OAO SaAZ, Sajanogorsk, Chakassia 662703; 2Techmo
Car S.P.A., Via R. Colpi, Limena 15-17 - 3501 Italy; 3Hart Ltd - 13A
New Road, 700027 Calcutta, India

AO Saianskij Aluminievyi Zavod (SaAZ) and Techmo Car/Techmo
Engineering SpA (Techmo) have decided to implement a modernization
project aimed at improving performance and ecology of the potline No
2 comprising S-172 M2 type cells arranged in two rows in each potroom.
Application of some elements of an up-to-date technology like mag-
netic compensation, point feeding, process control and technology based
on high acidic bath on 10 end-to-end 172 kA prebaked cells without
shutting them down provides an example on the ways of possible retro-
fitting approaches. This paper describes the work done in the course of
30-month preparation and pretest phase, as well as the results obtained
and approved during the 1-month control test period.

11:10 AM
DESIGN OF FEEDING BUSBAR SYSTEM: F. M. El-Dawi'; S. A.
Mohamed!; U. H. Seha!; A. I. Hassanien!; 'The Aluminium Co. of
Egypt, Research and Design, Nage-Hammadi Egypt

The annual production of the Aluminium Company of Egypt is
increased by adding a new pot line with prebaked anode 200 kA End to
End cells. Electrical, thermal and economic calculations are accom-
plished. Different design alternatives are calculated and compared. The
best design was the one which has lower cost and maintains certain
requirements as safety. A retrofitting process requires modification of
existing busbar system. This paper explains the calculation and design
of the two busbar systems by computers.

11:35 AM
STARVING OF SODERBERG CELLS FROM ANODE PASTE BE-
FORE REPLACEMENT TO PREBAKED ANODE CELLS: M. M.
Ali'; Z.M. Ramadan!; F. M. El-Dawi!; !The Aluminium Company of
Egypt (Egyptalum), Nage-Hammadi Egypt

In the last two decades Egyptalum has made an extensive program
towards converting its technology from Soderberg to Prebaked anode
cells. During the period of conversion, the feeding of anode paste to the
anode casing was stopped for a number of days according to a special
program for stud replacement. The performance of selected cells in
potline number 5 has been studied before the shutdown proceeding the
cell development. The maximum non-charging days reached to 37 days
without any adverse affect on cell performance. The energy consump-
tion has been reduced and the economic benefit of this study has been
calculated for one potline. Also the chemical and physical analyses of
the anode layers have been compared with the raw materials specifica-
tion using an in-production process for economic reuse.

AUTOMOTIVE ALLOYS lil: Session | - Over-
view
Sponsored by: Light Metals Division, Aluminum Committee

Program Organizer: Subodh Das, ARCO Aluminum Company, PO
Box 32860, Louisville, KY 40232

Room: 3
Location: Convention Center

Monday AM
March 1, 1999

Session Chair: Subodh K Das, ARCO Aluminum Inc., Louisville, KY
40232 USA

8:30 AM INVITED PAPER
IS THE ALUMINUM CAR A FANTASY?: Firoze Katrak'; 'Charles
River Associates, Inc., 200 Clarendon St., T-33, Boston, MA 02116
USA

Over the last two decades, aluminum usage in cars has grown signifi-
cantly, but mostly in cast forms. The bulk of these applications is in
transmission, engine block, and suspension type components. Use of
aluminum in body-in-white (BIW) has been limited and sporadic, and
steel continues to dominate in BIW applications. The use of polymers
has grown only in the interior, with some small successes in exterior
applications. Will usage of aluminum and polymers plateau, or will it
break through and grow rapidly in the next century? How will the battle
among steel companies, polymer companies, and aluminum companies
affect this outcome? The paper will discuss key issues related to the
future of aluminum, steel, and polymers in the automotive industry.

9:00 AM INVITED PAPER
OVERVIEW OF DOE’S PROGRAMS ON ALUMINUM AND MAG-
NESIUM FOR AUTOMOTIVE APPLICATIONS: Joe Carpenter';
'U.S. Department of Energy, EE-32, 1000 Independence Ave., S.W.,
Washington, D.C. 20585 USA

This will be an update and review of the DOE programs on aluminum
and magnesium for automotive (including heavy duty) applications.
While the main programs focused on automotive applications are in the
Office of Transportation Technologies (OTT), there are contributory
efforts in the DOE Office of Industrial Technologies and the Office of
Energy Research. The OTT efforts are programmatically divided into
Automotive Materials and Heavy Vehicle Materials, but both have ef-
forts on materials for the body/chassis and the powertrain, and there is
considerable synergism among the efforts. The bulk of the efforts are
on castings, sheet and alloys with lesser efforts on metal matrix com-
posites. The overriding theme of all the efforts is cost reductions.

9:30 AM INVITED PAPER
ALCAR — A MODEL FOR HORIZONTAL R&D CONSORTIUM:
Wayne Hayden'; 'Oak Ridge National Laboratory, Metals & Ceramic
Division, P.O. Box 2008, Oak Ridge, TN 37831-6152 USA

ALCAR consortium was created to develop a low cost, non-heat
treatable automotive body sheet aluminum alloy. This paper will discuss
the management aspects of organizing and running a horizontal consor-
tia for competing companies to cooperate in conducting pre-competi-
tive research and development involving US Department of Energy,
National Laboratories, Universities and Industrial consultants.

10:00 AM BREAK

10:30 AM INVITED PAPER
INNOVATIVE ALUMINUM APPLICATIONS FOR AUTOMOTIVE
USE IN EUROPE: Dietrich G. Altenpohl'; 'Rainstrasse 368, Feldmeilen
CH-8706 Switzerland

Based on selected examples, a review is presented on recent and
ongoing innovations within some aluminum and Automotive Industries:
By the development of components and subsystems from Aluminum
Alloys and thereby substituting iron and steel in achieving less weight but
also better properties mainly regarding LCA.

11:00 AM
EFFECT OF THERMOMECHANICAL PROCESSING AND SUR-
FACE TREATMENT ON FATIGUE PERFORMANCE OF HIGH-
STRENGTH MAGNESIUM ALLOYS: M. Hilpert'; 'Technical Uni-
versity of Brandenburg at Cottbus, Chair of Materials Technology, P.O.
Box 101344, Cottburg 03013 Germany

The high-strength magnesium alloy AZ 80 was received as extruded
bar stock. Material to be deformed by hot rolling, 1-dimensional and 3-
dimensional pressing or swagging was first solution heat treated at T =
405YC for 1 hour. The forming temperature was constant at T = 400YC.
For the various forming procedures, the total deformation degree was
roughly constant at f = 1. After deformation, the crystallographic tex-
ture was determined. Tensile tests were performed using initial strain
rates of e = 8.4 - 10-3 s-1. Fatigue tests were conducted on electrolyti-
cally polished hour-glass shaped specimens in rotating beam loading (R



= -1) in air. In addition, mechanical surface treatments were used to
improve the fatigue performance of the various conditions. Examples
of fatigue life improvements will be shown for shot peening and roller-
burnishing and will be interpreted in terms of the resistances to fatigue
crack nucleation and microcrack growth as affected by surface rough-
ness, work hardening and residual compressive stresses.

11:20 AM
CONDUCTIVE HEAT RESISTANCE SEAM WELDING OF ALU-
MINUM: Lawrence Robert Lehman',; 'Edison Welding Institute, Resis-
tance & Solid State Welding, 1250 Arthur E. Adams Dr., Columbus, OH
43221 USA

As consumer demand for more fuel efficient vehicles increases, as
well as increased government regulation of fleet fuel economy, the use
of aluminum for automotive components is becoming more attractive.
As part of this effort, aluminum tailored blanks containing continuous
joints have become of interest. To date, the processes used to fabricate
these joints have been expensive. These processes have included laser
welding, GTA welding, and electron beam welding. Recently, a new
process has been developed for continuously joining aluminum alloy
sheet in a butt joint configuration. The process utilizes resistance heat-
ing of steel cover sheets, with subsequent conductive heating of alumi-
num. Preliminary weld trials have demonstrated the process is capable
of joining similar and dis-similar automotive gauge aluminum alloys at
process speeds up to 150-in./min.

11:40 AM
PRODUCING STEERING WHEEL FRAMES BY USING AN
AlMgSiMn- TYPE ALLOY: Moritz C. Wuth'; '"PETRI, Grossostheimer
STR 223, Aschaffenburg D-63741 Germany

In 1997 world wide 57,000,000 vehicles were built (1). This gives an
idea of the size of the current steering wheel market. There are several
different steering wheel frame designs and material combinations in use.
The most common designs are the completely diecasted designs from
aluminum-and magnesium alloys, hybrid designs from steel and alumi-
num and the welded designs made from steel. Hybrid designs typically
consist of spokes made from bended wire, and rims made from bended
pipes. Those parts are combined to a frame as inlays in high pressure die
casting as well. The main target of all producers is, of course, to improve
the properties and reduce the cost of a steering wheel frame. This paper
describes the development of an all-aluminum steering wheel frame
made of the alloy Magsimal-593 which provides excellent mechanical
and dynamical properties without any heat treatment. A brief descrip-
tion of the requirements for steering wheel frames is outlined, the melt-
ing and casting technique is described and experiences of two years in
production are discussed.

CARBON TECHNOLOGY: Raw Material
Production And Qualifying

Sponsored by: Light Metals Division, Aluminum Committee
Program Organizer: C. Dreyer, Aluminium Pechiney, St. Jean De
Maurienne 73303 France

Monday AM
March 1, 1999

Room: 6D
Location: Convention Center

Session Chair: Bill Spencer, Great Lakes Carbon, Kremlin, OK 73753

8:30 AM SESSION CHAIRMAN INTRODUCTION

8:35 AM
PLANT EVALUATION OF COAL TAR/PETROLEUM PITCH AN-
ODE BINDER: John Thomas Baron'; Joe Jacobs?;, 'Koppers Industries
Inc., 1005 William Pitt Way, Pittsburgh, PA 15238 USA; 2ALUMAX of
South Carolina, P.O. Box 1000, Goose Creek, SC 29445 USA

Recent closings of several U.S. coke plants have supported the pre-
dictions of a growing shortage of coal tar for the production of coal tar

anode binder pitch. Koppers Industries Inc. began development of
petroleum enhanced coal tar pitches in the early 1990’s. Through the
years of development, significant improvements have been made in the
quality and performance of the coal tar/petroleum pitch. This paper
will present the results of full plant trial that demonstrated that the
performance of the coal tar/petroleum pitch was equivalent to the coal
tar pitch. No changes to the anode forming process were required.

9:00 AM
INFLUENCES ON ANODE GRADE PETROLEUM COKE QUAL-
ITY: Eberhard Lucke'; Guenter Breuer'; 'Veba Oel AG/Ruhr Oel GmbH,
Coker/Calciner, Johannastrasse 2-8, Gelsenkirchen, NRW 45899 Ger-
many

In the RUHR OEL refinery in Horst, Germany, heavy residues are
upgraded to valuable liquid products by thermal cracking in a delayed
coker. The “bottom product” of the coking process is petroleum coke,
which is calcined and sold to the anode manufacturing industry. This
paper gives the basic information on the refinery structure and the
integration of the delayed coker and calciner plant. It shows the influ-
ence of crude oil properties, coker feedstock properties, coker feed mix
and process parameters (coker and calciner) on coke quality. Options of
process optimisation and quality control are described. The purpose of
this paper is to give a deeper understanding of the coke making process
and to show potential benefits in improving the contact between coke
producers and anode manufacturers.

9:25 AM
REAL DENSITY MEASUREMENT OF PETROLEUM COKE: R. E.
Gehlbach'; G. S. Tittle'; V. A. Benoit?, 'Reynolds Metals Company,
Smelter Technology Laboratory, 4276 Second St., Muscle Shoals, AL
35661-1258 USA; 2Baton Rouge Calcined Coke Plant, P.O. Box 4448,
Baton Rouge, LA 70821-4448 USA

Real density (RD) of petroleum coke is frequently a quality specifica-
tion, and generally considered an indication of the temperature to which
a coke is calcined. Its proper measurement is sensitive to sample prepa-
ration techniques, requiring the measurement of coke volume with all
porosity excluded. Helium pycnometer determinations were performed
to evaluate the effects of various parameters on measured real density of
several cokes. Degrees of fineness of samples meeting the -200 mesh (<
75 micron) particle size criteria of ASTM and ISO standard test proce-
dures were evaluated using conventional and air-jet sieving and Blaine
analysis. The fine microporosity (< 0.1 micron) generated by well-
known high temperature thermal desulfurization is frequently not ex-
cluded from the measured sample volume. Other measurement errors
may result from the effects of dedusting oils. Advantages of a vacuum
treatment prior to measurement of RD are discussed.

9:50 AM
PLANT EXPERIENCE IN QUALIFYING RAW MATERIALS FOR
THE CARBON PLANT: Marilou McClung'; Gerald F. Chovanec!; J.
Anthony Ross!; 'Century Aluminum, Ravenswood Primary Products,
P.O. Box 98, Ravenswood, WV 26164 USA

With new environmental regulations, changing product demands and
changing business climates, the sources of feed stocks to the coke calcin-
ing and pitch processing facilities are frequently changing in quality and
quantity. The challenge for Carbon Plants is to produce a consistently
high quality product while facing changes in the incoming raw material
streams. The influence of changes in the raw materials may not occur
immediately but will be seen, as butt return is recycled from the Potrooms.
Changes that may occur could be seen in net carbon, return butt weight,
pitch demand, and aggregate sizing among other factors. This paper
outlines Century’s experience in the effect of recycle butt materials on
carbon performance and the number of anode cycles it may take to
totally add or remove the influence of a raw material from the carbon
product. This paper also includes details on the procedures used to
qualify new or changed raw materials in the Ravenswood Operation’s
Reduction Plant. These procedures take into account the effect of
recycle butt material in plant and laboratory scale testing. Practical
examples are given of recent plant and laboratory scale testing of a
petroleum pitch blend versus a coal tar pitch used in anode production.

10:15 AM BREAK
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10:35 AM
WAYS TO IMPROVE ANODE PERFORMANCE IN VS LINES:
Alexandre Gomes'; 'Aratu, Alcan Aluminio Do Brazil, Caixa Postal
7391, Pituba, Sslvador 41-810-000 Brasil

If we take into account the importance of the VS anode performance
on the overall cell results, little effort is generally directed into trying to
understand the interactions among the various anode operational pa-
rameters, including raw materials quality, and their exact influence on
cell performance. At Alcan’s Aratu plant we were no exception to that
and, over the years, changes in raw materials quality as well as opera-
tional moves carried out to improve productivity and costs resulted in
serious deterioration of cell performance. These problems made us look
more deeply into the VS anode operation as a whole, which gave us a
reasonably good understanding of the aforementioned interactions. In
this paper we propose mechanisms that explain some of the various
types of anode problems and, as a consequence, where should the main
anode operational parameters and raw materials quality be to assure a
good overall cell performance.

11:00 AM
ANALYTICAL METHOD FOR DETERMINING PITCH AND
GRANULOMETRY CONTENT OF ANODE PASTES: Stanley E.
Christopherson'; Mike Toda'; Bruce Lorenz?;, 'Goldendale Aluminum
Co., Lab, 85 John Day Dam Rd., Goldendale, WA 98620 USA; 2Bruce
Lorenz Consulting, 922 W. 11th, The Dalles, OR 97058 USA

The monitoring of anode paste plant efficiency in regards to coke
granulometry and pitch content is of primary importance. Analyzing
the final carbon product, and comparing the data with the plant instru-
mental settings, will give a good indication of what is occurring during
the mixing process and therefore a good indicator of plant efficiency.
This method was developed to give a quantitative and reproducible value
of pitch content in the finished product coming out of the anode paste
plant. In addition to the determination of pitch content, the coke
granulometry percentages and the degree of coke grind-down in process-
ing can be measured as well. As a result of this information, a determi-
nation of scale accuracy and granulometry adjustments can also be in-
ferred.

CAST SHOP TECHNOLOGY: Molten Metal

Processing/Degassing

Sponsored by: Light Metals Division, Aluminum Committee
Program Organizers: Y. Sahai, The Ohio State University, Dept. of
Mats. Sci. and Eng., Columbus, OH 43210-1179 USA; James
O’Donnell, Commonwealth Aluminum, Dept. of Eng., Louisville, KY
40202 USA

Room: 6C
Location: Convention Center

Monday AM
March 1, 1999

Session Chair: Dr. Ed Eckert, Apogee Technology, Inc., Verona, PA
15147 USA

8:30 AM
GAS FLUXING OF MOLTEN ALUMINUM: Geoffrey K. Sigworth';
!GKS Engineering Services, 116 Derby St., Johnstown, PA 15905 USA
The aluminum industry is under continual pressure to improve metal
quality, while at the same time reduce costs. The only way to do this is
through continual process optimization. Although the gas fluxing of
aluminum is a reasonably mature technology, there is still room for
improvement. A detailed review and theoretical analysis is given for
chemical and kinetic factors which control the metal quality after gas
fluxing, and suggestions are made for ways to improve the process.
Particular emphasis is placed on hydrogen removal and minimization of
chlorine use. Considerations related to inclusion removal are also dis-
cussed briefly.

8:55 AM
ALPUR TS, THE SOLUTION FOR LOW COST DEGASSING
AND FILTRATION: Joop De Ridder'; Jean-Claude Terrier?; 'Pechiney
Aluminium Engineering, Postbus 49, Vlissingen 4380 AA The Nether-
lands; 2Pechiney Aluminium Engineering, Centr’Alp, B.P. 24, Voreppe
38340 France

Pechiney Nederland NV, one of the largest European manufacturers
of extrusion billet supplies the European market with a broad range of
alloys and billet diameters. A large program was engaged to modernize
their casting and homogenising facilities while keeping the same level of
flexibility. In order to minimize their operating costs while maintaining
high degassing and filtration efficiencies, Pechiney Nederland elected
the new Alpur TS as their preferred technology. This paper describes the
main items of equipment with regard to industrial needs, including spe-
cial adaptations to meet the need for high flexibility associated with
high standards of operating conditions.

9:20 AM
UPGRADING ATWO STAGE METAL TREATMENT SYSTEM TO A
DUAL PROCESS MOLTEN TREATMENT SYSTEM AT COMMON-
WEALTH ALUMINUM UTILIZING APOGEE TECHNOLOGY'S
REVROT SYSTEM: C. William Sanderson!; Joe Tessandori!; George
Ducsay?; 'Commonwealth Aluminum, Lewisport, KY 42351-0480; 2Apo-
gee Technology, Inc., Verona, PA 15147

The customer-driven qualtiy and productivity mandates of today's
aluminum industry requires that the successful aluminum producer main-
tain a program of absolute vigilance to emerging, and potentially en-
abling, leap frog technology. Commonwealth Aluminum is committed
to such a program, and recently evaluated various commercial processes
to replace a conventional unidirectional two stage in-line metal treat-
ment system for can sheet products at the Lewisport Operations. The
objectives were demonstrable improvements in a) separation of sus-
pended solids (inclusions) via flotation, b) hydrogen removal, and c)
operator friendliness and safety. Apogee Technology's REVROT pro-
cess was purchased for plant trials. The system uses a unique bi-direc-
tional phase contactor to achieve very high input power density levels.
Increases in process gas bubble dispersion and vortex free liquid phase
mixing can therefore result in dramatically improved performance. Fol-
lowing the implementation of Apogee prescribed modifications to in-
ternal baffling, a two stage, retro-fit REVROT drive system, utilizing
different impellers, was operated and compared to baseline performance
from the conventional system. The operating experience is summa-
rized in this paper and comparison of critical process parameters are
presented.

9:45 AM
HYDROGEN REMOVAL FROM ALUMINIUM IN CO-CURRENT
AND COUNTER-CURRENT BUBBLE COLUMNS: Martin
Syvertsen!; Frede Frisvold?, Thorvald Abel Engh!; Didrik S. Voss3; Nor-
wegian University of Science and Technology, Dept. of Metall., Alfred
Getz vei 2b, Trondheim N-7034 Norway; 2SINTEF, Mats. Tech., Alfred
Getz vei 2b, Trondheim N-7034 Norway; 3Elkem Aluminium ANS,
Lista, Farsund N-4550 Norway

Bubble columns may be an interesting alternative to rotor units for
removal of hydrogen from molten aluminium. This has been studied in
water models removing O, with N, as purge gas. The experimental
results agree well with theory, both for co-current and counter-current
flow. The concept has partly been verified in industrial experiments. A
gas lift pump was used to adjust the metal level in a new deep bed filter
developed and tested in production runs at Elkem Aluminium ANS,
Lista, Norway. The gas-lift pump also acts as a co-current bubble column
degasser. Hydrogen content in the melt was measured in and out. The
results are discussed based on the theory of removal in co-current bubble
columns. Removal compares favourably to a rotor unit (back-mix tank)
even though the pump was not primarily designed for this purpose.

10:20 AM

OPERATING EXPERIENCE WITH THE CAST HOUSE TROUGH
REACTOR: Chris English'; Bruce Walker?; !Cast House Technology,
Ltd., 18 Mary St., Guelph, Ontario NIG 2A7 Canada; 2Bon L. Canada,
Inc., 1850 Clements Rd., Pickering, Ontario Canada



This paper examines the performance of the Cast House Trough
Reactor, which degasses with closely spaced high velocity argon jets
producing small bubbles at very high bubble concentration densities.
Actual degassing and particulate removal figures achieved with increased
metal flow rates are compared with previously reported numbers ex-
trapolated from lower levels of throughput. The validity of assumptions
used in these extrapolations is explored and modified in the light of
actual performance. Performance figures for a wide range of alloys and
metal and gas flow rates are discussed. The techniques used to eliminate
dross formation in the reactor and potential nozzle blockage are also
demonstrated. A real-time video lasting approximately six minutes,
covering start-up, shut-down, reactor draining and cleaning to make
ready for the next cast, will be shown.

10:45 AM
BUBBLE SIZE AND REMOVAL RATE OF SODIUM IN IMPELLER
STIRRED REFINING REACTORS: Stein Tore Johansen!; 'SINTEF,
Materials Technology, Alfred Getz vei 2B, Trondheim, Trendelag 7034
Norway

At previous TMS annual meetings we have discussed the relations
between bubble sizes, mass transfer and stirring power in melt process-
ing. We also have presented experimental data for melt surface mass
transfer obtained in water models and how water model data may be
adopted in predicting real melt refining. In the present paper we attempt
to predict sodium and hydrogen removal data obtained in the casthouse
under standard operating conditions. The refining models are extended
to sodium removal using reactive and non-reactive purge gases. Without
resorting to constant fitting in the model we predict removal rates and
compare to the casthouse experiments. The good predictions of casthouse
data support the physical understanding of mass transfer and bubble size
and support water models as efficient tools to understand melt refining.

CREEP BEHAVIOR OF ADVANCED MATERI-
ALS FOR THE 21ST CENTURY: Microstruc-

ture and Mechanisms |

Sponsored by: ASM International: Materials Science Critical
Technology Sector, Flow & Fracture Committee, Structural Materials
Division, Mechanical Metallurgy Committee, Materials Processing and
Manufacturing Division, Powder Metallurgy Committee

Program Organizers: Rajiv S. Mishra, University of California, Dept.
of Chem. Eng. & Mats. Sci., Davis, CA 95616 USA; Amiya K.
Mukherjee, University of California, Dept. of Chem. Eng. & Mats. Sci.,
Davis, CA95616 USA; K. Linga Murty, North Carolina State
University, P.O. Box 7909, Raleigh, NC 27695-7909 USA

Monday AM
March 1, 1999

Room: 15A
Location: Convention Center

Session Chair:  A.K. Mukherjee, University of California, Dept. of
Chem. Eng. & Mats. Sci., Davis, CA95616 USA; E.M. Taleff,
University of Texas, Aerospace Engineering and Engineering
Mechanics, ASE/EM, C0600, Austin, TX 78712-1085 USA

8:30 AM OPENING REMARKS

8:35 AM KEYNOTE
HIGH TEMPERATURE CREEP BEHAVIOR OF ULTRA-FINE
GRAIN MATERIALS: J. R. Weertman'; 'Northwestern University,
Department of Materials Science and Engineering, Evanston, IL 60208
USA

Many dispersion-strengthened ultra-fine grain (UFG) materials re-
tain good strength levels at high temperatures. Their microstructures
can be very stable, resisting grain growth or recrystallization almost up

to T,. UFG metals and alloys tend to have very low work hardening
rates or even slow work softening, whether dispersion-strengthened or
single phase, and thus are susceptible to inhomogeneous deformation at
low strains. The dispersion-strengthened materials often appear to ex-
hibit a threshold stress for creep. The cause(s) or even existence of a
true threshold stress is not agreed upon. Above the threshold stress,
creep is usually modeled as power law behavior. Various stress exponents
are observed. Diffusional creep may be evident at lower stresses but
frequently is much slower than predicted by classic diffusional creep
equations. *Research supported by US DOE Grant DE-FG02-86ER45229

9:05 AM
VALIDATION OF A TRANSITION IN CREEP MECHANISM PRE-
DICTED BY A NEW THEORY OF CREEP IN PRECIPITATION-
STRENGTHENED ALLOYS: Brian Dyson'; 'Imperial College of
Science, Technology and Medicine, Department of Materials, Prince
Consort Road, London SW7 2BP England

A large creep database on 2°CrlMo steel has been taken from the
literature and used to test one of the key predictions of a new theory of
creep resistance in precipitation-strengthened alloys. The new theory
proposes that the generally-accepted climb/glide mechanism of creep in
these alloys operates macroscopically as a parallel kinetic process and
leads to creep being controlled by the slower of two sequential processes:
“recovery” of glide-dislocations from the precipitate dispersion; or their
subsequent matrix glide-rate. The activation area for recovery-creep is
shown to be proportional to the particle spacing and is smaller than that
for viscous glide and thus glide-control is favoured by a combination of
low stress and low particle volume fraction. Four sets of data from
different nickel-base superalloys (20-60% volume fraction), including a
single crystal alloy, demonstrate that creep is consistent with recovery-
control at all practical stresses and temperatures. In contrast, minimum
creep rate data at several temperature levels for the 2"Cr1lMo steel
(approximately 1% volume fraction of particles) have been modelled as
two sequential mechanisms with glide-control at low stresses and recov-
ery-control at high. The steel data exhibit certain characteristics of
conventionally defined threshold behaviour and the new theory there-
fore offers an alternative (non-threshold) explanation.

9:25 AM
A CONTINUUM DAMAGE MECHANICS APPROACH TO MOD-
ELLING ANISOTROPIC CREEP IN SINGLE CRYSTAL SUPER-
ALLOYS: M. McLean'; M. Ardakani'; H. Basoalto!; R. N. Ghosh!; B. A.
Shollock!; !'Imperial College of Science, Dept. of Mats., Technology
and Medicine, Prince Consort Rd., London SW7 2BP UK

The anisotropy of creep deformation of single crystal superalloys is
a complex function of crystallography, defect content, stress and tem-
perature and it is influenced by the evolution of the precipitate micro-
structure. This paper will describe the development of a mechanism-
based model of anisotropic creep that uses the formalism of continuum
damage mechanics to account for restriction of viscous glide to specified
slip systems, progressive softening due to the accumulation of mobile
dislocations, the effects of pre-existing casting porosity and the devel-
opment of y’ rafting. The model is shown to successfully represent
extensive databases of <001> and <111> creep curves for SRR99 and
CMSX4 from which the model parameters are derived. The model also
allows the prediction of changes in crystal orientation and specimen
cross-sectional shape with increasing creep strain. These measures pro-
vide a sensitive approach to validating the model by comparison of
model calculations with experimental measurements. Using the model
parameters deduced from the database a range of predictions have been
made and compared with measurements; these include tensile creep for
complex orientations, strain controlled deformation (both in mono-
tonic stress-strain curves and in low cycle fatigue) and implementation
of the model in finite element codes to simulate multiaxial creep behaviour
in notched and hollow specimens.

9:45 AM

EFFECT OF NETWORK FORMATION ON CREEP OF PLATELET-
AND WHISKER-REINFORCED CERAMICS: David S. Wilkinson';
Rosaura Ham-Su!; 'McMaster University, Materials Science. & Engi-
neering, 1280 Main St. W., Hamilton, Ontario L8S 4L7 Canada
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When platelets or whiskers are added to a ceramic matrix a creep-
resistant network is formed. The nature of this network depends on the
volume fraction and the degree of orientation. In this presentation
experimental work on alumina reinforced with SiC platelets will be
presented. It will be shown that the creep resistance depends on the
processing route. In particular, if platelets are aligned in one direction
little network interaction develops and the resulting creep rate is high.
A more random network develops greater coordination and thus a higher
creep resistance. The development and evolution of network stresses
during creep has been followed using neutron diffraction. The results of
this study have been rationalized using a model based on the viscoelastic
bending of platelets. The model is equally applicable to whiskers.

10:05 AM
CREEP DESIGN ANALYSIS OF SILICON NITRIDE USING
STRESS RELAXATION TESTING: David A. Woodford'; 'Materials
Performance Analysis, Inc., 1707 Garden St., Santa Barbara, CA 93101
USA

A new approach to tensile creep analysis for ceramics based on stress
relaxation testing is described for sintered silicon nitride. The results are
presented in terms of creep rate vs. stress covering up to five orders of
magnitude in tests lasting less than one day. Tests from various initial
stresses at temperatures between 1200YC and 1350YC are analyzed and
compared with creep rates measured during conventional constant load
testing. It is shown that a significant portion of the accumulated creep
strain is anelastic and recoverable. Excellent repeatability is demon-
strated, and the effects of deformation history and prior thermal expo-
sure are described. Pseudo stress vs. time curves generated from the data
show a strong rate sensitivity. The systematic rate dependance provides
a new basis for design against creep in ceramics in terms of a time-
dependent secant modulus analysis.

10:25 AM BREAK

10:30 AM INVITED PAPER
MODELING TIME DEPENDENT PLASTICITY WITH LOCAL IN-
TERACTIONS: Glenn S. Daehn'; 'The Ohio State University, Depart-
ment of Materials Science and Engineering, Columbus, OH 43210-1178
USA

Models that are similar to cellular automata developed to study top-
pling in sand piles are applied to the study of time dependent plastic
deformation. The models are based upon a large number of sites, each of
which may ‘slip’ in a given time step based on a probability determined
solely by the ‘strength’ of the site and the local stress. If a given site
slips, the stress on it is reduced while the stress on neighboring sites is
increased such that the stress averaged over the material remains con-
stant. Such locally interacting models of deformation provide many
features that are observed in experimentally in plasticity but which are
difficult to obtain in closed-form models. In particular: (a) These
models show a size-dependence wherein the ‘strength’ of a solid de-
creases with increasing the number of interacting elements that com-
prise it. (b) Changes in stress produce a rather complex transient
behavior wherein flow may either be forward, backward or zero upon a
stress reduction. This is very similar to experimentally-observed behav-
ior. (c) If a distribution of site strengths (either bimodal or continuous)
is considered, an extended transient in the strain-time behavior is ob-
tained in constant stress creep. This transient is typically close to a
power-law form where strain accumulates with time raised to a power
which is usually less than one-third. Such forms have been observed
many times in creep experiments and are usually regarded as being
empirical. The development of, and assumptions in, such models will be
presented and it will be argued that simple models based on local inter-
actions can offer much insight into the phenomenology of plastic de-
formation.

10:55 AM INVITED PAPER

CORRELATION BETWEEN CREEP RATE AND STACKING FAULT
ENERGY DURING DISLOCATION CREEP: Eric M. Taleff'; Robert
W. Hayes?; !'University of Texas, Aerospace Engineering and Engineer-
ing Mechanics, ASE/EM, C0600, Austin, TX 78712-1085 USA; 2Metals
Technology Inc., 19801 Nordhoff St., Northridge, CA 91324 USA

Work by several investigators has shown that the creep rate during
dislocation creep is strongly affected by stacking fault energy. These
classical results can now be applied to several materials using stacking
fault energy data not available until recently. Making use of stacking
fault energy it is possible to normalize creep rate in a manner allowing
the comparison of data from many different materials. When creep
rate is normalized by both stacking fault energy and temperature and is
plotted against modulus-compensated stress, the data of several differ-
ent materials fall onto one master curve. This master curve offers a
useful means of understanding and predicting dislocation creep behavior.

11:15 AM
CREEP BEHAVIOR OF BULK AMORPHOUS AND NANOCRYS-
TALLINE Zr-BASE ALLOYS: A. Leonhard'; M. Heilmaier'; J. Eckert';
L. Schultz!; !'Institute of Solid State and Materials Research Dresden,
Dresden D-01069 Germany

Bulk amorphous Zr-base alloys are known to reveal outstanding
mechanical properties at room temperature, namely a beneficial combi-
nation of very high strength, relatively low “Young” modulus, some
microplasticity and high wear resistance. However, their creep proper-
ties at elevated temperatures have not been investigated so far Zr-Al-
Cu-Ni alloys with a significant supercooled liquid region (AT, = T-T, =
90 K, T,: onset of crystallization, T,: glass transition temperature) were
produced by die casting into a copper mould. Annealing of the amor-
phous samples at 693 K leads to formation of a two-phase material
consisting of nanocrystalline precipitates embedded in an amorphous
matrix. The microstructure was analysed by x-ray diffraction (XRD)
and transmission electron microscopy (TEM) with special emphasis on
the size and composition of these crystallites. Creep experiments have
been carried out by constant extension rate tests in compression with
cylindrical specimens of typically 3 mm diameter and 6 mm height
around T,. In contrast to dispersion strengthened materials low concen-
trations of nanocrystals do not significantly influence the viscous flow
type creep. However, the observed thermal stability against crystalliza-
tion provides a promising possibility for easy shaping of complex parts
of bulk amorphous metals at temperatures well above T,.

11:35 AM
DEFORMATION BEHAVIOR OF Sn, SnSb and SnAg ELEC-
TRONIC SOLDERS FROM CREEP AND AUTOMATED BALL
INDENTATION TESTS: M. D. Mathew!; Hong Yong'; Sashidhar Movval';
K. L. Murty'; 'North Carolina State University, Nuclear Engineering,
Hillsborough St., Raleigh, NC 27695-7909 USA

The deformation behaviors of tin, Sn5Sb solid solution and Sn3.5Ag
eutectic alloys were investigated using creep, and automated ball inden-
tation (ABI) tests. The temperature range spanned from ambient to 423
K. Creep tests were performed under constant load while ABI tests were
conducted at varied strain-rates. The strain-rate dependence of the true
tensile strength was investigated using constant strain-rate tests from
which the stress exponent and the activation energy for deformation
were derived. Long-term creep data correlated with those derived from
short-term ABI tests. For SnSb, power-law stress dependence (n=5) is
noted at low stresses or strain rates and high temperatures, while expo-
nential stress variation is observed at high stresses. The activation en-
ergy derived from the power-law region data was low (13 kCal/mol) but
in agreement with both creep and tensile data reported earlier. Transi-
tions in deformation mechanisms were observed with distinct values for
the stress exponent, and in Sn3.5Ag, the low temperature dislocation
climb due to dislocation core diffusion was identified at high stresses. In
addition, single lap shear tests were performed on 33x33 solder bump
array of Sn3.5Ag which exhibited relatively more scatter. Underlying
deformation mechanisms will be discussed.

11:55 AM
TRANSFORMATION SUPERPLASTICITY OF TITANIUM AND Ti-
6Al-4V MATRIX COMPOSITES: Christopher A. Schuh'; Peter Zwigl';
David C. Dunand!; 'Northwestern University, Dept. of Mats. Sci. and
Eng., 2225 North Campus Dr., Room 2036, Evanston, IL 60208 USA
Although titanium-based composites exhibit high strength, stiffness,
and abrasion resistance, low ductility and hence expensive processing
requirements hinder their use. Transformation superplasticity is a de-
formation mechanism where necking is inhibited and large failure strains



are produced by thermally cycling a material about a solid-state phase
transformation under the action of an applied stress. In this paper we
investigate the feasibility of forming Ti/TiC and Ti-6Al-4V/TiC com-
posites by transformation superplasticity. The plastic strain induced on
each thermal cycle about the transformation range of the matrix is
measured as a function of applied stress. The results are considered in
the framework of existing continuum mechanics-based models. The
room temperature tensile properties of superplastically deformed speci-
mens are related to microstructural evolution during thermal cycling.
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8:30 AM INTRODUCTION AND WELCOME

8:40 AM
MODELLING INTERACTING PHENOMENA DURING THE SO-
LIDIFICATION OF METALS IN THE CASTING PROCESS : C.
Bailey'; S. Bounds'; M. Cross!; G. Moran'; K. Pericleous!; G. Taylor!;
"University of Greenwich, Centre for Numerical Modelling and Process
Analysis, Wellington St., Woolwich, London SE18 6PF UK

A variety of interacting complex phenomena takes place during the
casting of metallic components. Here molten metal is poured into a
mould cavity where it flows, cools, solidifies and then deforms in its solid
state. As the metal cools, thermal gradients and solidification shrinkage
will promote flow from feeders (risers) towards the mushy zone. Also, as
the evolving solid regions of the cast component deform they will form
an air-gap at the cast-mould interface. This gap may change the rate of
solidification in certain parts the casting. Both fluid flow and solid
deformation, occurring throughout the component, will govern the so-
lidification process and the formation of porosity type defects. This
paper will present a multiphysics modelling approach to this complex
process. Emphasis will be placed on the modelling techniques used. The
effects of fluid flow and solid deformation on the solidification process
and porosity formation will be detailed. Some comparisons with plant
data will also be given.

9:00 AM
MASS TRANSFER MECHANISMS AT FLUID-FLUID INTERFACES:
Stein Tore Johansen'; Knut Bech!; SINTEF, Materials Technology,
Alfred Getz vei 2B, Trondheim, Trondelag 7034 Norway

The mass transfer at fluid-fluid interfaces due to turbulent agitation is
investigated theoretically. In particular a theory is derived for interface
stresses due to interface energy and surface renewal. This theory indi-

cates that surface renewal may take place if the geometry is sufficiently
large and if surface tension is sufficiently low. By using a model for a
typical turbulent structure we compute the interface mass transfer for a
stressless interface and a fully rigid interface. Results for the general
situation are not presently available. The computed results are used to
derive analytical expressions for the mass transfer based on turbulent
kinetic energy and freestream turbulent length scales. One important
application of the theory is the mass transfer at the electrolyte side of
the bath-metal interface in the Hall-Heroult process. For this process we
show that mass transfer should be expected to be of the rigid surface

type.

9:20 AM
A CFD ANALYSIS OF THE AIR ENTRAINMENT RATE DUE TO A
PLUNGING STEEL JET COMBINING MATHEMATICAL MOD-
ELS FOR DISPERSED AND SEPARATED MULTIPHASE FLOWS:
Harald Laux'; Stein Tore Johansen'; 'SINTEF, Materials Technology,
Alfred Getz vei 2B, Trondheim 7034 Norway

In most of the steel plants worldwide the major part of alloying
material is added during tapping of steel furnaces. In a recent work it has
been shown that the yield of the alloying process can be optimized if the
alloy size, the alloy injection point, and the addition timing are chosen
properly (Berg et al, 1998). As for plunging water jets it can be assumed
that the plunging steel jet in the tapping operation entrains air into the
steel bath. Possible effects of such air entrainment to the flow pattern in
the ladle, as bubble-induced flow, have not been included into the analysis
of Berg et al (1998). In air-water models or the tapping process, how-
ever, e.g. Tanaka et al (1993) have shown that air entrainment can have
a profound impact on the circulation pattern. Air entrainment is also
important with respect to undesired nitrogen pick-up by the steel (Choh
et al, 1983). Of special interest are the air-entrainment rate, the pen-
etration depth of emerging bubbles, and their average bubble size. For
air-water systems measurements of these quantities are easily achieved
and thus a large number of experimental works on this topic have been
performed as reviewed by Bin (1993). Corresponding experiments are
difficult to perform in liquid metals under operation conditions and
therefore, to our knowledge, almost no experimental correlations are
found in the literature that allow calculating the air entrainment rate of
a plunging metal jet. The purpose of this work is therefore to show that
the air entrainment rate and its effect to the circulation pattern in the
ladle can be obtained by means of CFD. In particular, the presented CFD
analysis combines mathematical models and numerical techniques for
separated and for dispersed multiphase flows. In a first step the air
entrainment rate is computed by using a volume-of-fluid model (VOF;
Johansen, 1998). The VOF model is designed for separated flows and can
easily provide the air entrainment rate. Because the typical length scales
of the gas-bubbles and the overall ladle geometry differ by orders of
magnitude, the bubbles, that emerge from the sheet of entrained air that
surrounds the jet underneath the surface, can not be resolved on a fea-
sible computational mesh. In a second step, therefore, the computed air
entrainment rate is used as inlet condition for a two-fluid model (de-
signed for dispersed multiphase flows; Laux, (1998). The two-fluid model
comprises governing equations for the liquid metal including equations
for turbulence in the liquid phase (two-equation turbulence model) and
the governing equations for the air bubbles. New to the model is an
equation that describes the transport of the average diameter of the
bubble distribution in each cell of the computational mesh. Essential to
this so -called dispersed diameter model is that coalescence and break-up
are described. The steel velocities are coupled to the local bubble diam-
eter through the drag term and therefore the effect of the bubbles to the
metal flow pattern can be computed. The results of such computations
show how the flow circulation pattern of the steel is affected by the
entrained air and allows computing the surface area of the bubbles in the
steel bath. The latter quantity gives an indication of the possible nitro-
gen pick-up. Transient and axisymetric computations for both air-water
and air-steel systems for one ladle geometry will be presented and com-
pared to each other. The case definitions are such that actual operation
conditions in the steel plant are simulated. The results for the air-water
system are compared to results from empirical corelations. The ob-
tained computational results will reveal weaknesses of the chosen tap-
ping configuration and will indicate if the mass flow rate of steel, the
tapping height, or the alloy addition point have to be changed in order
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to improve the yield of the tapping process. References Berg H., Laux
H., Johansen S. T. and Klevan O. S. (1998), Flow patterns and alloy
dissolution during tapping of steel furnaces, submitted to Ironmaking
and Steelmaking. Bin A.K. (1993), Gas entrainment by plunging liquid
jets, Chemical Engineering Science, Vol. 48, No. 21, pp. 3585-3630.
Choh T., Iwata K. and Inouye M. (1983), Estimation of oxygen and
nitrogen absorption of liquid steel during tapping from converter, Trans-
actions ISIJ, Vol. 23, pp. 680-689. Johansen S.T. (1998), Large scale
simulation of separated multiphase flows, Third International Confer-
ence on Multiphase Flows, Lyon June 8-12, 1998. Laux H. (1998),
Modeling of dilute and dispersed fluid-particle two-phase flows, PhD
thesis Norwegian University of Science and Technology, submitted April
1998. Tanaka M., Mazumdar D. and Guthrie R.I.L. (1993), Motions of
alloying additions during furnace tapping in steelmaking processing op-
erations, Metallurgical Transactions B, Vol. 24B, pp. 639-648.

9:40 AM
SOLID-STATE FLOW ASSOCIATED WITH THE FRICTION-STIR
WELDING OF DISSIMILAR METALS: : L. E. Murr'; Ying Li'; R. D.
Flores!; E. A. Trillo'; J. C. McClure!; !'The University of Texas at El
Paso, Dept. of Metall. and Mats. Eng., 500 West University Ave., Room
M 201, El Paso, TX 79968 USA

Complex vortex and swirl-like solid-state flow phenomena have
been observed in the residual microstructures characterizing the fric-
tion-stir welding (FSW) of copper to 6061 aluminum and 2024 alumi-
num as well as 2024 aluminum to 6061 aluminum. These flow phenom-
ena are characterized by intercalation lamellae composed of essentially
dynamically recrystallized grain structures of the dissimilar metals which
provide a super-plastic-like mechanism for friction-stir weld flow in the
solid state; there is no melting and temperatures at the weld center do
not exceed about 0.8 TM (where TM is the absolute melting tempera-
ture (K)). In experiments to be described optical metallography and
transmission electron microscopy techniques are utilized in examining
residual FSW microstructures corresponding to tool rotation (stirring)
speeds ranging from 400 to 1200 rpm, and traverse (or actual welding)
speeds of 1 to 2 mm/s. Supported by NASA-Marshal Space Flight Center
Cooperative Agreement NCC-8-137.

10:00 AM BREAK

10:20 AM
FREE SURFACE HORIZONTAL WAVES GENERATED BY LOW
FREQUENCY ALTERNATING MAGNETIC FIELDS: S. Daugan!;
Yves Fautrelle'; J. Etay'; 'Institut National Polytechnique de Grenoble,
CNRS-EPM ENSHMG, B.P. 95, 38402 Saint Martin d’Heres Cedex
France

When a liquid metal pool is submitted to an A.C. magnetic field,
electrical currents are induced in the liquid metal and interact with the
applied magnetic field to create electromagnetic body forces. Those
Lorentz forces comprise both a mean value (time average) and an oscil-
lating part. In the particular case where the frequency of the applied
magnetic field is low (a few Hertz), the oscillating becomes predominent
as compared with the mean one and generate free surface motions. The
present paper deals with an other particular case of free surface instabili-
ties generated by low frequency alternating magnetic fields. The liquid
pool consists in a mercury layer, which is set on a plane substrate. The
liquid puddle is submitted to a vertical low frequency A.C. uniform mag-
netic field. The present experiment represents a idealized cold model of
semi-levitated liquid metal pools. For a given magnetic field frequency,
we increase the magnetic field strength from zero to approximately 0.2
T. The observations exhibit three main flow patterns: (i) axisymmetric
regime (ii) non-symmetric waves (iii) unstructured regimes From our
experiments, we conclude that a uniform low frequency A.C. vertical
magnetic field may destabilize a horizontal liquid metal layer.

10:40 AM
MAGNETIC DAMPING OF JETS, VORTICES AND TURBULENCE:
P. A. Davidson'; 'University of Cambridge, Eng. Dept., Trumpington
St., Cambridge CB2 1PZ UK

We discuss the influence of a static magnetic field on jets, vortices
and turbulence. This is particularly relevant to D.C. braking in slab
casting. Our main conclusion is that, typically, the magnetic field de-

stroys mechanical energy, via joule dissipation, but is unable to destroy
momentum. Rather, it continually rearranges the momentum in such a
way that the energy falls.

11:00 AM
MHD TURBULENT SHEAR LAYERS: EXPERIMENT AND
MODELISATION AT HIGH HARTMANN NUMBER : Y. Delannoy';
V. Uspenski'; K. Messadek!; R. Moreau!; 'MADYLAM-ENSHMG, BP95,
38402 St. Martin d’Heres, Cedex France

The MATUR program (Magneto-hydro-dynamic TURbulence) is
devoted to the study of turbulent shear flows in high magnetic fields, in
conditions such that the large turbulent structures are two dimensional.
The presence of a forcing mean shear stress makes this study closer
from metallurgical applications than most of the studies of the last
decades, that focused on homogeneous turbulence. A new mercury model
experiment has been built and tested in uniform magnetic fields of up to
6T, (Ha~1000), ensuring a better two-dimensional behavior than earlier
versions (limited to B~0.2T). The quality of the experimental results
has been improved: wave number spectras in place of frequency spectras,
higher signal levels due to the higher magnetic fields (making it possible
to measure directly the vorticity of the turbulent flow). In parallel with
these experiments, a numerical Navier-Stokes code was used to perform
some two dimensional “direct” simulations, with a source term model-
ling the Hartmann layer. The condition of closure of the electric cur-
rent allows to transfer the Hartmann effect into the 2D core flow
without simulating the layer itself. No subgrid scale modelling is needed
in such a two dimensional situation where most of the energy is carried
by the large scales. Two shear layers parallel to the magnetic field are
present in our configuration: one is a free shear layer, which becomes
highly turbulent at high velocities as shown by the experiments, and the
other is a wall shear layer, which seems to remain much more stable even
at high velocities. The numerical simulations reproduce this behavior
and provide some insight about a regular vorticity eruption from the
wall shear layer towards the core flow. This phenomenon can hardly be
analysed experimentally because of the low thickness of this wall layer.
Its effect on the mean flow and on the momentum transfer will be
detailed.

11:20 AM
DIRECT NUMERICAL SIMULATIONS OF HOMOGENEOUS
MHD TURBULENCE: O. Zikanov'; A. Thess'; 'Technical University
of Dresden, Institute for Aerospace Engineering, Center for Physical
Fluid Dynamics, Dresden D-01062 Germany

Direct numerical simulation methods are applied to study the influ-
ence of a constant magnetic field on turbulent flows of liquid metals.
The flow is assumed to be homogeneous and the problem is reduced to
the classical case of the turbulent flow in a 3D box with periodic bound-
ary conditions. The main subject of the study is the anisotropy develop-
ing in a liquid metal flow affected by constant magnetic field. To inves-
tigate the long-time evolution of initially isotropic flow the large-scale
forcing is applied to maintain the flow energy at a statistically steady
level. It is found that the flow evolution depend strongly on the mag-
netic interaction parameter (Stuart number). In the case of small Stuart
number, the flow remains three-dimensional, turbulent, an approxi-
mately isotropic. At large Stuart number (strong magnetic field) the
turbulence is suppressed rapidly and the flow becomes two-dimensional
and laminar. Very interesting is the intermittent flow evolution at mod-
erate Stuart number. Long periods of almost two-dimensional, laminar
behavior are interrupted by strong turbulent three-dimensional bursts.
The influence of a constant magnetic field on scalar transport proper-
ties of liquid metal turbulence is investigated using the simplified formu-
lation of homogeneous flow driven by an imposed mean temperature
gradient. Such a flow consists primarily of two turbulent antiparallel jets
providing an effective mechanism for heat transfer. It is shown that the
magnetic field parallel to the mean temperature gradient stabilizes the
jets and, thus, enhances heat transfer considerably.

11:40 AM

ANALYTICAL AND NUMERICAL ANALYSIS OF THE MHD FLOW
AROUND A SPHERE IN CROSSED ELECTRIC AND MAGNETIC
FIELDS: Nagy El-Kaddah'; Ashish D. Patel?; Thinium T. Natarajan’;
IThe University of Alabama, Dept. of Metall. and Mats. Eng., P.O. Box



870202, Tuscaloosa, AL 35487-0202 USA; 2Carpenter
TechnologyCorporation, Research Center, Reading, PA 19601 USA;
3U.S. Steel, Technical Center, Monroeville, PA 15146 USA

The phenomenon of particle migration in a conducting fluid under
an applied force field finds its application in selective sorting of miner-
als and more recently in inclusion removal from molten metal. This
paper deals with the analysis of the expulsion force and the flow around
a spherical particle in crossed uniform electric and magnetic fields in
infinite and in confined medium. Analytical solutions will be presented
for the electric and magnetic fields as well as the induced flow at the
limits of zero Hartmann number. The flow around the particle was
investigated numerically at low and high Hartmann numbers. It will be
shown the flow damping effect of the magnetic field is only significant
when Hartmann number is larger than 1.0, and the decrease of the
velocity at higher Hartmann numbers occurs in the direction of the
current as would be expected. It will be also shown that flow modifica-
tion at high Hartmann number has little effect on the net force on the
sphere particle. The significance of these findings on electromagnetic
separation of particles in suspensions will be discussed.
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8:30 AM
BERYLLIUM-CAPSULE DENSIFICATION AND STRENGTH EN-
HANCEMENT BY BIASED DEPOSITION: Alan F. Jankowski';
'Lawrence Livermore National Laboratory, Chemistry & Materials Sci-
ence, P.O. Box 808, L-352, Livermore, CA 94551-9900 USA

A mechanical testing technique is developed to load thin-walled spheri-
cal capsules of beryllium under uniaxial tension at constant strain. In
addition to the measurement of elastic behavior, application of the
tensile load to failure produces yielding and fracture. The capsules are
prepared by magnetron sputter deposition of Be onto spherical polymer
mandrels. The application of an applied bias to the substrate holder is
densifies the columnar microstructure and dramatically increases the
material strength. A detailed assessment of capsule mechanical proper-
ties is now routinely available using this testing technique which will
facilitate the design of spherical capsules for high pressure vessels. This
work was performed under the auspices of the US Department of Energy
by Lawrence Livermore National Laboratory under Contract No. W-
7405-ENG-48.

8:55 AM
ON THE MECHANISM OF DEFORMATION INDUCED MAG-
NETIC TRANSITION IN FeAl: Ian Baker'; Yong Yang'; Patrick Mar-
tin2; 'Dartmouth College, Thayer School of Engineering, Tuck Drive,
Hanover, NH 03755 USA; 20ak Ridge National Laboratory, Metals and
Ceramics Division, Oak Ridge, TN 37831 USA

Single crystals of Fe-40Al were cold-rolled to a variety of strains up
to 48%, when cracking occurred. The rolled crystals were heated at 10
K/min to 973K in a differential scanning calorimeter, and three exo-
thermic peaks were observed. The cold rolling also induced a transition
from paramagnetism to ferromagnetism. At room temperature, the
ferromagnetism disappeared upon annealing above the lowest tempera-

ture exothermic peak, but at temperatures below 225K the annealed
specimen still showed a larger magnetic susceptibility compared to the
virgin single crystal. Analysis of the possible contributions to the ferro-
magnetic behavior suggests that antiphase boundaries (APB), princi-
pally in APB tubes, are the source. This work was supported by the U.S.
Department of Energy, Office of Basic Energy Sciences, Division of
Materials Sciences through Contract DE-FG02-87ER45311.

9:20 AM
DEFORMATION IN TANTALUM SINGLE CRYSTALS: TEMPERA-
TURE DEPENDENCE AND LATENT HARDENING.: Rajeev Kapoor';
"University of California, San Diego, Mats. Sci., 9500 Gilman Drive, La
Jolla, CA 92093 USA

Uniaxial compression tests were carried out on single crystal tanta-
lum to study the temperature sensitivity of flow stress at high strain
rates (3000/s) on the {211}<111> and {101}<111> slip systems. The
temperature dependence at high strain rates for the two systems,
{211}<111> and {101}<111>, was found to be very similar. Compres-
sive deformation carried out at 77K on single crystal tantalum exhibited
twin formation down to strain rates of 0.01/s. On the other hand, high
strain rate experiments carried out at room temperature did not show
any features resembling twin formation. Further experiments were
carried out to study latent hardening at high strain rates on the
{211}<111> slip system. A latent hardening ratio of 1.10 was observed
on intersecting {211} planes. The temperature dependence of the
latent system was similar to that of the primary system. From this it
was concluded that latent hardening occurs because of an increase in the
athermal component of stress, with the thermal component of stress
remaining unchanged. It is emphasized that this conclusion is valid only
for the {211}<111> family of intersecting slip systems.

9:45 AM
INFLUENCES OF STRAIN RATE AND GRAIN SIZE ON YIELD
AND SERRATED FLOW IN Al-Mg ALLOY 5086: Matthew
Wagenhofer'; Marjorie E. Natishan'; Ronald W. Armstrong'; Frank J.
Zerilli%; 'University of Maryland, Dept. of Mech. Eng., College Park,
MD 20742 USA; ?Naval Surface Warfare Center, Indian Head Division,
101 Strauss Ave., Indian Head, MD 20640 USA

Laboratory tests have been performed at two strain rates (0.001 and
0.36 [1/s]) and for two different material conditions spanning the treat-
ment of as-supplied commercial pipe stock material, as follows: (1)
annealed material at larger and smaller grain sizes; and, (2) after the 20%
cold work portion only of the H32 treatment. Dynamic strain aging
(from dislocation-solute interactions) produced significant serrations in
flow curves obtained at the lower strain rate and, consequently, a re-
versed strain rate effect manifested by higher true stress - true strain
curves, including greater uniform strains — for all material conditions.
Also, the cold worked material exhibited a substantially greater Hall-
Petch (stress versus reciprocal square root of grain size) dependence that
was employed on a comparative basis to demonstrate that the recovery
part of the H32 treatment trades flow strength reduction for the advan-
tage of enhanced ductility. The results are connected with Zerilli-
Armstrong predictions (J. Appl . Phys. 1987) of expected strength
increase with strain rate on a dislocation intersections basis and with a
Hall-Petch comparison of different Mg alloy strengthening behaviors
(Armstrong and Douthwaite 1995).

10:10 AM BREAK

10:20 AM
EFFECTS OF PLASTIC DEFORMATION ON MAGNETIC AND
MECHANICAL PROPERTIES OF 3Y-ZrO2/BaFel12019 COM-
POSITES: Yoshikazu Suzuki'; Masanobu Awano'; Naoki Kondo!; Tatsuki
Kondo!; 'National Industrial Research Institute of Nagoya, 1-1 Hirate-
cho, Kita-ku, Nagoya, Aichi 462-8510 Japan

3Y-ZrO2/BaFel2019 (barium M-type hexaferrite) composites were
fabricated by powder metallurgical processes, and their mechanical and
magnetic properties were evaluated. Plastic deformation on the com-
posites improved their mechanical and magnetic properties due to the
formation of anisotropic microstrucuture.
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10:45 AM
THE EFFECT OF IMPURITIES ON SLIDING BEHAVIOR IN SU-
PERPLASTIC Zn-22%Al1 ALLOY (PART 1): Kim Duong'; 'Univer-
sity of California, Irvine, Dept. of Chem. & Biochem. Eng. and Mats.
Sci., 916 Engineering Tower, Irvine, CA 92697-2375 USA

Present work was undertaken to study the effect of impurity content
on boundary sliding behavior in regions I, II, and III. In conducting the
investigation, three grades of Zn-22% Al were used: grades 1 and 2
contain 180 and 100 ppm of impurities, respectively, whereas grade 3 is
a high-purity grade containing 6 ppm of impurities. The experimental
results show that at intermediate strain rates (region II), the sliding
behavior of the three grades of Zn-22% Al is similar and that the
contribution of boundary sliding to the total strain, x, is about 60%. By
contrast, the experimental data reveal that at low stain rates, the three
grades exhibit significant differences regarding the sliding contribution.
These differences are manifested in the following observations: (i) § in
grade 3 at low strain rates is essentially equal to that at intermediate
strain rates (region II), (ii) & in grade 1 or 2 is considerably lower than
that at intermediate strain rates, and (iii) for the same low strain rate, &
in grade 2 is higher than that in grade 1. The above observations
regarding the effect of impurity level on boundary sliding behavior in
Zn-22% Al are consistent with the concept of the interpretation of
superplastic flow at low strain rates (low stresses) in terms of boundary
segregation.

11:10 AM
FORMATION OF CAVITY STRINGERS DURING SUPERPLAS-
TIC DEFORMATION: Ahmadali Yousefiani'; Farghalli A. Mohamed!;
'University of California at Irvine, Dept. of Chem. and Biochem. Eng.
and Mats. Sci., 916 Engineering Tower, Irvine, CA 92697-2575 USA
The Zn-22 pct Al eutectoid was utilized as a model material to
investigate cavity stringer formation during superplastic deformation.
Apart from an elevated testing temperature, the main requirement for
the occurrence of micrograin superplasticity in metallic systems is a fine
and stable grain size of less than 10 pm. Such a condition is easily
achieved in Zn-22 pct Al through solution treatment above the eutec-
toid temperature, followed by rapid quenching. Microstructural obser-
vations on Zn-22 pct Al following solution treatment have indicated
the presence of residual grain boundaries (referred to as former a bound-
aries). These former a boundaries (FOBs) represent domains that en-
compass groups of fine o (Al-rich) and B (Zn-rich) phases and consist of
fine elongated O grains. The present results show that, during superplas-
tic deformation, FaBs exhibit two primary characteristics: (a) they
serve as favorable cavity nucleation sites, and (b) they change their
orientation and become aligned with the tensile axis (i.e., they act as
natural tracers for superplastic flow). A comparison between the behav-
ior of FaBs and the characteristics of cavity stringers, which form in Zn-
22 pct Al and align parallel to the tensile axis during deformation, has
revealed a direct correspondence between the evolution of these two
substructural features. The findings, which are primarily based on quan-
titative correlations among the morphological features of FaBs (ex.
average size, alignment, and local deformation) and those of cavity
stringers (ex. total length and distribution during deformation), have not
only rationalized the origin of cavity stringers in Zn-22 pct Al, but also
provided a general explanation for cavity stringer formation under su-
perplastic conditions.

11:35 AM
THE INFLUENCE OF IMPURITY TYPE ON SUPERPLASTIC
FLOW AND CAVITATION IN Zn-22 PCT Al: Ahmadali Yousefiani';
Farghalli A. Mohamed!; 'University of California at Irvine, Depart-
ment of Chemical and Biochemical Engineering and Materials Sciences,
916 Engineering Tower, Irvine, CA 92697-2575 USA

The present investigation was conducted to study the effect of Cu, as
a selected impurity, on superplastic deformation and cavitation in Zn-
22 pet Al. The results show that Zn-22 pct Al-0.13 pct Cu exhibits two
primary characteristics: region I is absent and cavitation is not exten-
These characteristics, which are essentially similar to those re-
ported previously for high-purity Zn-22 pct Al but are different from
those documented for a grade of the alloy containing a comparable
atomic concentration of Fe, suggest that Cu has little or no tendency to
segregate at boundaries. Indirect evidence in support of this suggestion

sive.
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is inferred from studying the effect of impurities on former a boundaries
that form in the microstructure of Zn-22 pct Al as a result of solution
treatment above the eutectoid temperature. The findings have led to
the conclusion that, under the condition of superplastic deformation at
low stresses, the emergence of region I and the occurrence of cavitation
are controlled not only by impurity level but also by its type.

GENERAL ABSTRACTS: Session 2 - Ce-
ramic & Refractory Materials & Ceramic/

Metal Interfaces

Sponsored by: TMS

Program Organizers: Garry W. Warren, University of Alabama,
Dept. of Metals and Mas. Eng., Tuscaloosa, AL 35487-0202 USA,
Ray D. Peterson, IMCO Recycling, Inc., Irving, TX 75039 USA,;
Robert D. Shull, NIST, Bldg. 223 Rm. B152, Gaithersburg, MD
20899 USA

Monday AM
March 1, 1999

Room: 13
Location: Convention Center

Session Chairs: Viola L. Acoff, The University of Alabama, Dept. of
Metall. and Mats. Eng., Tuscaloosa, AL 35487-0202 USA; Samuel
Davis, TIMET, K-52, Henderson, NV 89009 USA

8:30 AM
NEW PORCELAIN BODIES IN THE SYSTEM OF HOLLOW
GLASS MICROSPHERES-QUARTZ-ALUMINOUS CEMENT:
Kunio Kimura'; Hiroshi Tateyama'; Noriyuki Yamada'; Kazuhiko Jinnai';
Weon-Pil Tai?; 'Kyushu National Industrial, 807-1 Shuku-machi, Tosu,
Saga 841-0052 Japan; 2Japan Small Business Corporation, Information
and Technology Depart., Toranomon, Minato-ku, Tokyo 105-8453
Japan

New porcelain bodies with lightweight and high-strength properties
were fabricated using non-plastic raw materials, such as hollow glass
microspheres, quartz and constant content of 20wt% aluminous ce-
ment. Hollow glass microspheres were produced using natural volcanic
glass particles by heat treatments. Green strength became constant with
hydration time ranges of 24h. The phases formed by heat treatment at
1300YC for 1h were alpha-quartz, alpha-cristobalite, anorthite, glass and
a small amount of alpha-Al203. The characteristics of the fired body of
40wt% hollow glass microspheres - 40wt% quartz - 20wt% alminous
cement body were as follows; flexural strength was about 60MPa, bulk
density was about 2.0g/cm3 and water absorption was almost 0%. This
work was supported by Japan Small Business Corporation, as part of the
Creative and Fundamental R&D Program for SMEs.

8:55 AM
GELCASTING FOR QUARTZ-ALUMINA SUSPENSION BY US-
ING TWO-FLUID NOZZLE: Noriyuki Yamada'; Kunio Kimura!;
Hiroshi Tateyama'; Kazuhiko Jinnai'; Weon-Pil Tai2; 'Kyushu National
Industrial Research Institute, 807-1 Shuku-machi, Tosu, Saga 841-0052
Japan; 2Small Business Corporation, Information and Technology De-
part., Toranomon, Minato-ku, Tokyo 105-8453 Japan

Gelcasting method was attempted to quartz-alumina suspension using
gelatin as a gelation substance. Glutaraldehyde and formaldehyde were
used as an agent of crosslinking of the gelatin. Two-fluid nozzle was used
for casting of the suspension into the mold, because it was simulta-
neously able to feed both of the suspension and the crosslinking agent.
The influence of composition of the suspension on the gelation time
and the toughness of the green body were investigated in this study. The
suspension was flowed downward into the mold in order to fill all the
space of the mold. A retard agent for gelation was added with vibrating
and tapping of the mold. Solidification time was shortened with increas-
ing additives, such as the gelatin, the crosslinking agent and the retared



agent. Green body with the same physical properties as an ordinary
plastic green body was obtained by using two-fluid nozzle. In this case,
solidification time was less than 30 minute. This work was supported by
Japan Small Business Corporation, as part of the Creative and Funda-
mental R&D Program for SMEs.

9:20 AM
INTERFACIAL REACTIONS BETWEEN Cu and Al1203 DURING
EUTECTIC BONDING: Seonghoon Yi'; Kevin P. Trumble!; David R.
Gaskell!; !'Purdue University, School of Mats. Eng., 1289 MSEE Bldg.,
West Lafayette, IN 47907-1289 USA

The interfacial reactions between Cu and Al203 which occur during
the eutectic bonding process have been examined metallographically to
determine the conditions required for the formation of CuAlO2. The
experimentally-determined invariant state in which solid and liquid cop-
per, CuAlO2 and AI203 are in equilibrium was found to be in good
agreement with that calculated from independent thermodynamic data.
At lower temperatures the CuAlO2 phase forms as isolated accicular
needles and at higher temperatures no CuAlO2 was observed to form at
the interface between A1203 and hypo-eutectic melts in the system Cu-
O. Partial isothermal sections of the phase diagram for the system Cu-
Al-O have been constructed from observed microstructures.

9:45 AM
USE OF METALLIC-GLASSES IN CERAMIC-METAL JOINING:
Rajendra U. Vaidya'; Partha Rangaswamy'; Mark A. M. Bourke'; Darryl
P. Butt'; 'Los Alamos National Laboratory, Materials Science Division,
Mail Stop G 755, Los Alamos, NM 87545 USA

Residual stresses due to mismatch in elastic and thermal expan-
sion properties in ceramic-metal joints can lead to failure at the inter-
face or within the brittle ceramic. Low temperature brazing techniques
coupled with ductile interlayers alleviate this problem. However, the use
of precious metal based brazes and the incorporation of the interlayer
add to the complexity and cost of the joining process. To overcome
these problems, we propose the use of metallic-glass brazes. This is a
new idea that will eliminate the need for separate interlayers in ceramic-
metal joining. Metallic-glasses can be bent and twisted into complicated
geometries. Since they melt more uniformly and at lower temperatures
(compared to the base metal from which they are derived), diffusion and
dissolution at the joint is enhanced and should provide greater joint
strengths. Furthermore, metallic-glasses are cheaper than conventional
brazes which can consist of large amounts of precious metals such as gold
and silver. We present the results of our preliminary joining experi-
ments using metallic glasses. Stainless steel 316L and molybdenum
disilicide were successfully brazed using a cobalt based metallic glass.
Issues pertaining to the interfacial chemistry, joint strength and residual
stresses are presented here.

10:10 AM
ACTIVE BRAZING OF ALUMINA WITH VANADIUM ADDI-
TIONS*: F. Michael Hosking'; Chuck H. Cadden'; S. Jill Glass'; John J.
Stephens!; Paul T. Vianco!; Chuck A. Walker!; !'Sandia National Labora-
tories, P.O. Box 5800, MS1411, Albuquerque, NM 87185 USA

The development of active brazing for engineered ceramics requires
a fundamental understanding of the braze microstructure and interfacial
reactions. This presentation discusses the materials and processing is-
sues associated with brazing alumina and cermet in hydrogen with V-
containing active filler metals. The alloys were based on the Au-18Ni
system. Wetting behavior, braze microstructure, and tensile strength
were studied. Wetting was generally good, although braze flow was lim-
ited. SEM/TEM analysis identified a spinel reaction at the braze inter-
face. Most joints were hermetic. Tensile response was also good. The
94% alumina samples had a nominal strength of 90-100 MPa, with
failures in the ceramic or at the braze interface. * Sandia is a multiprogram
laboratory operated by Sandia Corporation, a Lockheed Martin Com-
pany, for the United States Department of Energy under Contract DE-
AC04-94AL85000.

10:35 AM

BONDING REFRACTORY METALS BY PLASMA ACTIVATED
SINTERING AND ITS EVALUATION: Shin-ichi Sumi'; Yoshiki
Mizutani'; ZhengMing Sun'; Toshihiko Abe'; !'Tohoku National Indus-
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trial Research Institute, Materials Engineering Division, 4-2-1, Nigatake,
Miyagino-ku, Sendai, Miyagi 983-8551 Japan

Purpose of this research is to make the ion gun parts (arc chamber)
of ion implantation devices by bonding method by plasma activated
sintering. Usually, molybdenum is used for the parts. With increasingly
high integration in IC memory, the problem of contamination of wafer
due to molybdenum arose and therefore the parts made of tungsten are
preferred by the industries. However, tungsten is too hard to be formed
into the parts by conventional machining process. The bonded joints of
tungsten in the different bonding conditions were evaluated by an opti-
cal microscope, an ultrasonic imaging and four point bending test. As a
result, bending strength of the joints with interlayer of tantalum powder,
tungsten powder and without any interlayer was measured to be about
400, 200 and 100MPa, respectively.

11:00 AM
THERMAL SPRAY AND MECHANICAL PROPERTIES OF
NANOSTRUCTURES OXIDE COATINGS: Leon L. Shaw'; Ruiming
Ren!; Daniel Goberman!; Maurice Gell!; Stephen Jiang?; You Wang?; T.
Danny Xiao?; Peter R. Strutt?, !'University of Connecticut, Institute of
Mats. Sci., Stores, CT 06269; 2Inframat Corporation, North Haven, CT
USA

Nanostructure coatings can provide significant improvements in wear
and erosion resistance deriving from enhanced hardness and toughness.
In this paper, Al203 - 13 wt.% Ti02 coating formed via thermal spray
approach using reconstituted nanosized Al203 and Ti02 powder feeds
are described. The microstructure, microhardness, indentation tough-
ness, grain size and wear resistance of the coatings from the reconsti-
tuted nano-powder feeds have been characterized and compared to those
obtained from commercial coating counterparts. The properties of the
coating obtained from reconstituted nano-powder feeds are discussed
and related to thermal spray conditions.

11:25 AM
METALLOTHERMIC PREPARATION OF SILICON FROM LO-
CAL RAW MATERIALS: S.Z. El-Tawil'; K.A. El-Barawy'; .M. Morsi!;
M.M. Nasr!; M.R. El-Dessouki!; !Central Metallurgical R & D Institute,
P.O. Box 87, Helwan, Cairo, Egypt

Silica is the main raw material for the production of silicon metal. In
Egypt, there are huge amounts of silica raw materials such as white
sands, quartz and quartzite at different localities varying in geological
amounts of reserves and grades in Eastern Desert and Sinai Peninsula.
Also, there are secondary resources of silica produced as dust from the
ferrosilicon plants at Idfu (EFACO) and Aswan (KIMA), Egypt. The
diversity of important applications of elemental silicon and its com-
pounds has led to the development of different processes for its prepa-
ration depending on the required quality of the end product. Commercial
application of feasible process for the production of silicon metal is of
a vital importance to the national economy. Also, the exploitation of
the natural resources such as silica for the production of such important
product to substitute the imported one and supply the local market
needs, thus saving hard currency, is profitable and essential. The recent
study dealt with the processing of local primary and secondary silica
resources for the preparation of silicon metal using the aluminothermic
reduction technique (thermite process). This process proceeds without
the use of electric furnaces and employs simple and cheap equipment. It
consists of three stages; firstly, aluminothermic reduction of silica to
prepare Al-Si alloys with a silicon content > 50%; secondly, recovery of
elemental silicon from the produced alloys by hydrochloric acid leach-
ing; and thirdly, refining of produced silicon by an additional leaching
with acid mixtures. The operating technical parameters affecting the
preparation process were studied. Polycrystalline silicon of ~99.99%
purity has been prepared as a final product and was examined by X-ray
diffraction, scanning electron microscopy and inductively coupled plasma-
emission spectrometry (ICP-ES).
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HIGH-TEMPERATURE SUPERCONDUC-
TORS: SYNTHESIS, FABRICATION AND
APPLICATION: YBCO Superconductors

Sponsored by: Electronic, Magnetic & Photonic Materials Division,
Structural Materials Division, Superconducting Materials Committee
Program Organizers: U. Balu Balachandran, Argonne National
Laboratory, 9700 S. Cass Ave. Bldg. 212, Argonne, IL 60439 USA,;
Pradeep Haldar, Intermagnetics General Corporation, 450 Old
Niskayuna Rd., Latham, NY 12110 USA; Chandra Pande, Naval
Research Lab, Mats. Sci. & Tech. Div, Washington, D.C. 20375-5000
USA

Monday AM
March 1, 1999

Room: 18
Location: Convention Center

Session Chairs: Paul J. McGinn, University of Notre Dame, Dept. of
Chem. Eng., Notre Dame, IN 46556 USA; Donglu Shi, University of
Cincinnati, Dept. of Mats. Sci. & Eng., Cincinnati, OH 45221-0012
USA

8:30 AM INVITED PAPER
CATION SUBSTITUTION, SECOND PHASE PRECIPITATION,
SUPERCONDUCTIVITY, AND FLUX PINNING IN LR1+xBa2-
xCu307: Ralph William McCallum'; Hengning Wu!; Mathew J. Kramer!;
Kevin W. Dennis!; 'Iowa State University, Ames Laboratory, 106
Wilhelm, Ames, IA 50011 USA

Unlike YBa2Cu307+d which forms only a stoichiometric compound,
the light rare earth (LRE) elements form a solid solution of LRE1+xBa2-
xCu307+d (LRE123ss) with increasing substitution of the rare earth for
Ba2+ as the ionic radii of the rare earth increases. The effects of oxygen
partial pressure (Po2) on the solubility limits of LRE123ss (LRE = Pr,
Nd, Sm, Eu, and Gd ) were studied by differential thermal analysis, X-ray
diffraction and measurement of superconducting transition temperature
(Tc). An understanding of the Po2 and temperature dependence of the
solubility limits will not only provide guidelines for obtaining high Tc in
LRE123ss but also clarify the flux pinning mechanism in these systems.
For LRE= Nd, Sm, Eu and Gd, varying the Po2 between high and low
temperature heat treatments allows the precipitation of a non super-
conducting second phase. If the distribution of this phase is properly
controlled as is easily accomplished for Nd, the microstructure results in
enhanced flux pinning.

8:50 AM INVITED PAPER
DEPOSITION OF C-AXIS TEXTURED YBa2Cu30x ON A FLEX-
IBLE METALLIC SUBSTRATE THROUGH DIRECT PERITECTIC
SOLIDIFICATION: Donglu Shi'; Dehui Qu'; Xuejun Wen'!; Brian A.
Tent'; Mike Tomsic?;, !'University of Cincinnati, Dept. of Mats. Sci. and
Eng., 493 Rhodes Hall, Cincinnati, OH 45221-0012 USA; 2Plastronic
Co., 11641 N. Dixie Dr., Tipp City, OH 45371 USA

Previous work in the development of YBa2Cu30x (YBCO) super-
conducting wires and tapes has been focused on the deposition of YBCO
on buffered metallic substrates. Although such an approach has proved
successful in terms of achieving grain texturing and high transport cur-
rent density, critical issues involving continuous processing of long length
conductors and stabilization of the superconductor have not yet been
entirely settled. We have developed a novel process, the so-called direct
peritectic growth (DPG), in which textured YBCO thick films have been
successfully deposited directly onto a silver alloy substrate. No buffer
layer is employed in the film deposition process. The textured YBCO
grains have been obtained through peritectic solidification over a wide
range of temperatures and times. The substrate materials have not
demonstrated any observable reaction with the YBCO melt at the maxi-
mum processing temperature near 1010YC. The transport Jc has reached
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a respectable value of 104 A/cm?2 at 77 K and zero magnetic field. Based
on the experimental results in this work, we show that the DPG method
offers an effective alternative for the fabrication of long-length YBCO
conductors. Also reported is a physical explanation of the texturing
mechanism on the metal substrate.

9:10 AM INVITED PAPER
THERMAL CYCLE METHOD FOR OBTAINING LARGE 123
SINGLE DOMAINS: Rudi Cloots'; Frangoise Auguste!; Paulette Clippe?;
Nicolas Vandewalle?; Marcel Ausloos?; 'University of Liege, SUPRAS,
Institute of Chemistry, B6, Liege B-4000 Belgium; 2University of Liege,
SUPRAS, Institute of Physics, B5, Liege B-4000 Belgium

Numerical and experimental investigations of a new method allow-
ing for the growth of large 123 single domains have been implemented.
The process is based on the hypothesis that large grain coarsening occur
when the system is slightly remelted after the initial cooling below the
peritectic temperature. Various isothermal and variable temperature
conditions have been investigated. For comparison seeding processing
conditions have been considered. Microstructural investigations have
been performed.

9:30 AM INVITED PAPER
MAPPING LOCAL MAGNETIC, OPTICAL AND MAGNETO-
OPTICAL CHARACTERISTICS OVER THE SURFACE OF A MELT
TEXTURED HIGH-Tc SUPERCONDUCTOR: Valter Strom!; K. V.
Rao'; B. Balachandran?; T. H. Johansen’; M. Baziljevich’; 'Royal Institute
of Technology, Dept. of Condensed Matter Physics, Stockholm SE 100
44 Sweden; 2Argonne National Laboratories, Ceramics and HTSC, Argonne,
IL 60439 USA; 3University of Oslo, Physics, Oslo 0316 Norway

A new method to determine and map local susceptibility over a
submicron range of surfaces has been developed using a pair of reade/
write Head probe. By this approach we determine and map over a large
area the local magnetic anisotropy and its evolution with temperature,
both below and above the superconducting transition in a HTSC. In our
studies of a bulk melt quenched YBCO we find that only the ‘in-phase’
uniaxial fundamental suceptibility is uneffected by the temperature and
is precisely related to the local crystal orientation. By mapping the
higher harmonics of the suceptibility we determine the distribution of
Tc, as well as the critical current Jc over the surface. The susceptibility
studies are then compared with MOKE-imaging investigations of the
same surface. Thus a correspondence between the boundaries of differ-
ent crystal orientation and the penetrating magnetic fields is now pos-
sible. Our approach provides a universal approach to map and interpret
local magnetic, optical and magneto-optical properties of a surface.

9:50 AM INVITED PAPER
EFFECTS OF GROWTH CONDITIONS ON SUPRECONDUCTING
PROPERTIES OF MELT GROWN (Sm Gd, )-Ba-Cu-O SUPER-
CONDUCTORS: Seok-Jong Seo!'; Naomichi Sakai!; Masato
Murakami!; 'SRL-ISTEC, Div. 3, 16-25, Shibaura 1-Chome, Minato-ku,
Tokyo 105 Japan

REBa2Cu30y (RE123, RE; Nd, Sm, Eu, Gd) and their intermixture
compounds are known to exhibit high Tc with sharp superconducting
transition and large Jc in high fields at 77 K when they are melt-pro-
cessed in a reduced oxygen atmosphere. In this study, we systematically
investigated the growth rates, microstructures, the distribution of
(SmxGd1-x)211 phase and superconducting properties (Tc and Jc-B) of
the binary mixed (SmxGd1-x)123 bulk superconductors melt-processed
under various conditions. The melt process was performed with/without
Nd-Ba-Cu-O seed crystals in 1%02-Ar atmosphere. The growth rates of
melt-grown (SmxGd1-x)123 bulks showed an increasing trend with in-
creasing undercooling. The Jc-B properties of melt-grown (SmxGdl1-
x)123 bulks were sensitive to x, while Tc was almost independent of x.
It was also found that Nd-Ba-Cu-O seeds were effective in fabricating
textured (SmxGd1-x)123 single grains. This work was partially sup-
ported by NEDO.

10:10 AM BREAK
10:20 AM INVITED PAPER

FABRICATION AND MICROWAVE PROPERTIES OF YBa,Cu,0,
FILMS ON BUFFERED POLYCRYSTALLINE COPPER SUB-



STRATES: Kyoko Kawagishi'; Kazunori Komori!; Masao Fukutomi!;
Kazumasa Togano!; Jian-Fei Liu?; Shigemi Inagaki2;, Kiyomitsu Asano?;
Eiji Ezura?, 'National Research Institute for Metals, 1st Research Group,
1-2-1 Sengen, Tsukuba-shi, Ibaraki 305-0047 Japan; 2High Energy Ac-
celerator Research Organization, Accelerator Research Group, 1-1 Oho,
Tuskuba-shi, Ibaraki 305-0801 Japan

For some microwave applications of high-temperature supercon-
ducting films, use of polycrystalline substrates might be desirable. We
fabricated YBa,Cu,0, (YBCO) thin films on buffered Cu substrates using
a vapor plating technique. The application of tri-buffer layers; chro-
mium, amorphous yttria-stabilized zirconia (YSZ), and in-plane tex-
tured YSZ layers was attempted to solve the problem of the chemical
and structural mismatches between YBCO and Cu. The amorphous YSZ
worked successfully as a stress relaxation layer, resulting in excellent
adhesion at the interface between the textured YSZ and Cr layers. The
textured YSZ layers were deposited by a modified bias sputtering (MBS)
technique we previously proposed. Microwave surface resistance, Rs of
YBCO films obtained was measured using a dielectric resonator tech-
nique at 13 GHz. The lowest Rs attained so far was 4 mQ at 77 K. A
strong correlation was observed between the Rs and the in-plane textur-
ing of the YBCO films. More effort is underway to reduce the surface
resistance of YBCO films by improving the degree of texturing of MBS-
YSZ buffer layers. These results are encouraging for potential cavity
applications of these materials.

10:40 AM INVITED PAPER
THE EFFECTS OF Mg-Ce ADDITIONS ON THE MAGNETIC PROP-
ERTIES OF TEXTURED YBa2Cu307: Paul J. McGinn'; Sharon C.
Yeung'; 'University of Notre Dame, Dept. of Chem. Eng., 178
Fitzpatrick, Notre Dame, IN 46556 USA

The effects of BaCeO, additions in combination with MgO addi-
tions on the magnetic properties of melt textured YBa,Cu;0,, have
been investigated. The additions lead to improvements in the magnetic
properties of YBa,Cu,0,, compared to samples with either addition
alone or with no additions. The Ce-Mg addition combination produces
a “peak effect” in the magnetic hysteresis loop. This is postulated to be
due to the formation of pinning centers. Both Ce and Mg ions are
thought to substitute in the YBa,Cu,0,, lattice, creating defects that
produce a “peak effect” in the magnetic hysteresis loop. Mg additions
alone lead to a reduced Tc, while Ce additions restore the Tc and enhance
the magnitude of the peak. Similar effects have also been observed in
ErBa,Cu,0,, doped with the Ce-Mg combination.

11:00 AM
MANIPULATION OF YBa2Cu307-x THICK FILM PROCESS-
ING TO GIVE IMPROVED MICROSTRUCTURAL CHARACTER-
ISTICS: Jason B. Langhorn'; Paul J. McGinn'; 'University of Notre
Dame, Dept. of Chem. Eng., South Bend, IN 46656 USA

It is apparent from the characterisation of superconducting
YBa2Cu307-x (YBCO) thick films processed by melt texturing on yttria-
stabilised zirconia substrates that the microstructural properties are highly
dependent upon the stoichiometry of the precursor powder. Increased
grain sizes and texture have been observed in thick films processed both
by a modified powder melt process (PMP) and a solid-liquid melt-growth
(SLMG) method. These processes involve the use of BaCuO2 / CuO /
Y2BaCuOS$5, and BaCuO2 / CuO / Y203 precursors respectively, mixed
in the cationic ratio of 1Y: 2Ba: 3Cu. Cross sectional analysis of such
films has also shown a decreased size and increasingly homogeneous
distribution of Y2BaCuOS5 (211) particles throughout the matrix with
respect to films processed from YBCO precursors. It has also been
proposed that the spherulitic nucleation and growth characteristics of
YBCO thick films, melt processed on yttria-stabilised zirconia (YSZ)
substrates, occurs due to the reaction of the melt with the YSZ. By the
manipulation of the substrate film interface it has been shown that the
position at which nucleation of the spherulites occurs can be controlled.

11:20 AM INVITED PAPER

FLUX-PINNING-INDUCED MAGNETOSTRICTION AND INTER-
NAL STRESS DISTRIBUTIONS IN BULK SUPERCONDUCTORS:
Tom H. Johansen'; Jens Lothe!; !'University of Oslo, Dept. of Phys.,
P.O. Box 1048 Blindern, Oslo 0375 Norway
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The magneto-elastic behavior of (RE)Ba2Cu30x, which today can
be grown with melt-texturing to large-size monoliths, is an important
issue for their use in high-field applications like trapped-field magnets
etc. A severe problem with high-field conditions is that the pinning-
induced stresses easily grow to values that will cause material fracture.
We have investigated theoretically the irreversible behavior of stress
and strain in two realistic geometries; a thick superconductor of circular
(1) and square (ii) cross-section. In contrast to case (i), where the circular
shape is conserved, the non-central bodyforces in case (ii) are shown to
generate large shape distortion with a wide variety of deformation types.
Exact analytical results for the quantitative deformation and internal
stresses are presented. Special emphasis is put on the magnetized states
with large tensile stress, where cracking easily destroys the usefulness of
the monoliths because the supercurrent loops shrink in size and reduce
the total magnetic moment.

11:40 AM INVITED PAPER
EVOLUTION OF CUBE-TEXTURE IN LAMINATED Ni/Ag/SS310S
SHEET: Hee-Gyoun Lee'; GyeWon Hong'; 'Korea Atomic Energy
Research Institute, Functional Materials Laboratory, P.O. Box 105,
Yusong, Taejon 305-600 Korea

Strong metallic substrate having (100)<001> cube texture was suc-
cessfully fabricated by joining of three different metal sheets followed
by cold rolling and texture anneal. Joining of Ni and stainless steel was
performed by vacuum brazing method using Ag as filler metal. After
heat treating the thin Ni/Ag/SS310S sheet at 900YC for 2h, Ni (111)
pole figure for the nickel surface demonstrated the development of
(100)<001> cube texture. Quantitative chemical analysis of EPMA was
made for the cross-section of the Ni/Ag/SS310S sheet. EPMA results
showed that Ag diffusion into the Ni layer, which may suppress the cube
texture development, was negligible. Small amount of Cr, Fe atoms was
detected in the Ni layer. It showed that the role of Ag as a chemical
barrier of alloying element atoms in Ni layer for the Ni/Ag/SS310S sheet
was successful so that strong cube texture was developed for the Ni layer
in the Ni/Ag/SS310S sheet.

HIGH TEMPERATURE COATINGS IlI: Ther-

mal Barrier Coatings - |

Sponsored by: Materials Processing and Manufacturing Division,
Surface Engineering Committee; Jt. ASM International: Materials
Science Critical Technology Sector/TMS Structural Materials Division,
Corrosion and Environmental Effects Committee

Program Organizers: Janet Hampikian, Georgia Tech, School of
Mats. Sci. & Eng., Atlanta, GA 30332-0245 USA; Narendra B.
Dahotre, University of Tennessee Space Institute, Ctr. for Laser
Applications, Tullahoma, TN 37388 USA

Monday AM
March 1, 1999

Room: 19
Location: Convention Center

Session Chairs: William P. Allen, Pratt Whitney, East Hartford, CT
USA; Janet M. Hampikian, GA Institute of Technology, School of
Mats. Sci. and Eng., Atlanta, GA 30332-0245 USA

8:30 AM OPENING REMARKS

8:35 AM KEYNOTE
MICROSTRUCTURAL STUDIES OF THERMAL BARRIER COAT-
INGS: Manfred Ruhle'; E. Schumann'; E. Sommer!; !'Max-Planck-
Institut Fur Metallforschung, Seestrasse 92, Stuttgart D-70174 Ger-
many

The performance of thermal barrier coatings is determined predomi-
nantly by the behavior of the 1pm thick oxide scale, formed beneath the
zirconia layer. Several factors may affect the cracking behavior of that
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interface. These factors include the composition of the alloy substrate
and the coating as well as thermal stresses. Studies by advanced TEM
techniques reveal the microstructure, composition, and bonding at the
interfaces and regions close to interfaces in that area. The results will be
reported and discussed using different models which are required for an
explanation of the failure behavior. Migration of metal elements (of
the bond coat) into the metallic substrate, segregation to the interface
between the bond coat and the oxide scale and formation of stresses in
the scale and formation of stresses in the scale are expected to play a
major role.

9:05 AM
PLASMA PROCESSING OF EB PYD THERMAL BARRIER COAT-
INGS TO REDUCE THERMAL CONDUCTIVITY: J. R. Nichols?; K.
J. Lawson?; D. S. Rickerby?; P. Morrel3; M. B. Henderson!; 'Defence
Evaluation and Research Agency, Structural Materials Centre, Griffith
Bldg., Ively Rd., Farnborough, Hampshire GU14 OLX UK; 2Cranfield
University, School of Indust. and Manuf. Sci., Cranfield, Bedford MK43
OAL UK; 3Rolls Royce PLC, Surface Eng. Group, P.O. Box 31, Derby
DE24 8BJ UK

EB-PVD thermal barrier coatings (TBC’s) are extensively being re-
searched as a coating system that can be applied to rotating components
within the modern gas turbine. The electron beam, physical vapour
deposited coatings have a columnar microstructure, which provides strain
tolerance, and can reduce metal surface temperatures by up to 150YC.
The measured thermal conductivity of this type of coating is typically
1.8 2.0 W/mK, falling short of the values reported for plasma sprayed
ceramics (0.9 1.0 W/mK). This paper examines the role of the EBPVD
ceramic microstructure on the thermal conductivity, reviews methods
by which the thermal conductivity can be reduced, and then demon-
strates that by introducing layers within the columnar microstructure
the thermal conductivity of the EB-PVD TBC can be reduced 30 - 40%.
The layers are introduced by plasma enhanced, electron beam physical
vapour deposition. The benefits of such layered structures in scattering
the thermal wave is discussed.

9:25 AM
ON THE EVOLUTION OF TEXTURE AND POROSITY IN EB-PVD
TBCs: Scott G. Terry'; Jennifer R. Litty'; Carlos G. Levi'; !University
of California, Mats. Dept., Bldg. 503, Rm. 1355, Santa Barbara, CA
93117 USA

Thermal barrier coatings (TBCs) grown by electron-beam physical
vapor deposition (EB-PVD) exhibit rather unique microstructures con-
sisting of crystallographically aligned columnar grains, separated by
long ribbonlike voids at the columnar boundaries and containing
intracolumnar porosity at a much finer scale. The pattern and distribu-
tion of porosity influence the coating compliance, and hence its resis-
tance to spallation, as well as the thermal conductivity, and hence the
requisite thickness for a given degree of insulation. Crystallographic
texture, in turn, bears on the column shape and, in principle, on the
characteristics of the porosity. The present study aims to advance our
understanding of the evolution of these microstructural features during
growth. Deposition of 7%YSZ TBCs has been performed on stationary
and rotating substrates at temperatures of ~900-1100°C. Results will be
presented illustrating the effects of substrate temperature and vapor
incidence angle on the crystallography of growth, and the content and
distribution of inter- and intra-columnar porosity. Particular emphasis
will be placed on the role of substrate rotation in microstructure evolu-
tion.

9:45 AM
DURABILITY, BOND STRENGTH AND BOND STRESS FOR FIVE
PRODUCTION THERMAL BARRIER COATINGS: Maurice Gell;
Eric Jordan!; !'University of Connecticut, Metall. and Mats. Eng., 97
North Eagleville Rd., U-136, Storrs, CT 06269-3136 USA

Bond strength and bond stress were determined for five production
thermal barrier coatings as a function of furnace thermal cycling to
1121YC (2050YF). Of the five coatings, two were deposited by electron
beam physical vapor deposition and three by air plasma spray. Bond
coats include vacuum plasma sprayed MCrAlYs and a platinum aluminide.
Bond strengths were measured as a function of thermal cycling using a
modified ASTM direct pull test. The spallation failure mode in the
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direct pull test duplicated the failure mode in the thermal cycle test and
in field service for each of the coatings. Bond stresses were determined
in the thermally grown oxide as a function of thermal cycling using laser
photostimulated luminescence. Changes in bond strength and stress will
be related to localized compositional and microstructural changes, and
to initiation and progression of interface debonding. The fracture lives
of the five coatings will be compared and related to the initial and cyclic
values of bond strength and stress.

10:05 AM BREAK

10:25 AM
THERMAL STABILITY OF AN EB-PVD THERMAL BARRIER
COATING SYSTEM ON A SINGLE CRYSTAL NICKEL-BASE
SUPERALLOY: U. Kaden?;, C. Leyens'; M. Peters?; W. A. Kaysser?;
10ak Ridge National Laboratory, Corrosion Science and Technology
Group/Metals and Ceramics Division, P.O. Box 2008, Bldg. 4500, M.S.
6156, Oak Ridge, TN 37831-6156 USA; 2DLR-German Aerospace Cen-
ter, Institute of Materials Research, Cologne Germany

Commercial thermal barrier coating (TBC) systems consist of a
metallic bond coat deposited on a nickel-base superalloy substrate and a
ceramic top coating. For optimal performance, the bond coat has to
serve two purposes: 1) provide oxidation protection to the substrate
alloy and 2) safely bond the ceramic top coating to the metal compo-
nent. Both tasks are essentially performed by the alumina layer between
the TBC and the bond coating, which is initially formed during coating
processing and grows during service. In the present study, the interac-
tion between the four components of a TBC system, substrate, bond
coating, alumina scale and ceramic top coating will be discussed with
respect to interdiffusion phenomena and their effects on the micro-
structure and chemical composition of the respective layers. The TBC
system investigated consists of commercial single-crystal superalloy
CMSX-4 (trademark of Cannon Muskegon), EB-PVD Ni-22Co0-20Cr-
12A1-0.1Y (wt.%) bond coating and EB-PVD 7wt.%YSZ TBC. Expo-
sure to air at 1100 and 1200YC for up to 1000h revealed that consider-
able interdiffusion occurred between the substrate and the bond coating
leading to precipitation of refractory-element rich plates and needles in
the interdiffusion zone. Furthermore, diffusion of elements from the
substrate through the bond coat into the alumina scale was observed to
influence TBC adhesion.

10:45 AM
PHASE FORMATION AND CRYSTAL STRUCTURE IN REAC-
TIVELY SPUTTER DEPOSITED ZIRCONIA AND YTTRIA STABI-
LIZED ZIRCONIA (YSZ) COATINGS: Z.Ji'; J. M. Rigsbee'; 'Uni-
versity of Alabama at Birmingham, Dept. of Mats. and Mech. Eng.,
Birmingham, AL 35294-4461 USA

A series of zirconia-yttria (0 - 4.5 mol% Y,0;) coatings were pro-
duced by reactively sputtered elemental zirconium and yttrium targets in
an argon and oxygen plasma. Phase formation and crystal structure as
a function of substrate bias and Y,O, content were investigated by x-ray
diffraction (XRD) and transmission electron microscopy (TEM) tech-
niques. The results showed that the crystal structure of pure zirconia
coating changed from random equilibrium monoclinic, to random meta-
stable tetragonal and finally strong (111) oriented tetragonal crystalline
when the substrate bias was varied from 0 to -850 V. Furthermore, a
highly (111) preferred orientation of tetragonal and cubic zirconia was
found in 2.0 mol% and 4.5 mol% Y,O; zirconia coatings, respectively,
and each of these coatings was grown by sputtering with an applied
substrate bias of -400 V. XRD and TEM analyses revealed that biased-
sputtering could effectively decrease crystalline size in the as-deposited
coating, which resulted in room temperature stabilization of the meta-
stable tetragonal phase. XRD analysis of annealed coatings showed that
the cubic phase was retained at temperatures up to 1200 YC. Conversely,
transformation of the tetragonal to monoclinic phase occurred during
annealing, with the fraction transformation being dependent on bias
potential, annealing temperature and Y,O; content.

11:05 AM

MECHANICAL PROPERTIES OF NANOSTRUCTURED ZIRCO-
NIA MOCVD THERMAL BARRIER COATINGS*: Ronald J.
DiMelfi'; Guido Soyez?; Jeffrey A. Eastman2; Loren J. Thompson?; John



M Kramer!; !'Argonne National Laboratory, Engineering Research, RE-
208, 9700 S. Cass Ave., Argonne, IL 60439-4803 USA; 2Argonne Na-
tional Laboratory, Mats. Sci., MSD-212, 9700 S. Cass Ave., Argonne, IL
60439-4803 USA

Nanocrystalline yttria stabilized zirconia (YSZ) coatings have been
deposited on appropriate metallic substrates by metal organic chemical
vapor deposition (MOCVD) processing. Nanoscale grain-size process-
ing of these coatings is a promising method of enhancing their thermal
resistance, and thereby rendering them more efficient thermal barrier
coatings. However, it is important that such coatings be strong, tough
and adherent to the substrate. Nanocrystalline ceramics can be both
stronger and tougher than their conventionally grain-sized counter-
parts, and enhanced mass transport in these materials can improve
bonding. Miniaturized disk bend testing is used to probe, in a single test,
both the strength and adhesion of these coatings. This test is performed
in a way that allows one to determine the stresses at which the coating
fractures and at which delamination occurs. The results will be reported
in relation to findings on the mechanical behavior of conventional YSZ
thermal barrier coatings. *This work was performed under the auspices
of the United States Department of Energy Technology Support Pro-
grams and Basic Energy Sciences, Division of Materials Science, under
Contract No. W-31-109-ENG-38 and by a grant from Argonne’s Coor-
dinating Council for Science and Technology.

11:25 AM
SURFACE APPEARANCE CHARACTERIZATION OF THERMAL
BARRIER COATINGS OF COMBUSTION COMPONENTS:
Javaid Qureshi'; Robert Greenlaw?; !'Westinghouse Electric Corpora-
tion, 4400 Alafaya Trail Quadrangle, Orlando, FL 32826-2399 USA;
2Sermatech International, Sugar Land, TX USA

Combustion turbine (CT) components are coated with Yttria stabi-
lized zirconia (YSZ) by plasma spray processes to increase component
life. Plasma spray coating process variables are known to affect the
coating quality and surface appearance of coated components. The
typical surface quality and surface appearance of YSZ in the as-sprayed
condition is antique white; however, minor variations in the spray con-
ditions change the appearance from and antique white to a gray color.
The gray surface appearance on coated CT components raises concerns
regarding coating quality, thickness and service performance. To resolve
these concerns, a comparative study of metallography, oxidation, X-ray
diffraction, and quantitative oxygen analysis between specimens of dif-
fering surface appearance was conducted. Coating parameters were
modified to produce specimens with varying surface appearances. A
qualitative discussion of the parameter effect on surface appearance is
presented. This analysis concluded that a minor variation in oxygen
content and a phase variation in the top ceramic coating contributed to
the gray color. No correlation between the surface appearance and the
coating quality and thickness was observed. The coated components
have been exposed to units and service performance is being evaluated.

11:45 AM
INVESTIGATION OF DAMAGE MECHANISMS IN THERMAL
BARRIER COATINGS BY ACOUSTIC EMISSION: H. Echsler!;
M. Shutze', 'Karl-Winnacker-Institut der DECHEMA e.V., Theodor-
Heuss-Allee 25, Frankfurt, am Main 60486 Germany

The life-time of thermal barrier coating systems is determined by
fracture processes in the region between bond coat and ceramic top coat
which are strongly influenced by the oxidation processes going on at
service temperature. In order to assess the quantitative effect of oxida-
tion on the mechanical behavior of TBC systems an investigation tech-
nique has been developed which combines a modified 4-point-bending
test at temperatures up to 1100YC with in-situ acoustic emission mea-
surements. Mechanical data are measured by a load cell and a strain
gauge yielding stress-strain data which are converted into data describing
the load strain situation in the layered system with the help of finite
element calculations. The load/strain situation is correlated with the
acoustic emission data which allows the determination of critical levels
for layer fracture (cracking, detachment, spallation, etc.). Analyzing
the characteristic AE-data like energy, rise-time, signal duration, etc.
yields information on the type of failure mechanism. The tests are
performed after different preoxidation times taking into account the
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influence of bond coat oxidation. In the paper the technique will be
discussed in detail and results from measurements will be exemplary.

INTERCONNECTPACK; INTERCONNEC-
TIONS FOR ELECTRONICS PACKAGING:
Packaging Technology and Reliability
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Dept. of Mats. Sci., Evanston, IL 60208-3108 USA; Sung Kang, IBM,
TJ Watson Research Center, Yorktown Heights, NY 10598 USA; Rao
Mahidhara, Cypress Semiconductor Corporation San Jose, CA
95134 USA; Ephraim Suhir, Bell Labs., Murray Hill, NJ 07974 USA
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Session Chairs: G. Ghosh, Northwestern University, Dept. of Mats.
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8:30 AM  WELCOME AND OPENING REMARKS

8:35 AM INVITED PAPER
CURRENT METALLURGICAL ISSUES IN FLIP CHIP TECHNOL-
OGY: K.-N. Tu'; 'WCLA, Dept. of Mats. Sci. and Eng., 405 Hilgard
Ave., Los Angelos, CA 90095-1595 USA

When flip chip technology is applied to attaching a chip directly to
a card or board, low melting point solders should be used because of the
polymeric nature of the substrate. Low melting point solders are typi-
cally high-Sn, which are known to react rapidly with Cu, especially a Cu
film. Hence the conventional under-bump thin film metallization of
Au/Cu/Cr is unsuitable to card or board substrtates, not even the phased-
in Cu-Cr metallization. Since the chip-to-card or chip-to-board packag-
ing can be widely used in low cost and large volume consumer products,
the electronic industry is exploring ways to replace the Cu-based under-
bump metallization. While Ni reacts slower than a high Sn solder, Ni
films are known to possess high stresses. In this talk, the issue of rapid
reaction vs. high stress which challenges the flip chip technology will be
addressed.

9:05 AM
DEVELOPMENT OF UNDER BUMP METALLIZATIONS FOR FLIP
CHIP BONDING TO ORGANIC BOARDS: T. M. Korhonen!; P.
Su!; S. J. Hong!'; M. A. Korhonen'; C.-Y. Li'; !Cornell University, Dept.
of Mats. Sci. and Eng., Ithaca, NY 14853 USA

In order to use flip chip bonding directly to organic boards, solders
with relatively low reflow temperature must be used to avoid damage to
the board during reflow. The most commonly used solders on the circuit
board level (such as eutectic Pb-Sn) contain large amounts of tin, which
makes them incompatible with the Cr/CrCu/Cu/Au underbump metalli-
zation (UBM) scheme used in conventional flip chip bonding. The tin
in the solder reacts with the copper layer of the UBM, depleting the
UBM of copper and causing a weak interface. UBM schemes with Ni as
the wettable layer show slower reaction with the solder and have been
identified by the semiconductor industry as preferable replacements to
Cu-based UBM’s. However, Ni-containing metallizations tend to have
high stresses that may lead to peeling off of the metallization. In this
research, the goal was to develop relatively low stress metallization
schemes which contain sufficient amount of Ni to supress the growth of
intermetallics. Several different metallization schemes were deposited
on Si wafers and patterned into UBM pads, after which a reflow was
performed to obtain flip chip bonded test joints. The joints were me-
chanically tested to assess the quality and reliability of the interface.
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Stress was measured by the wafer bending technique from each of the
metallized wafers before patterning the UBM pads, and the measured
stresses were compared to the performance of the corresponding UBM
scheme in the mechanical tests.

9:30 AM
RELIABILITY OF FLIP-CHIP PACKAGES THERMALLY LOADED
BETWEEN -55 AND 125YC: Elizabeth S. Drexler'; 'N.I.S.T., Div. 853,
325 Broadway, Boulder, CO 80303 USA

The low-temperature reliability of flip-chip packages has been source
of concern for manufacturers of the innovative package. Packages that
perform well and have excellent lifetime projections when thermally
cycled from 20 to 120YC fail at an unacceptable rate when the tempera-
ture excursion is extended down to -55YC. Electron-beam (e-beam)
moiré was used to study local deformations in a flip-chip package and
the interactions among the various materials found within the package.
A cross section through the solderballs of the flip-chip package was
instrumented with crossed-line gratings with a pitch of 450 nm at the
edge of the Si die, 1/4 of the way across the die, and at the mid-point of
the die. As the specimen was thermally loaded, images of the moiré
fringe patterns were acquired from each location and compared. The
specimen was subjected to a total of ten complete thermal cycles from
-55 to 125YC over several nonconsecutive days. Non-recoverable defor-
mations were first observed in the specimen at the grating located at the
mid-point of the die, but only after completing one full thermal cycle
(that is, -55 to 125, then back down to -55YC). It appears that debonding
initiated between the solderball and the solder mask where that interface
meets the printed circuit board. The debond continued to grow through
the solder mask and into the underfill during the next three thermal
cycles, then arrested after circumscribing approximately 1/4 of the way
around the solderball. Deformation was also induced within the solderball,
becoming more pronounced with more thermal cycles. Some slip also
occurred in the pattern located 1/4 of the way across the die at the
solderball/solder mask interface, appearing after the second complete
thermal cycle. After the ten cycles were completed, inspection of the
region where the solderball/solder mask meets the printed circuit board
revealed holes approximately 200 nm across. Void formation and coa-
lescence, leading to crack initiation and growth seems to be a likely
fracture mechanism. However, at this location the voids never coa-
lesced to form a crack. No slip was observed in the pattern located at the
edge of the die. Results will be further discussed, displacements quanti-
fied, and conclusions offered.

9:55 AM INVITED PAPER
NOVEL Cu-INTERCONNECT APPROACH FOR MULTI-CHIP
MODULES WITH FLEXIBLE SUBSTRATES: M. McCormack'; H.
Jiang'; S. Beilin'; 'Fujitsu Computer Packaging Technologies, 3811
Zanker Rd., San Jose, CA 95134 USA

Modern electronic products including computers, telecommunica-
tion equipment, automobile electronics, and consumer electronics re-
quire circuit interconnections. Increases in circuit density have tradi-
tionally been desirable from the perspectives of product miniaturization
and cost reduction. From a high-speed performance perspective, in-
creases in circuit density must be accompanied by decreases in conductor
lengths in order to minimize the effects of packaging parasitics. This is
especially true in the case of multi-chip modules where shorter, less
resistive conductive lengths that minimize parasitics are desirable for
faster and more efficiently routed chip-to-chip communications. A new
and novel approach to provide interconnections in multi-chip modules
is presented and discussed in terms of the superior performance, ease of
manufacture, and high reliability provided by the development of a
unique combination of materials and processing.

10:25 AM BREAK

10:35 AM

A NOVEL TEST CIRCUIT FOR DETECTING ELECTROCHEMI-
CAL MIGRATION: W. Jud Ready'; L. J. Turbini'; R. Nickel?; J. Fischer?;
!Georgia Institute of Technology, School of Mats. Sci. and Eng., 778
Atlantic Dr., Atlanta, GA 30332-0245 USA; 2Naval Air Warfare Center,
Weapons Division, Code 471C00D, China Lake, CA 93555-6001 USA
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The rapid growth of the global electronics manufacture environment
has brought about the onset of a variety of new, untested materials and
processing chemicals. The interactions between substrates and process-
ing chemicals that can occur during manufacture, storage and use must be
assessed in order to determine long-term reliability. Surface insulation
resistance (SIR) testing is a standard industry technique used to assess
processing chemicals (e.g., soldering fluxes) and substrates. SIR test
method conditions vary in terms of the temperature and humidity used
to accelerate the normal failure modes. Typically, a 45 to 50 volt bias
is applied to an interdigitated comb pattern, and periodic SIR measure-
ments are made using a 100 volt test. Pass/fail criteria (e.g., 100 M)
based solely on SIR electrical values, however are inadequate. Often the
electrical measurement fails to reveal the presence of surface dendrites
due to contaminants related to processing chemicals. This occurs be-
cause the dendrite burns out between electrical readings when the circuit
continues to be biased at 50 volts. Thus, the electrical reading does not
recognize that the dendrite was present. A new linear test circuit has
been developed to overcome this deficiency. The circuit uses an opera-
tional amplifier to detect the formation of a surface dendrite between
electrodes on the comb pattern. When the dendrite shorts the circuit,
voltage to the comb pattern is removed. Thus, the presence of the
dendrite is captured electrically, and the dendrite is preserved for further
analysis. This paper will present the circuit used and data showing its
effectiveness.

11:00 AM INVITED PAPER
MODELING SHIFT OF A SOLDER-ALIGNED OPTICAL FIBER:
Adam Clayton Powell'; Christopher Bailey?; Daniel Wheeler?; Mark W.
Beranek?; James A. Warren!; 'NIST, Metallurgy Div., MATLS B164,
Gaithersburg, MD 20899 USA; 2University of Greenwich, Dept. Comp.
and Math. Sci., Wellington St., Woolwich, London SE18 6PF UK; 3The
Boeing Company, P.O. Box 3999, Mailstop 3W-51, Seattle, WA 98124-
2499 USA

Optical fibers are often attached to electronic packages using solder.
These fibers are observed to shift during solder wetting and solidifica-
tion. In the present study, two finite element models are used to calcu-
late the extent of this shift, in order to understand this phenomenon and
make design changes to control fiber alignment. While in the liquid
state, it is assumed that the solder surface quickly reaches its equilibrium
shape, and the extent of shift is determined by the balance between
capillary forces and elasticity of the fiber; this shape and shift are
calculated by the Surface Evolver software. The surface shape is then
used to create a volume mesh which is used in a transient model of heat
transfer, solidification and solid mechanics based on the PHYSICA soft-
ware package, to calculate the displacement of the fiber and the residual
stress field in the solder. The direction of solder droplet solidification is
observed to have a strong effect on final droplet shape and fiber dis-
placement. Approaches to modeling fluid flow to feed solidification
shrinkage are discussed. This modeling effort is supported by the NIST
Solder Interconnect Design Team.

11:30 AM INVITED PAPER
MATERIALS REQUIREMENTS FOR CSPS: AN OVERVIEW: D.
Speece!; G. J. Ewell'; 'The Aerospace Corporation, M.S. 4-987, Los
Angeles, CA 90009-2957 USA

The recent explosive increase both in development efforts and in
testing related to chip scale packaging (CSP) has resulted in the identifi-
cation of needs for improved packaging materials. Several companies
and consortia are now working to create and produce the materials that
will increase the reliability and robustness of chip scale packages as well
as their ability to manage the large amount of thermal energy generated.
The authors will present both an overview of the needs identified for
package integrity and robustness, as well as for thermal management
requirements, and partial results of a test program to characterize some
of the materials available with respect to those needs. Test results
include findings of thermal stability, short-term elevated temperature
exposure, thermal cycling, and moisture resistance. These findings
should directly interest both those people interested in package charac-
terization as well as those interested in developing such materials.



12:00 PM
RELIABILITY OF SOLDER INTERCONNECTION IN BGA PACK-
AGE: R. Mahidhara'; W. Zohni'; V. Solberg!; J. Fjelstad!; T. DiStefano!;
ITessera, Inc., 3099 Orchard Dr., San Jose, CA 95134 USA

Devices furnished in plastic lead-frame type packaging are proving
to be too large for newer generations of hand-held portable electronic
products. Smaller size coupled with higher performance seems to be the
requirement of the day. Using unpackaged or bare die may be the
ultimate goal for companies attempting to reduce product size. How-
ever, when actual assembly process complexity (underfill) and poor
yield for multiple die applications are considered, many may choose an
alternative packaging methodology, chip-scale or even chip-size (CSP)
packaging. CSP devices using a ball grid contact array is proving to be a
technology that can provide the same benefit of bare die but not the
headaches. In addition, an optional contact type for the UBGA unit is to
combine solder attachment capability as well as socket capability by
adapting a solid copper ball coated that is attached to the CSP with a
high temperature solder. This will allow for socketing while still com-
patible with conventional SMT solder pa ste reflow mounting to the
PCB. In this study, various lead-containing and lead-free solder systems
are evaluated for attaching solid copper balls to the chip scale package.
The reliability of the solder joints are then assessed and compared.

INTERNATIONAL SYMPOSIUM ON AD-
VANCES IN TWINNING: Annealing Twins

Sponsored by: Structural Materials Division, Physical Metallurgy
Committee

Program Organizers: S. Ankem, University of Maryland, Dept. of
Mats. and Nuclear Eng., College Park, MD 20742-2115 USA,
Chandra Pande, Naval Research Lab, Mats. Sci. & Tech. Div.,
Washington, D.C. 20375-5000 USA

Monday AM
March 1, 1999

Room: 17B
Location: Convention Center

Session Chairs: George R. Yoder, Office of Naval Research, ONR
332, Arlington, VA 22217-5660 USA; Chandra S. Pande, Naval
Research Laboratory, Mats. Sci. and Tech. Div., Washington, D.C.
20375-5000 USA

8:30 AM OPENING REMARKS: Prof. S. Ankem, University of
Maryland, College Park, MD, USA

8:35 AM INVITED PAPER
ANNEALING TWINS IN FCC METALS AND ALLOYS: Bhakta B.
Rath'; Chandra S. Pande!; M. A. Imam'; 'Naval Research Laboratory,
MS & CT Directorate, Code 6000, Washington, D.C. 20375-5320 USA
Presence of annealing twins has impact on the properties of many
materials. The mechanism of formation of these twins have been sub-
ject of numerous studies over fifty years. Although much progress has
been made in recent years, a universally accepted view of these twins has
not yet emerged. This brief review will focus on the nature of these
twins, the mechanism of their formation and the methods to reduce
their density. It will describe recent studies including those at Naval
Research Laboratory to understand these features of annealing twins.
These studies have established a relation between twin density and grain
size, temperature and material properties. A model of the mechanism of
their formation based on the emergence of Shockley partial loops on
consecutive {111} planes during grain migration has also been devel-
oped. It is argued that various experimental and theoretical results ob-
tained over the years can be satisfactorily explained by this model.
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9:10 AM INVITED PAPER
A CONSTITUTIVE DESCRIPTION FOR THE INITIATION OF
TWINNING: Marc Andre Meyers'; Otmar Voehringer?; Y. J. Chen';
"University of California, Dept. of Ames, Mail Code 0411, La Jolla, CA
92093 USA; 2University of Karlsruhe (TH), I. fiir Werkstoffkundel,
Postfach 6980, 76128 Karlsruhe, Baden Germany

A constitutive equation is developed that predicts the critical stress
for twinning as a function of external (temperature, strain rate) and
internal (grain size, stacking- fault energy) parameters. Plastic deforma-
tion by slip and twinning being competitive mechanisms (it is, of course,
recognized that twinning requires dislocation activity), the twinning
constitutive relationship is equated to a slip relationship based on the
flow by thermally assisted movement of dislocations over obstacles
(such as the Voehringer, the Zerilli-Armstrong, or the MTS equations);
this leads to the successful prediction of the slip-twinning transition.
The model is applied to metals representative of the different crystal-
line structures: Fe, Cu, and Ti. As a consequence of the model, the
critical twinning stress in shock-wave deformation can be predicted,
using the Swegle-Grady equation which relates the shock stress to the
strain rate at the shock front. Research supported by the Humboldt
Foudation and U. S. Army Research Office MURI Program.

9:45 AM INVITED PAPER
EVOLUTION OF ANNEALING TWINS IN FCC CRYSTALS: S.
Mahajan'; C. S. Pande?; M. A. Imam?; B. B. Rath?; !'Arizona State
University, Dept. of Chem., Bio and Mats. Eng., P.O. Box 876006,
Tempe, AZ 85287-6006 USA; 2Department of the Navy, Naval Re-
search Laboratory, 4555 Overlook Ave., S.W., Washington, D.C. 20375-
5343 USA

We have developed a microscopic model for the evolution of anneal-
ing twins in FCC crystals. We argue that twins evolve as a result of
growth accidents occurring on migrating {111} steps associated with a
moving grain boundary. The higher the velocity of the boundary, the
higher the twin density. The influence of annealing temperature on twin
density, the absence of twins in high stacking fault energy materials, and
the various observed twin morphologies can be rationalized in terms of
the model.

10:20 AM BREAK

10:30 AM INVITED PAPER
ROLE OF TWINNING IN THE OPTIMIZATION OF THE GRAIN
BOUNDARY CHARACTER DISTRIBUTION: Adam J. Schwartz!;
Wayne E. King'; Mukul Kumar'; 'Lawrence Livermore National Labo-
ratory, Chem. and Mats. Sci., 7000 East Ave., L-355, Livermore, CA
94550 USA

The grain boundary character distribution (GBCD) is a relatively new
microstructural property that describes the proportions of special and
random boundaries as defined by the coincident site lattice model. Re-
cently, there has been increased attention on determination of the GBCD
and manipulation of the relative fractions in the recrystallized micro-
structure through thermomechanical processing in order to improve
materials properties like corrosion and creep resistance. Most of the
“optimization” treatments reported in the literature have been per-
formed on fcc materials with relatively low stacking fault energies and
result in microstructures with high fractions of 23, ¥9, and 327 bound-
aries. It can be interpreted that annealing twins are solely required to
improve the GBCD. However, in order to optimize the properties, it
appears imperative that the formation of annealing twins disrupt the
connectivity of the random boundary network, thus implying that 23,
reactions and resultant triple lines are critical. Experiments to control
the GBCD of oxygen free electronic Cu and Inconel 600 through
thermomechanical processing will be presented and discussed in light of
orientation imaging microscopy and transmission electron microscopy
observations of the deformed and recrystallized microstructures. This
work is performed under the auspices of U.S. Department of Energy and
Lawrence Livermore National Laboratory under contract No. W-7405-
Eng-48.

11:05 AM INVITED PAPER
INTERFACIAL DISLOCATION STRUCTURE AND DYNAMICS
AT INCOHERENT TWIN BOUNDARIES: Douglas L. Medlin'; 'Sandia
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National Laboratories, Mats. and Eng. Sci. Center, Org. 8715 M.S.
9402, 7011 East Ave., Livermore, CA 94551 USA

Although the structures for incoherent twin boundaries in FCC met-
als are now well understood on the basis of experimental observations
and atomistic modeling, there is still much to learn about the interac-
tions and properties of interfacial dislocations at such interfaces. Two
types of interfacial dislocations are anticipated and observed: namely,
dislocations with Burgers vector a/6<211> and a/3<111>. The a/3<111>
dislocation plays a particularly interesting role: because its Burgers
vector lies in the (112) boundary plane, it is possible for the dislocation
to move by glide at this interface. This concept is confirmed by experi-
mental observations as well as by atomistic calculations showing only a
small energetic barrier to translation of the dislocation. In addition to
gliding, these dislocations play a role in coherent twin formation by a
non-conservative climb process. Here we will discuss HRTEM observa-
tions showing the incorporation of a/3<111> dislocations into a grow-
ing coherent twin lamellae. Analysis of the tip of the advancing twin
suggests that nucleation of the coherent twin segment may be initiated
by the absorption of a lattice dislocation at the grain boundary. This
research is supported by the U.S. Department of Energy, Office of Basic
Energy Sciences, under contract number DE-AC04-94-AL85000.

INTERNATIONAL SYMPOSIUM ON GAMMA
TITANIUM ALUMINIDES: Applications of

Gamma Titanium Aluminide Alloys

Sponsored by: Structural Materials Division, Titanium Committee,
Structural Materials Committee; ASM International: Materials Science
Critical Technology Sector, Materials Synthesis & Processing
Committee

Program Organizers: Young-Won Kim, UES, Inc., Mats. & Proc.
Division, Dayton, OH 45432-1805 USA; Dennis M. Dimiduk, Wright-
Patterson AFB, WL/MD, WPAFB, OH 45433 USA; Michael H.
Loretto, University of Birmingham, IRC, Birmingham B15 2TT UK

Monday AM
March 1, 1999

Room: 8
Location: Convention Center

Session Chairs: Young-Won Kim, UES, Mats. and Proc. Div.,
Dayton, OH 45432 USA; Howard Merrick, Allied Signal Engines,
P.O. Box 52181, Phoenix AZ 85072-2181 USA

8:30 AM OPENING REMARKS

8:40 AM INVITED PAPER
ADVANCED WROUGHT GAMMA ROTOR PROGRAM - SUB-
SCALE TiAl ROTOR RESULTS: Theodore Fecke?; Dwight E.
Davidson!; 'Pratt & Whitney Aircraft Engines, Advanced Technology
Engine Programs, P.O. Box 19600, West Palm Beach, FL 33410-9600
USA; 2Air Force Research Laboratory, AFRL/PRTC, 1950 Fifth St.,
Wright-Patterson AFB, OH 45433-7251 USA

With increased demands from the commercial and military sectors
for longer range, greater endurance and improved durability aircraft,
thus requiring more efficient turbine engines, Pratt and Whitney has
embarked on an initiative to increase overall turbine engine systems
performance. One of the technologies selected involves the use of gamma
titanium aluminide as a rotating disk structure. In order to achieve these
improvements, increases in engine system temperatures and pressure,
and decreases in weight must be simultaneously accomplished. Most
turbine engine rotor structures today are nickel based. An Advanced
Gamma Titanium Rotor Program, whose goal is to demonstrate the
rules, tools and design intent for transitioning new materials (i.e. via
characterization, component test and life system validation), will help
to accomplish these increased airframe mission requirements. The “over-
all” gamma titanium rotor program goals are to demonstrate that an “all
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titanium” rotor component can survive harsh engine environments.
These environments can be simulated via structural analysis and com-
ponent spin test. Prior to engine testing, many criteria have to be met,
similar to those criteria required for a nickel based rotor structure. They
include TiAl material capability, mission capability, rotor dynamic be-
havior, impact evaluation, blade out behavior, surge/stall capability,
alloy enhancements, processing, manufacturing, and spin testing. This
presentation will highlight pertinent data, thus providing technical in-
sight eluding to an “all titanium high spool core”. Where applicable,
spin test, crack growth or other component or specimen results will be
provided. The final outcome of several cyclic spin tests will not be
available until after May 1999.

9:10 AM INVITED PAPER
TITANIUM ALUMINIDE APPLICATIONS IN THE HIGH SPEED
CIVIL TRANSPORT (HSCT): Paul A. Bartolotta'; David L. Krause!;
INASA Lewis Research Center, 21000 Brookpark Rd., MS 51-1, Cleve-
land, OH 44135 USA

The High Speed Civil Transport (HSCT) is a second-generation su-
personic commercial aircraft for the next century. It is projected that
within the next two decades, overseas air travel will increase to over
600,000 passengers per day. This equates to 500 -1500 HSCT type of
aircraft will be required to meet this demand. In order to meet EPA
environmental goals, the HSCT propulsion system will require advanced
technologies to reduce exhaust and noise pollution. Part of the strategy
for noise attenuation is the use of an extremely large exhaust nozzle.
Critical exhaust nozzle components will be fabricated from titanium
aluminide in two different forms. The divergent flap will use wrought
gamma and the nozzle sidewall will be a hybrid fabricated out of both
wrought gamma face sheet and cast gamma substructure. This paper will
describe the HSCT program and the use of titanium aluminide for its
components.

9:40 AM INVITED PAPER
IMPLEMENTATION OF GAMMA TITANIUM ALUMINIDES: Curtiss
M. Austin'; Thomas J. Kelly!; 'GE Aircraft Engines, MPED, M89, One
Neumann Way, Cincinnati, OH 45215 USA

The gamma titanium aluminide community has made considerable
progress in the lengthy and arduous process of bringing a technology
from infancy to a state of near-readiness. An ingot process has been
devised to meet the special requirements of the casting approach. Chem-
istry methods have been developed that can confirm that aluminum
level is within range. Casting processes have been identified that can
make sound parts of a difficult configuration - namely low pressure
turbine blades. Many details of the associated manufacturing processes
have been developed as well. Some of the first-tier design methods and
issues have resolved. The most serious performance issues have either 1)
been retired (tip rubs, for example), 2) become the subject of a few
community-wide investigations (impact resistance, for example), or 3)
been resolved as much as possible short of engine test (wear, for ex-
ample). Further progress relies on overcoming two hurdles. First, hard-
ware must be produced by a production-ready process and then engine-
tested in a manner that directly addresses the remaining performance
issues. Second, the economics of implementation must be assessed, com-
paring hardware price forecasts with the value of the technology as
manifest in the engine sales market.

10:10 AM INVITED PAPER
GAMMA TiAl: CONSIDERABLE POTENTIAL - BUT NOT YET
FLYING: Wayne Voice'; David Rugg'; 'Rolls-Royce Plc, Dept. of
Mats., Elton Rd., (EIt38), P.O. Box 31, Derby, Derbyshire DE24 8BJ
UK

Gamma Titanium Aluminides have shown ‘considerable potential’
and ‘attractive properties’ for many years. Despite numerous tantalising
aero-engine applications having been seriously considered, no gamma
parts are in service. This paper reviews an aerospace materials ‘life
cycle’ in order to explain the apparent discrepancy. Conventional
titanium alloys/components will be used to provide a baseline for com-
parison.



10:40 AM
ENDURANCE OF TiAl ALLOY AS A TURBINE WHEEL OF TUR-
BOCHARGER AND THE EFFECT OF COMPOSITION ON IT:
Toshimitsu Tetsui'; 'Mitsubishi Heavy Industries, Nagasaki R&D, 5-717-
1 Fukahori-Machi, Nagasaki 851-0392 Japan

Turbochargers for passenger cars using two kind of as cast TiAl
alloys (low Nb and high Nb) for their turbine wheels were manufactured
and attached to a 2.5-liter Diesel engine for engine testing at 1123K up
to 600h. Damage to the TiAl turbine wheels after the endurance test
was investigated in order to evaluate TiAl endurance in an actual oper-
ating environment and to examine the effects of chemical composition
and microstructure on it. Although oxidation was milder in engine
exhaust gas than in the air, showing satisfactory endurance for both
alloys, erosion of blade tips was found only in low Nb alloy. This erosion
is estimated to have been caused by the collision of fine particles, and it
was found that fully lamellar structure of very fine colony size which was
formed in blade tips of a wheel of high Nb alloy showed superior resis-
tance to this erosion.

11:00 AM
GAMMA-BASED TITANIUM ALUMINIDE STRUCTURES FOR
SOME SPECIFIC HIGH TEMPERATURE AEROSPACE APPLI-
CATIONS: Robert LeHolm'; Helmut Clemens?;, 'BF Goodrich Aero-
space, Aerostructures Group, 850 Lagoon Dr., Chula Vista, CA 91910
USA; 2University of Stuttgart, Institut fuer Metallkunde, Seestrasse 71
D-70174 Germany

Gamma titanium aluminides (g-TiAl’s) are a group of very poten-
tially promising, low density intermetallic materials that offer many
attractive properties for various high temperature aerospace applica-
tions, in both aircraft and spacecraft structures. This paper presents
some of the work performed to characterize, test and qualify thin g-
TiAl sheet for commercial use as a replacement for superalloy aero-
space structures, in the 650YC - 900YC range. In addition, some mention
of g-TiAl foil products and their development will be included. Any
potential g-TiAl component must be economically manufacturable and
must survive severe turbine exhaust gas and/or space re-entry condi-
tions. An extensive test and development program was pursued to: (a)
determine the high temperature behavior (up to 900YC) of thin g-TiAl
sheet and (b) establish key producibility parameters (for forming, bond-
ing, machining, etc.) and a proof of concept for manufacturing a g-TiAl
prototype component. Based on the results of this test and develop-
ment program, g-TiAl sheet structures may prove to be viable, both
economically and structurally, for some specific high temperature aero-
space applications.

11:20 AM
PROPERTIES OF LOW COST TiAl AUTOMOTIVE VALVES PRO-
DUCED BY COLD WALL INDUCTION MELTING AND PERMA-
NENT MOLD CENTRIFUGAL CASTING: Matthias Blum!; Alok
Choudhury'; Harald Scholz!'; Georg Jarczyk!; Georg Frommeyer?; Peter
Busse?; Sven Knippscheer?; 'ALD Vacuum Technologies GmbH, R&D,
Rueckinger Str. 12, Erlensee, Hessen 63526 Germany; 2MPI fuer
Eisenforschung, Max-Planck-Str. 1, Duesseldorf 40237 Germany; *AC-
CESS e.V,, Intzestrasse 5, Aachen 52056 Germany

Initiated by ALD Vacuum Technologies GmbH a new manufacturing
process for an economical mass production of TiAl valves has been
developed by a joint research project which is financially supported of
the Federal Ministry for Education and Research of Germany. The new
process enables the production of TiAl valves in high annual volumes
and at cost comparable to conventional steel exhaust valves. The ex-
pected price is feasible through the very high level of process integra-
tion. Melting, alloying, purification and casting are integrated in a single
step. The two main features of the manufacturing process are the use of
a modified induction cold crucible and a heatable metallic permanent
mold in an evacuable centrifugal casting unit. Based on the results of
numerical process simulation as well as casting experiments a pilot plant
has been built. In order to minimize the effort for the optimization of
melting and casting parameters, regarding the mechanical properties of
the valve, an experimental programme based on modern DoE- tech-
nique was performed. The development of the process and the results of
this programme will be presented.
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11:40 AM
POSTWELD HEAT TREATMENT EFFECTS ON MICROSTRUC-
TURE AND MECHANICAL PROPERTIES OF ELECTRON BEAM
WELDED CAST GAMMA TITANIUM ALUMINIDES: Chris M.
Jensen*; Han Zhang'; William A. Baeslack?;, Tom J. Kelly?; 'The Ohio
State University, 1248 Arthur E. Adams Dr., Columbus, OH 43221 USA;
2The Ohio State Edison Joining Technology Center University, Bricker
Hall, 190 North Oval Mall, Columbus, OH 43210 USA; 3GE Aircraft
Engines, One Neumann Way MD MS89, Cincinnati, OH 45215 USA;
4‘Homwet, 1500 South Warner St., Whitehall, MI 49461 USA

The cast Ti-48A1-2Nb-2Cr Electron beam (EB) welds were produced
with aluminum contents from 46.3 to 48.3 at.%. Postweld heat-treated
(PWHT’ed) were performed at temperatures of 1050, 1150 and 1250YC.
It was found that the EB welds experienced dendritic solidification for all
of the Al contents investigated. A transition from primary b solidifica-
tion in the plates containing 46.3 and 47.1at% Al to a b/a solidification
in the plates containing 47.1 at% Al and higher were observed at the
fusion zone (FZ). The welds exhibited a predominantly lamellar g/a2 FZ
microstructure in the as-welded condition, with increasing proportions
of equiaxed g grains, and a decreasing volume proportion of intergranu-
lar a2 phase, observed with increasing aluminum content. PWHT pro-
moted recrystallization and growth of the g grains. FZ fracture tough-
ness decreased with increasing aluminum content, and increasing PWHT
temperature. FZ ductility was improved by PWHT.

12:00 PM
THE EFFECT OF IRON CONTENT ON THE WELDABILITY OF
CAST GAMMA TITANIUM ALUMINIDES: Ponnusamy Anand'; Viola
L. Acoff’; !'The University of Alabama, Metall. & Mats. Eng., P.O. Box
870202, Tuscaloosa, AL 35487-0202 USA

In the majority of engineering applications for which gamma TiAl is
being considered, fusion welding, in particular gas tungsten arc welding, is
the primary form of joining. Current-generation gamma alloys, notably
Ti-48A1-2Cr-2Nb meet the requirements of many components. Pres-
ently, the composition of iron is kept to the least value possible (0.07
atomic %) because it is suspected that Fe has a detrimental effect on the
weldability of cast gamma TiAl. However, this practice increases the
cost of processing the alloy. To date, the effect of iron content on the
weldability of gamma TiAl has not been determined or investigated
experimentally. The purpose of this study was to investigate the effect
of iron on the weldability of cast gamma TiAl and its effect on the
kinetics of gamma transformation during heating. The structure-prop-
erty relationship of the fusion zone were examined as a function of
welding current and characterized using light microscopy, SEM, TEM,
Knoop microhardness testing and nanoindentation testing.

LEACHING THEORY PROCESS DEVELOP-
MENT & INDUSTRIAL PRACTICE: Leaching

General

Sponsored by: Extraction & Processing Division, Aqueous Process-
ing Committee, Copper, Nickel, Cobalt Committee

Program Organizers: Akram Alfantazi, Falconbridge Ltd.,
Falconbridge Technology Centre, Falconbridge, Ontario POM 1S0
Canada; Arash Kasaaian, Elkem Metals Company, Marietta, OH
45750 USA; Alexandre J. Monteiro, Indosuez Capital Emerging
Markets, Sao Paulo, SP 01311-902 Brazil

Monday AM
March 1, 1999

Room: 1B
Location: Convention Center

Session Chairs: D. Ashman, Cominco, Ltd.; D. E. Krause, INCO,
Ltd.
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8:30 AM
MAGNESIA HYDRATION IN MAGNESIUM ACETATE SOLU-
TIONS: Dimitrios Filippou!; Nikolaos Katiforis'; Nymphodora
Papassiopi'; Katerina Adam'; 'National Technical University of Ath-
ens, Dept. of Mining Eng. and Metall., Laboratory of Metall., Zographos,
Attiki GR-157 80 Greece

Magnesium hydroxide is used in a number of industrial applications,
from the neutralisation of acid effluents to the production of pharma-
ceuticals. High-quality magnesium hydroxide powders can be produced
by hydrating slow-reacting magnesia in dilute magnesium acetate solu-
tions. The magnesia hydration process shows many similarities with a
typical hydrometallurgical leaching operation; however, its kinetics are
crucial not only for process design and control, but also for the produc-
tion of powders with a desirable particle morphology. This presentation
will show the results of an experimental work whereby industrial heavily-
burned magnesia powders were hydrated in 0.01 to 0.1 mol/L magnesium
acetate solutions at temperatures ranging between 333 and 363 K. Ex-
amination of the magnesium hydroxide produced and the analysis of the
kinetic data suggest that the hydration of heavily-burned magnesia in
magnesium acetate solutions is a dissolution—precipitation process con-
trolled by the dissolution of magnesia particles. The activation energy
was estimated to be 59.7 kJ/mol, while the reaction order with respect to
magnesium acetate concentration was found to be about one.

8:50 AM
OPERATION OF AND IMPROVEMENTS TO THE LONRHO
PLATINUM BASE METAL REFINERY: 'Nico Steenekamp, Lonrho
Platinum Base Metal Refinery, South Africa

The Lonrho Platinum Base Metal Refinery was commissioned in
1985. The original process design was done by Sherrit Gordon. Ni- Cu
converter matte is treated in a refinery which utilises both atmospheric
and pressure leaches for the dissolution of base metals to produce
NiSO,crystals copper cathode and a Pgm concentrate. The paper will
cover the original and current flow sheets, the 14 years of operation,
increases in capacity and the improvements implemented during this
period. The improvements include modifications to the autoclave op-
erations to implement a flash recycle cooling arrangement and a con-
tinuous upgrading leach in the same autoclave. The practice and changes
in the first stage atmospheric leach and the batch upgrading leaches of
PGM concentrate will be discussed.

9:10 AM
NITRIC ACID IN HYDROMETALLURGY: Fathi Habashi',
University, Dept. of Mining and Metall., Cite Universitaire, Quebec
City G1K7P4 Canada

Nitric Acid has been used for over 50 years in the uranium industry
and in phosphate fertilizer manufacture. Its application in the treat-
ment of sulfide concentrates is relatively recent and is limited to one
plant. It is necessary to capture nitric oxide formed during leaching to
economise the acid Consumption. A comparison with oxygen as an
oxidizing agent is given.

Laval

9:30 AM
MODELLING OF HEAP-LEACHING FOR LOW GRADE LATER-
ITE ORES: P A. Lobarinhas'; J.C. F. Teixaira!; F. Castro!; !'Universidade
do Minho, Escola de Engenharia, 4800 Guimardes Portugal

Surphuric acid heap leaching of low-grade nickaliferous latrites be-
came an increasingly interesting technology for the recovery of these
metals from such ore reserves. In the present work the transient leach-
ing process is modeled as a porous media flow with chemical reaction
which will depend upon the contact area between the ore and the liquid
solution, the solution concentration and the flow pattern inside the pile.
The flow in porous media (such as that in soils) is described by the
Darcy’s law, which on a Cartesian two-dimensional takes the form for
the hydraulic gradients, where the soil parameters are estimated as a
function of the grain size assuming a compact packing and a random
distribution through the ore. This equation is discretized on a regular
orthogonal grid using a fully implicit ceil vertex control volume tech-
nique. As boundary conditions are concerned, it is assumed there is no
liquid solution accumulation at the side and bottom boundaries (ah/ax-
0). At the top boundary the liquid solution is fed into the pile and,
therefore, ah/a=constant, a function of the volumetric flow rate of acid
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solution.. Adding fresh acid to the process (or changing its concentra-
tion) is taken into accounts in the model. Once the solution to equation
(1) is obtained, the flow through the physical domain can be calculated.
From this, the amount of metal extracted is determined using a simple
chemical model for the dissolution kinetics for each metal present in
each one of the phases of the ore. Experimental data, obtained by
column leaching experiments at the laboratory, have been employed to
validate the model. Good agreement was observed.

9:50 AM
LEACHING FLY ASH TO RECOVER METAL VALUES: George
Kazonich'; 'U.S. Department of Energy, Federal Energy Technology
Center, P.O. Box 10940, Environmental Science and Technology Divi-
sion, Pittsburgh, PA 15236 USA

More than 100 million tons of coal combustion by-products are
generated by U.S. power plants each year. Fly ash makes up 60% of that
total and typically contains 90% inert particles. The remaining 6 mil-
lion tons/yr of metals and metal oxides could be recovered by leaching.
Valuable metals include calcium, copper, lead, manganese, nickel, zinc,
and others. The toxic metals antimony, arsenic, barium, cadmium, mer-
cury, selenium, etc. are also found in trace amounts. Most of the metals
are easily leached from the fly ash. The DOE is investigating the leach-
ing of fly ash in 5-cm by l-meter columns. Seven common lixiviants
from pH 11 to pH 11 were used. Each column is leached with 150m1/day
of one lixiviant for 30 to 120 days. The leachate is analyzed for metals,
sulfate, pH, alkalinity, and conductivity. Tests have been completed on
28 fly ash samples. Metal recoveries varied from 10 to 95% in the tests
examined. Extraction could be improved in most cases.

10:10 AM
WET OR DRY, INTEMPERANCE IN THE MINERAL FIELDS: IN-
TOXICATION AND PROHIBITION REGARDING HYDROMET-
ALLURGICAL PROCESSES AND THE EXERCISE OF LOCAL
OPTIONS: Larry M. Southwick'; 'L. M. Southwick & Associates,
Process Design, Extractive Metall. and Chem. Eng., 992 Marion Ave.,
Suite 306, Cincinnati, OH 45229 USA

Smelters are doomed! The smelter as it exists today will be an
institution of only hist