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8:30 AM Keynote
Initiatives for Superalloy Affordability : Malcolm C. Thomals
Robert E. Schafrik James C. Williams 1Rolls-Royce Allison, P.O.
Box 420, Indianapolis, IN 46206-0420 USAGE Aircraft Engines,
One Neumann Way, MD H85, Cincinnati, OH 45215 USHAhe Ohio
State University, 477 Watts Hall, 2041 College Rd., Columbus, OH
43210 USA

Modern superalloy forgings and castings have enabled significant
increases in turbine engine performance, which have historically been
driven primarily by military requirements. The current situation is
significantly different, with reduced military budgets for propulsion,
and increasing demands from both civil and military customers for
affordable solutions to performance requirements. One result of this
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the cost of these increasingly complex materials. This paper will re
view some of the work currently being undertaken both at enging
manufacturers, and at component suppliers in consortia such as t
Engine Supplier Base Initiatives and the Metals Affordability Initia-
tive. The creation of such consortia to reduce component cost hg
made significant progress possible in focusing the entire supply chai
and the customer on this critical issue of affordability
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8:55 AM Invited
Application of Lean Concepts to the Aerospace Forging Value
Stream: Dan Krueget; Rod Boye?; David Furre?; Mary Lee
Gambonég Beth Lewis; IGE Aircraft Engines, One Neumann Way,
MD H85, Cincinnati, OH 45215 USABoeing Company, Commercial
Airplanes Grp., Seattle, WA 98124 USA;adish Company, Inc., 5481
S. Packard Ave., Cudahy, WI 53110 US#Rolls-Royce Allison, P.O.
Box 420, Indianapolis, IN 46206-0420 USANyman Gordon Com-
pany, 244 Worcester St., Grafton, MA 01563 USA

Forged components comprise approximately one-third the cost of
a propulsion system, and are major cost drivers for airframe systems.
Traditionally, cost reduction efforts have focused on improving indi-
vidual operations or steps in the value stream. A new U.S. Air Force
ManTech program, Forging Supplier Initiative, has been initiated to
achieve a significant reduction in cost and cycle time through im-
provements across the entire Supplier-OEM value stream for forged
airframe and gas turbine engine components, from raw material order
to the finished, ready to install component. Lean Manufacturing, which
encompasses a total waste reduction strategy based on a thorough
understanding of value for all manufacturing operations in the supply
chain, along with forging, machining and modeling technology im-
provements, must be exploited to achieve the cost and cycle time
reduction goals. This paper describes the Phase | approach and progress
in the Forging Supplier Initiative program being performed by the
General Electric-Lean Industrial Forging Team (LIFT) Consortium.
The objective of Phase I, Analysis and Definition of Cost Reduction
Opportunities, is to identify cost and cycle time drivers across the
entire forged product value stream for representative airframe and
propulsion system forgings, and demonstrate the feasibility and pay-
off of projects selected to address the major drivers.

9:20 AM Invited
Cost Modeling of Forged Turbine Engine Disks Kong Ma;
Kenneth A. Greeh !Rolls-Royce Allison, P.O. Box 420, Indianapolis,
IN 46206-0420 USA

As a part of the NASA funded IDPAT (Integrated Design/Processing
Analysis Technology) consortium development program, Rolls-Royce
Allison was responsible to develop a cost model for forging and ma-
chining of turbine engine disks. The objective of this task was to
develop a geometric feature based software design tool, which can
assist preliminary design to perform trade-off studies in a qualitative
fashion. The system consists of generic cost related design/manufac-
turing rules and allows users to define their company/process specific
variables associated with these rules. The user can use a graphic user
interface to sketch the design section, then the system will report the
cost impact based on the design changes from the base line.

9:45 AM Invited

ATS Advanced Turbine Airfoil Manufacturing Technology Pro-
gram: Mei Ling Carolyn Henng John Brinegak Albert Hines;
IHowmet Research Corporation, 1500 S. Warner St., Whitehall, Ml
49461 USA

shift in emphasis has been the initiation of several programs to reduce
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The purpose of the Advanced Turbine Airfoil Manufacturing Tech- 11:15 AM Invited
nology Program is to develop single crystal and directionally solidified The Castability and Mechanical Properties of Nickel Superal-
casting technologies to benefit Advanced Turbine Systems (ATS) in- loys Cast Using Thermally Controlled Solidification Sanjay
dustrial and utility gas turbine engines. Traditionally, single crystal Shendyg M. L. Gambon& Paul P. Andrews Michael Timg; PCC
investment casting technologies have been utilized for aircraft gas Structurals Inc., 4600 S.E. Haney Dr., Portland, OR 97206 URdél|s-
turbine blades where yields of 95% and higher are commonly achieved. Royce Allison, P.O. Box 420, Indianapolis, IN 46206-0420 USA;
These yields are the result of understanding the relationship between3Rolls-Royce, plc, P.O. Box 31, Derby DE248BJ UtConcurrent
alloy, geometry and process conditions. These relationships have beenTechnologies Corporation, 1450 Scalp Ave., Johnstown, PA 15904
developed iteratively over the past 30 years. The application of this USA
knowledge to Industrial Gas Turbine (IGT) sized castings has demon- Thermally Controlled Solidification (TCS), a casting process pat-
strated that the technology involved must be optimized to obtain ented by PCC Structurals, has potential to greatly reduce the cost of
similar quality and yields of the smaller aircraft turbine counterparts. aerospace structural castings. The response of three nickel superal-
The goal of this program is to develop the technology utilized for IGT loys; INCO 718, INCO 939 and RS5; to casting via TCS was studied as
components so that casting yields, furnace up time and direct costs arepart of a program supported by the National Center for Excellence in
impacted. This presentation will focus on the thermal resistances to Metalworking Technology. (RS5 is a superalloy developed a by Rolls-
heat removal from an IGT part. Addressing these resistances to heatRoyce, plc.) The alloys were compared by such characteristics as the
transfer in a casting process provide guidance on where improvementsability to fill thin-wall sections, propensity to hot tear, and weld
can be made. Efforts have been directed toward understanding thesereparability. TCS microstructures were analyzed, and mechanical prop-
resistances by employing finite-element-modeling (FEM). Modeling erties; including tensile, creep, fatigue and damage tolerance; were
has also been utilized to determine the effects of the thermal resis- measured for each of the TCS cast alloys. The castability evaluation
tances on typical IGT, single crystal microstructural defects. Addi- plan will be presented in this paper as well as the results and their
tional efforts involve benchmarking the state-of-the-art in IGT pro- implication.
duction via microstructural and crystal quality evaluations. Freckle
and grain-associated defects are also examined in the evaluations.

10:10 AM Break . .
- Deformation and Stress During
10:25 AM Invited

Spraycast-XO for Aerospace Applications Thomas Tom Greg SOlldlflcatlon
Butzeg; Kim Bower?; Howmet Research Corporation, 1500 S. Warner Sponsored byj\/laterials Processing and Manufacturing
St., Whitehall, MI 49461-1895 USAiSpraycast Technologies Inter-  pjyision, Solidification Committee, Jt. Processing Modeling

national, L.L.C., Whitehall, Ml 49461-1895 USACannon-Muskegon . . . .
Corporation, Muskegon, MI 48441 USA Analysis & Control Committee, Shaping and Forming

Howmet Corporation has licensed and modified the O$prey Committee ) ) ) )
spray forming process to produce high quality nickel-base superalloys Program OrganizersBrian G. Thomas, University of
for gas turbine engine applications. The modified process, known as |llinois, Department of Mechanical and Industrial Engineer-
the "Spraycast-XI" process, combined vacuum induction melting tech- —jng Urbana, IL 61801 USA; Christoph Beckermann, Univer-

nology with high purity argon gas atomization to produce ring and g ot 164 Department of Mechanical Engineering, lowa
case preform products. This process yields a product with a fine grain

homogeneous microstructure, improved machinability, ability to pro- C_ity, IA52242 USA; I_\/IattheW_J.M._Krane, Purdue Univer-
cess previously non-forgeable alloys, and an economic benefit that Sity, School of Materials Engineering, West Lafayette, IN
indicate savings of up to 30% over its ring rolled counterpart. Addi- 47907 USA; Srinath Viswanathan, Oak Ridge National

tionally, the Spraycast-X process results in lead-time reductions of Laboratory Oak Ridge TN 37831-6083 USA
up to 75% over ring rolled components. A description of the process, ' ’

along with data that substantiates these claims, will be presented.

Monday AM Room: Johnson A/B

10:50 AM - Invited . March 13,2000  Location: Opryland Convention Center
Enhanced Powder Metallurgy (P/M) Processing of UDIMET

720 AE1107C (T406) Turbine Disks Gary A. Millert; Kenneth A. . . . . . L

Greeri; Tony Banik; Joseph Lemsky 1Concurrent Technologies Cor-  Session ChairsBrian G. Thomas, University of lllinois,
poration, 1450 Scalp Ave., Johnstown, PA 15904 U%qlls-Royce Mech. & Industrial Eng., Urbana, IL 61801 USA, Christoph
Allison, P.O. Box 420, Indianapolis, IN 46206-0420 US¥Special Beckermann’ University of |0wa’ Dept of Mech. Eng_, lowa

Metals Corporation, 100 Industry Lane, Princeton, KY 42445 USA; City IA 52242-1527 USA: Matthew J. Krane. Purdue

4Ladish Company Inc., 5481 S. Packard Ave., Cudahy, WI 53110- A ' ) '

8902 USA pany Y University, School of Matls. Eng., West Lafayette, IN 47907
Enhanced powder metallurgy (P/M) processing of Udimet 720 has USA

been evaluated as an approach for improving the quality, and concur-

rently, reducing the cost of AE1107C (T406) turbine disks. Enhanced 8:30 AM

P/M processing combines several technologies: high-yield production An Experimental Study of the Deformation of a Directionally

of fine powder (-270 mesh); low extrusion ratio (3:1) for converting Solidified SCN-ACE Alloy Mush: Ernandes M.S. Riz2pVenkatesh
as-HIPed material to billets; isothermal forging of disk preforms to Raghavendra Houfa Shek Christoph Beckermarin “University of
near-net shape; and selective ultrasonic inspection. Having achievedIowa Dept. of Mech. Eng., 2412 SC, lowa City, IA 52242 USA;
acceptablg mechanical properties, the viability of thi; comb_inati(_)n of 2Cent’ro Federal de Educaca(; Tecnologi’ca do Espiri’to Santo, C.P. 51’39,
te(_:hnologles depends upon component perform‘anc‘e in cycll_c spin andVitoria, ES 29040-333 Brazil

spin burst tests and engine tests as well as verification of projected cost

savings. Results obtained to date confirm the acceptability of material acetone (SCN-ACE) alloy is studied experimentally. This alloy not
produc_ed using this combination of technolpgles. Technology imple- only solidifies dendritically like a metal alloy, but also has mechanical
n_wentanon hinges on the complonent. and engme test results and Comple'properties that are similar to those of metals near the melting point.
tloln of the cost/beneflt_a_qalygs IW:_'Ch crje;naln t_o be. perfo:jn}led. Tecg- A test cell was designed that allows for the directional solidification of
nl(_) oeg agjeslsment activities inclu |ngde|‘ect mlgrat_lgn &.m ow moh- the alloy and the controlled compression of the mush that forms.
eling rej' I_ua.stre;ss mz@suremedqt, mo edlng, and mitigation approac €SMeasurements during the deformation include the local displacement
HIP modeling; and seeding are discussed. and deformation rate of the solid, the flow patterns in the liquid,

temperatures, and liquid concentrations. Results are presented forza

The deformation of a directionally solidified mush of a succinonitrile-



range of initial compositions, cooling rates, and deformation amounts. fied yield criterion for porous metals. The measured zero strengt
The measurements are suitable for validation of future models. Thetemperature (ZST and zero ductility temperature) (ZDT) were related
experiments are relevant, for example, to the deformation of a par-to the solid fractions evaluated by the numerical simulation of
tially solidified strand during continuous casting of steel slabs. microsegregation. The characteristic solid fractions of ZST and ZD

) which corresponded to 0.75 and 0.99, respectively, were well describg
8:50 AM by the prediction equation on ZST and ZDT at given steel composi
Relation Between Tensile and Shear Strengths of the Mushy tions and cooling rates. KEY WORDS: mushy zone; zero strengt
Zone in Solidifying Aluminium Alloys: Stephen S. Instoag ) ) ’

Taro Sumitomé Arne K. Dahlé; 1The University of Queensland, temperature (ZST zero ductility temperature) (ZDT).
Dept. of Ming., Mins. and Mats. Eng., Brisbane, Qld 4072 Australia 9:50 AM Break
Strength measurements reported in the literature show a significantlo_20 AM

deviation in results for semi-solid material tested in shear and in uniaxial , "
tension. This therefore raises the question of whether different defor-
mation mechanisms apply and which are the important with respect to
predicting the formation of various defects, such as hot tearing, sur-
face cracking and burst feeding. In this work, the strength develop-
ment during solidification of various aluminium alloys has been mea-

sured with two different techniques-horizontal tensile testing and di- L ) -
. cast parts and to the productivity of continuous casting processes sug
rect shear cell testing. The strength results from the two methods : ; . .
as the direct chill casting of aluminum alloys. As an example, the

correspond to a much higher degree than suggested by the results

. . = . _~_Casting speed of the direct chill casting of billets is limited for some
presented in the literature. Constitutive equations for the mechanical P O :
. . . : . “aluminium alloys because of their high propensity to develop hot tears
properties of the mushy zone over the whole solid fraction regime, ie.

e which initiate at non zero liquid fraction at the bottom of the sump. In
from coherency to complete solidification, can be developed based on . : e
. order to predict the occurrence of hot tears in solidifying parts, a hot
these strength measurements. These equations can be used for the_ o o ; 2 -
- . ; earing criterion based on the ability of the interdendritic flow of liquid
prediction of stress development as well as defect formation. An im-

. . . to compensate for the thermally-induced deformation of the roots of
portant component of the analysis of the mechanical properties of . ;
. ) ) ._dendrites has been recently derived by Rappaz, Drezet and Gremaud.
the mushy zone is the fraction of the cross-sectional area that is - .
. ; . Based upon a mass balance performed over the liquid and solid phases,
capable of supporting an applied load through the formation of a . L - .
. : . . . . this criterion accounts for the deformation of the solid skeleton per-
continuous solid network. Consequently, the formation of solid-solid : . . )

. ; Lo pendicularly to the growing columnar dendrites and for feeding of the
bridges and their contribution to the strength of the mushy zone was: g T Y . : .
investioated by comparing mushy zone strenath to measurements o#nterdendrltlc liquid: it allows the calculation of the maximum strain

g Y P g y 9 rate that the roots of the dendrites can undergo without initiation and/

tensile strength at temperatures just below the solidus temperature.Or ropacation of hot tears. The present paper gives a summary of the
This information was then used to estimate the fraction of the cross- propag : P paper g M

. ) - L main features and assumptions of the new hot tearing criterion. The
sectional area of the mushy zone where solid-solid bridging had oc- . - . S . )
equations defining the hot cracking sensitivity index in the particular

A New Hot Tearing Criterion: Application to DC Casting of
Aluminum Alloys: Jean-Marie Drezét Michel Rappa¥% !Laboratoire
de Metallurgie Physique, Ecole Polytechnique Federale de Lausann
MX-G, Lausanne CH-1015 Switzerland

Hot tear is one of the most serious defects which a casting ca
suffer. It represents a major limitation to the production of foundry

MONDAY AM

curred. case a thermally-induced deformation rate which is uniform in the
9:10 AM mushy zone are presented. Then, the model is applied to the particular
Tensile Deformation Behaviour at Above Solidus Temperatures case of the DC casting of billets of aluminum alloys. The maximum
in Aluminium Alloy 5083: John Anthony Spittle Jonathan Jamés strain rate sustainable by the mushy zone is derived at the bottom of
Stephen G.R. BrownMichael E. Keeble University of Wales, Matls. the sump and in the primary cooling zone. It is demonstrated that the
Eng. Dept., Singleton Park, Swansea, Wales SA28PP UK bottom of the sump is more sensitive to hot tearing than the primary

A tensile testing technique has been developed specifically for ex-cooling zone, thus limiting the casting speed and therefore the produc-

amining true stress/true strain behaviour at above solidus temperadivity of the process.
tures. ASSET (the Advanced Semi-Solid Elongation Test) applies AC | ..
Joule heating to rapidly reheat specimens from DC-cast ingots to thelo'40 AM

9 pialy. pec } ng . “Application of Solidification-Stress Model to Predict Critical
test temperatures. Specimen and grip geometries are designed using & . . - .
finite difference thermal model, such that a test temperature is main- hell Thickness for Breakouts During Continuous Casting of

’ P Steetl Chunsheng L Brian G. Thomaks !University of lllinois,

~+/- . - ;
tained at ~+/-2 degrees K over a gauge Iength_ of 20mm. Strain mea Mech. & Industrial Eng., 140 Mech. Eng. Bldg., 1206 W. Green St.,
surements are carried out using a non-contact linescan camera metho
: L ; . : . rbana, IL 61801 USA
The fraction liquid at a given test temperature is determined using a . . . . I
thermodynamic model assuming Scheil non-equilibrium freezing. The During continuous casting, excessive gap formation in the mold can
y g d g lead to a locally thin solidified shell with a higher surface temperature.

test has been applied to the study of 5083 ajuminium alloy at severaIThis can cause a breakout if the strength of the shell is insufficient to

test temperatures and crosshead movement rates. The data has been . . .
. withstand the ferrostatic pressure at mold exit. A finite element model
evaluated and plotted as true stress/true strain and the curves have been

. : } ; .~ " “has been developed to simulate thermal and mechanical behavior of
analysed using a simplex approach. The influences of fraction liquid,

; . } ; . "the solidifying shell during continuous casting of steel both in and
strain rate, strain and microstructure on deformation characteristics o . I
; ) below the mold. It features an elastic-viscoplastic creep constitutive
are described and discussed.

equation that accounts for the different responses of the semi-solid,

9:30 AM delta-ferrite, and austenite phases. The model is applied to predict
Mechanical Behavior of Carbon Steels in the Temperature temperature, stress, and strain in a section through the steel shell cast
Range of Mushy Zone Dong Jin Sedl Young Mok Wohn Tae-jung under conditions that lead to varying degrees of shell growth and

Yed; Kyu Hwan OB, 1Seoul National University, Matls. Sci. and Eng., surface cooling. At mold exit, ferrostatic pressure is applied and the

San 56-1 Shinrim-dong, Lab. of Matls. Deformation and Processing, mechanical response is predicted. The results suggest critical condi-

Seoul 151-742 Korea tions that lead to excessive strain and failure of the shell for different
Tensile strength and ductility of carbon steels have been measuredteel grades.

in the temperature range of mushy zone by the in-situ melting tensile 1:00 AM

test technique with Gleeble system. The specimen was melted an Cracking Phenomena of AISI 304 Stainless Steel Produced by

cooled to the test temperature before the tensile deformation in order_l_Win Roll Strip Casting Process D. K. Choo: S. I. Jeong M. J.

to get the mechanlcal propertles SUbeaCt. to the continuous CaStIr"gHal; S. H. Kimt; S. Le&; !Research Institute of Industrial Science &
process. During hot tensile test, a ceramic fiber tube was used to reducq_echnology Strip Casting Project Team, P.O. Box 135, Pohang

the radial temperature gradient in the heated specimen. Tensile Strengtﬁ](yongbuk 790-600 Korea?Pohang University of Science & Technol-

of carbon steels in the temperature range of mushy zone increased - .
with decreasing test temperature, and was well described by the modi-gg%’ KMOartel'aSCI' & Eng., San 31 Hyojadong, Pohang, Kyongbuk 790



=
o
5
=
>
=

Cracks occurring on the surface of AlISI 304 stainless steel produced
by strip casting process was investigated and the causes for their occur-

rence were postulated. The sections of as-cast strip near the crackedDiS|Ocati0ns and Microsca|e PlaSUClty

region were cut and polished to reveal microstructural change, and the . . .
cracked region was fractured to investigate the location of crack initi- MOde“ng. Theory and MOde“ng of
ated area using optical and scanning electron microscopes. The DiSIOcationS

fractography showed that the crack was initiated at the tip of dendrite . . . .
of solidified shell and propagated along the path to the segregated SPoNnsored byASM International: Materials Science

liquid film between primary dendrites and the fractured surface was Critical Technology Sector, Materials Processing and
heavily oxidized from atmosphere, as this was typical in solidification Manufacturing Division, Structural Materials Division, Jt.

cracking at high temperature. The reason for the occurrence of solidi- Njechanical Behavior of Materials. Ji. Computational
fication cracking in the strip casting process was uneven stress distri- Materials Science & Engineering '

bution in the solidified shell during solidification: when the local ten- . . . .
sile stress in the delayed solidification region exceeded the critical Program OrganizersElizabeth Holm, Sandia National

strain limit of the shell at high temperatures, the crack would be Laboratories, Albuquerque, NM 87185-1411 USA, Diana
formed at delayed solidified shell. The causes for the uneven solidifica- Farkas, Virginia Polytechnic Institute and State University,
tion were local heat transfer barriers on roll surface, such as contami- Department of Materials Science and Engineering,

nated oxide debris on roll surface, oxide scum entrapped at meniscus Blacksburg, VA 24061 USA; Jeffrey Rickman, Lehigh

and melt level fluctuation. The tendency of crack occurrence was also . . . . .
dependent on the chemical composition of molten steel and the cool- UNiversity, Department of Materials Science and Engineer-

ing rate of the solidified strip.

11:20 AM
Effect of Gap Distance on the Cooling Behavior and Micro-
structure of Indirect Squeeze Cast and Gravity Die Cast 5083

ing, Bethlehem, PA 18105-3195 USA, David J. Srolovitz,
University of Michigan, Department of Materials Science
and Engineering, Ann Arbor, M1 48109 USA; Vaclav Vitek,
University of Pennsylvania, Department of Materials

Wrought Al Alloy : Jong Hyeon Lele Hyoung Seop Kirfi Chang
Whan Worn; Seong Seock ChpByong Sun Chuh !Chungnam Na-
tional University, Rapidly Solidified Matls. Rsch. Ctr., 220 KungDong,
Taejon 305-764 Korea Monday AM

An indirect squeeze casting process applied to a wrought Al alloy March 13, 2000
(Al-4.7Mg-0.7Mn) was investigated experimentally and numerically.

A two-dimensional finite element computer code for fully coupled Sessjon ChairVVaclav Vitek, University of Pennsylvania,

heat transfer and deformation analysis, ABAQUS, was used to simulate Materials Science & Engineering Philadelphia PA 19104
the cooling curves obtained from the experiments. Thermal contrac- USA ! !

tion of the material during solidification creates a cavity between the
mold and the cooling material. The formation of this cavity is ex-
plained using the calculated results. The experimental and predicted g:30 AM Invited
results are discussed in conjunction with the relationships between the pynamic Simulation of Dislocation Microstructures: Richard
cooling rate, microstructure, die geometry and applied pressure. The | eSap: 1Los Alamos National Laboratory, MST-8, MS G755, P.O.
effect of applied pressure on the macrosegregation is also discussed. Box 1663, Los Alamos, NM 87545 USA
One approach to bridge the gap between the atomistic scale and
macroscopic materials response is a simulation in the intermediate, or
Steel Casting Rate Increase Alexey N. Lozhko Viktor M. mesoscopic, regime that focus_,es on the cgllective prgperties of the
Olshanski; Vladimir I. Timoshpolskj State Metallurgical Academy defects. For problems in materials deformation, a promising approach
of Ukraine, Thermal Eng. Dept., 4 Gagarin Prosp., Dniepropetrovsk S d|sloc§1t|on d_ynamlcs, in which the _dynam|c motion and patterning
UA 320635 UkrainezByelorussian State Politechnical Academy, 2  ©f the dislocations themselves are simulate. There are a number of
Kondrat Krapiva Str., Minsk BA 220117 Belarus, Republic challenges in implementing d|s|oc§t|on dyr_]am|cs, |nc|ud|ng the accu-
The maximum increase in continuous steel casting rate is predeter-"ate treatment of the long-range interactions, the non-linear-elastic
mined by economical reasons. Thermal stresses acting as the factorsShort-range interactions, etc. We will briefly review progress to date.
limiting the process, arise as a result of cooling rate inconsistency We Wil then present results from a recently-developed three-dimen-
between different ingot points. Underestimation of this effect brings Sional method for calculating dislocation microstructures based on
forth the appearance of inner cracks or residual stresses. By changingMonte Carlo and Kinetic Monte Carlo approaches. The advantages
the crystallizer profile it is possible to sufficiently diminish thermal ~and disadvantages to this approach relative to the more standard dislo-
stresses effect on casting rate. The experimental research of thermalcation dynamics simulations will be discussed. Time permitting, we will
stresses during solidification is very costly (in Ukraine). That is why Present an alternative approach to simulating dislocation microstruc-
adequate computer modeling of the process is becoming vital. The tures that yields coarse-grained structures and properties.
conjugate 3-D thermo-mechanical state model of the bar-crystallizer 9:10 AM
system was the basis of the multi-fold analysis of the process. The Three-Dimensional Dislocation Dynamics Simulations of Stack-
paper presents the crystallizer profiles computed for certain occurancesing Fault Tetrahedra Formation using Anisotropic Elasticity:
and the results of their experimental implementation. Moono Rhee Brian D. Wirth; James S. Stolken tLawrence Livermore
National Laboratory, Chem. and Matls. Sci. Directorate, P.O. Box
808, L-356, 7000 E. Ave., Livermore, CA 94551 USA
The formation of Stacking Fault Tetrahedra (SFT) in Face-Cen-
tered Cubic (FCC) metals is studied using both Molecular Dynamics
(MD) based on embedded atom method potentials and Dislocation
Dynamics (DD) simulations. MD simulations suggest that SFT form
via the spontaneous decomposition of Frank partial dislocation loops
into stair-rod partial dislocations and Shockley partial dislocations,
which subsequently glide to form the SFT; as initially proposed by
Silcox and Hirsch. Three-dimensional DD simulations utilizing fully
anisotropic elasticity are performed to study the influence of disloca-

4

Science and Engineering, Philadelphia, PA 19104 USA

Room: Lincoln A
Location: Opryland Convention Center

11:40 AM
Computer Based Analysis of Thermal Stresses for Continuous



tion mobility, stacking fault energy, and elastic anisotropy on the potentials of the Finnis-Sinclair type. This comparison enables us t
formation mechanism for a variety of FCC metals. This work is per- assess the importance of directional bonding on the dislocation co
formed under the auspices of U.S. Department of Energy and Lawrencestructure and thus mechanical behavior of the 4d and 5d transitio|
Livermore National Laboratory under contract No. W-7405-Eng-48. metals. This research was supported in part by the Advanced Strateg
Computing Initiative of the U.S. Department of Energy through LLNL,

9:30 AM

Simulation of Equilibrium Distribution of Dislocation Struc- grant no. B331542 (MM and V).

tures in Bcc Single Crystals under Cyclic Loading S. B. Binef; 10:50 AM

J. R. Morrig; 'Ames Laboratory, lowa State University, Metallu. and The Barrier Strength of Mismatch Dislocations Satish |. Rag

Ceramics, Ames, |IA 50011 USA Peter M. Hazzledire UES Inc., 4401 Dayton-Xenia Rd., Dayton,
Collective motion of large number of discrete edge dislocations in OH 45432 USA

bcce single crystals under cyclic loading is investigated using a numerical In order for layered materials to yield, mobile dislocations must bdg

method that combines the finite element method and multi pole ex- able to cross the layer interfaces. The barrier to motion through th
pansion algorithm. The dislocations are modeled as line defects in ainterface contains several components. In semicoherent multilaye
linear elastic medium. At each instant, superposition is used to repre-one of the most significant components is the set of mismatch (va
sent the solution in terms of the infinite-medium solution for the der Merwe) dislocations. The separation of these dislocations, d, dd
discrete dislocations and a complementary solution that enforces thepends on the lattice parameter mismatch and the degree of coheren
boundary conditions. Annihilation of dislocations, generation of new hence on the layer thickness. The barrier stress has two closely relal
ones and dislocation pinning at obstacles are simulated through a set ofparts, first the requirement to bow the mobile dislocation between th
constitutive models. The evolution of Bauschinger-effect and harden- mismatch dislocations and second, the requirement to leave a ‘differ-
ing and softening behavior is correlated with the cyclic load levels and ence’ dislocation at the interface. The paper describes EAM atomistic
the parameters of the constitutive model for the collective behavior simulations designed to test and refine the analytical estimate for this
of dislocations. The details of the implementation of the numerical stress of a Gb/d.

method for parallel computing in a cluster environment will also be

elucidated. This work was performed for the United States Department
of Energy by lowa State University under contract W-7405-Eng-82.

11:10 AM
Systematic Analysis of Dislocation Junction Reactions in Bcc
Metals Using Anisotropic Elasticity,. James S. Stélk&n Lawrence

9:50 AM Livermore National Laboratory, Chem. and Matls. Sci. Directorate,
Kinetics of Slip and Plasticity Including a Distribution of Ob- P.O. Box 808, L-356, 7000 E. Ave., Livermore, CA 94551 USA

stacle Sizes and Load Shedding Glenn S. Daehh !The Ohio Anisotropic elasticity calculations were performed to estimate the
State University, Dept. of Matls. Sci. and Eng., 2041 College Rd., intrinsic strength of dislocation junction reactions in both Group VB-
Columbus, OH 43210 USA VIB transition metals, and Iron. A dislocation phase space description

Over the past few decades there has been much interest in describings used to systematically categorize junction formation reactions for
plastic deformation as a classical kinetic problem of the thermal acti- dislocations on {110}, {112}, and {123} slip planes: identifying <24
vation of a dislocation over a barrier, where an external stress providesunique junction reactions that comprise the 1176 possible reactions.
a driving force tending to push the dislocation over an obstacle. The Regions in which repulsive or neutral dislocation reactions (i.e. jogs)
approach almost invariably implicitly assumes that the obstacles are may occur are also identified. The calculations form a critical link
of a single uniform size and shape and the driving force at each ob- between microscale phenomena of dislocation interaction and the
stacle is also fixed. These are both clear oversimplifications. Presently formulation of mesoscopic models of crystal plasticity by establishing
the effects of a spectrum of obstacle sizes as well as slip-induced loada taxonomy of dislocation interactions. The resulting catalog of dislo-
shedding will be studied and are shown to produce significant changes incation reactions indicates the relative strength of dislocation junc-
the modeled material behavior. A stochastic cellular automaton model tions, imposes certain symmetry restrictions for physics based hard-
is used to construct the model. One of the most exciting aspects of thisening models, and suggests specific latent hardening experiments to
approach is that using only very simple and reasonable assumptionsmeasure the influence of junction formation on the work hardening of
many commonly-observed creep and plasticity phenomena (such asBCC metals. This work is performed under the auspices of U.S. Depart-
anelastic backflow and power-law strain-time creep transients) natu- ment of Energy and Lawrence Livermore National Laboratory under
rally emerge and aspects of this behavior can be correlated to thecontract No. W-7405-Eng-48.

assumptions in a given model. 11:30 AM

10:10 AM Break Primitive Dislocation Loops in Face-Centered Cubic Crystals

) Craig S. Hartley; U.S. Department of Energy, Office of Science, SC-
10:30 AM 131, Germantown, MD 20874 USA
Study of the Dislocation Cores in Bcc Transition Metals Using ! '

S . - . The effect of crystal structure on atomic displacements near the
Bond-Order Potentials: Importance of Directional Bonding dislocation core cannot be included in local continuum models of dislo-
M. Mroved; R. Porizek D. Nguyen-Mank D. G. Pettifo?; M. Sol#;

V. Vitek: 1University of Pennsylvania, Dept. of Matls. Sci. and Eng., cations. Atomic models of dislocations using appropriate interatomic

. . . . potentials can provide this information, subject to limitations im-
36263:: \gvfa:\;:;sSt"pz?kl?f;phg;(fzg %)iggPL:ﬂgﬁ'EwsetEtti %ff 2::052?:’8 posed by the choice of interatomic potential and boundary conditions
of I?/Iéterials A.éadem of éciences Zizkova 22 anO Czech yRe ublic on the atomic array surrounding the dislocation line. An intermediate
The coré structurg of screw dis]ocations in Ehe 4d' (Nb and TZ) and approach, the simulation of dislocations by non-local force arrays,
- . . . . shows promise as a method for modeling the atomic arrangements
5d (Mo and W) transition metals is studied by computer simulation near dislocations and other crystal defects. This method relies on the
using the recently constructed bond-order potentials based on the real-, . . o ) Y ; .
. . o . definition of a “primitive dislocation loop”, a non-local continuum
space parametrized tight-binding method. In this framework the en-

. ) I analogue to the infinitesimal dislocation loop of local continuum
ergy consists of the bond part that comprises contributions of d elec- theorv. The primitive loop consists of an arrav of forces applied to
trons, the central-force many-body part that reflects the environmen- Y- P P Y PP

. . the nearest neighbors of an atom. Magnitudes and directions of the
tal dependence of overlap repulsion arising from the valence sp elec- . ) -
- L LT . forces are chosen so that the far-field displacement field of the array
trons and a repulsive pair-wise contribution; the calculations scale

; ; . ) is identical to that of an infinitesimal dislocation loop centered on the
linearly with the system size. The potentials have been tested for the ) )
S . . atom. The locations of the forces are determined by the crystal struc-
accuracy and transferability by evaluating the energy differences of . . T .
) o . ture of the medium, i.e. by the coordination group surrounding an
alternate structures and investigating several transformation paths . ; ) .
; : ) A atom. Dislocation lines can then be constructed by superposition of
and comparing these calculations with the ab initio results. The study S ) ; :
. : . . . these primitive loops to form various shapes. Since the singular char-
begins with calculations of the gama-surfaces and is followed by simu- . - . o
h . ) acter of the force array is concentrated in the points of application of
lations of the structures of screw dislocations. The results are com-

. . - the forces, whose displacements can be estimated from atomic force
pared with analogous studies made using the central-force many-body ) - L :
constants, there is no singularity in stress or strain at the core of the
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dislocation. This model has been employed to determine the displace-8:50 AM
ment fields and energies of dislocations, kinks and jogs in the case ofEaring Behavior of AA6010 Aluminum Alloy with Different
an elastically isotropic, simple cubic lattice, but extension to real Preferred Orientations: Yansheng Lig Jiantao Lid; Xiang-Ming
structures relies on the construction of appropriate primitive loops. Cheng; James G. Morrig University of Kentucky, Light Metals.
Such loops have been constructed for the body-centered cubic latticeResrch. Labs., Dept. of Chem. and Mats. Eng., 117 Anderson Hall,
in anisotropic crystals. The present work extends this construction to Lexington, KY 40506 USA
the face-centered cubic lattice and describes the technique for deter-  Texture inhomogeneity through the thickness has been found in
mining properties of finite dislocation configurations. AA6010 aluminum alloy hot band. Annealing does not remove the
inhomogeneity but produces different textures. In order to understand
the earing behavior of the materials, samples for earing test were
prepared by slicing the original hot band in planes parallel to the
rolling plane. Samples with the typical texture at the midplane of the
hot band and with the textures at the surface of the hot band were
obtained separately. Earing of both the as received samples and an-
materials has increased significantly in the last decade. The constitu-nealed samples were measured. The results show that earing of differ-
ent samples and annealed samples were measured. The results show

tive equations for elastic-plastic and visco-plastic self-consistent that earing of different samples are tvbically controlled by their tex-
schemes will be presented and the advantages and limitations of the g P yp y y

models will be discussed. At Los Alamos National Laboratory the SCM ture_s. However, earing of the original hOt. band can not be simply
. S . - designated as the average of the several sliced samples.

of several materials has been correlated with in situ neutron diffraction

measurements of internal and residual elastic lattice strains. Further-9:10 AM

more, the SCM scheme has been incorporated into finite element Anisotropy and Texture Evolution of Cold-Rolled Al-Mg Al-

codes enabling predictions of complex non-uniform loading and arbi- loys: Seiichi Hirand; Masaru Nomura Sumitomo Light Metal Ind.,

trary geometries. We also discuss the use of SCM as a tool for interro-Limited, Rsch. and Dev. Ctr., 1-12 3-chome, Chitose Minato-ku,

gating the microstructural mechanisms, such as type and characterisNagoya, Aichi 455-8670 Japan

tics of slip and twinning systems, and their interactions. Texture evolution which leads to the earing behavior of a drawn cup

of cold-rolled Al-Mg alloy sheet was investigated by two different

process materials, with and without intermediate annealing during cold

rolling. The samples without intermediate annealing had 6 or 8 ears on

11:50 AM

Self-Consistent Modeling of Polycrystal Plasticity B. Clausef

Carlos N. Tomg F. Jean-Prost M. A.M. Bourke; 1Los Alamos Na-

tional Laboratory, MST-8, MS G755, Los Alamos, NM 87545 USA
The utilization of self-consistent modeling (SCM) of polycrystal-

line plasticity to predict internal and residual stresses in structural

General Abstracts: Aluminum and the cups, while ones with intermediate annealing had 4 ears. Eats at 0
and 180 to the sheet rolling (RD) are related to the intensity of the
TeXture Cube and RD rotated Cube texture’ &ars were related to beta fiber
Sponsored by;TMS components of the rolling texture, and the ratio of Brass and Cu
Program OrganizersMark E. Schlesinger, University of component intensities along the beta fiber was different between with

. . . . . and without intermediate annealing samples. Texture and microstruc-
Missouri, Department of Metallurgical Engineering, Rolla, . ng P : -
ture changes associated to the intermediate annealing conditions are

MO 65409-0001 USA; Alton T. Tabereaux, Reynolds Metals ;5o discussed.

Company, Smelter Technology Laboratory, Muscle Shoals, 9:30 AM

AL 35661-1258 US_A; Dar_] J. Thoma, Los Alamos National Analysis of Tensile/Compressive Deformation in Zirconium
Laboratory, Materials Science and Technology, Los Alamos, gent Beams G. C. Kaschner T. A. Masort: J. F. Bingert P. J.

NM 87545-0001 USA; Patrice E.A. Turchi, Lawrence Maudlint; tLos Alamos National Laboratory, Los Alamos, NM 87545
Livermore National Laboratory, Materials Science and USA
Technology Division. Livermore. CA 94551 USA Previous work has demonstrated that the deformation mechanisms

of this highly anisotropic low-symmetry metal may be dominated by
. either slip or twinning depending on strain rate, temperature, and
Monday AM Room: Knoxville A orientation. In the current study, we have loaded basal fiber textured
March 13, 2000 Location: Opryland Convention Center  zirconium beams of two orientations in 4-point bending to produce a
continuous stress-strain gradient across the thickness of the sample.
The macroscopic shape of the cross-sections was used to validate
predictive modeling efforts. The predictive modeling is based on an
anisotropic yield criterion that is a function of texture and deforma-
tion mechanism, ie., slip or twinning. Automated EBSP methods were

Session ChairMike O’Brien, Lawrence Livermore National
Laboratory, Livermore, CA 94551 USA

8:30 AM used to analyze twinning deformation modes as a function of position,
Comparison of Microstructure and Texture of AA3XXX Direct and hence sign and magnitude of strain, in the beam. These measure-
Chill Cast Ingot and Strip Cast Slab J. T. Lit; Y. Liu%; J. G. ments corroborated the basis for constructing our yield function. Re-

Morrist; University of Kentucky, Light Metals Resrch. Labs., Dept. Search supported by the US DOE, Basic Energy Sciences, Division of
of Chem. and Mats. Eng., 177 Anderson Hall, Lexington, KY 40506 Materials Sciences.
usa . . . 9:50 AM

Direct chill (DC) ingot and strip cast (SC) slab present significantly e Cooling and Solidification Behaviour of Aluminum and
different features in microstructure and texture. Both the microstruc- Ajuminum Alloys Weld: Kimioku Asaf; Eisaku Tokuchi Musashi
ture and texture of AA3105 DC ingot and AA3015 SC slab were 0b- |nstitute of Technology, Tokyo, Japan
served in this work for the purpose of determining the difference in Experiments on weld solidification were successfully carried out in
microstructure and texture between DC ingot and SC slab. The resultstig arc spot welding of thin plate. This second research was conducted
show that both the DC ingot and SC slab present a random texture andg, establish a practical, convenient method for evaluating the hot
nearly the same grain structure, however, the dispersion of particles ¢ acking susceptibility in Al-alloys weld. In addition to the tempera-
and the solute supersaturation condition of the alloying elements for ;e measurement in welding thermal cycle, the behaviour of the liquid
DC ingot and SC slab are very different. Consequently, the dispersion n solidifying in the grain boundary was investigated by revealing
of particles and the solute supersaturation condition of the alloying dynamically the liquid films in breaking surfaces with a newly devel-

elements significantly cont_ribute to the gre_at difference in mipro- oped high-speed breaking machine, and by observing them prudently
structure and texture evolution between DC ingot and SC slab in the it SEM. All those results including on solidification rate, cooling

following thermomechanical processing of these materials. rate, temperature gradient, and fraction solid were quantitatively gath-
6



electrocoats features texture-related effects of anisotropy of substru

ered in a diagram named CCSP (Continuous Cooling Solidification ’
ture and nonhomogeneity of granular structure.

Process) diagram. The result of the Varestraint Test carried out to
make hot cracking occur was also considered with the same diagram.
This series of operation enabled us to discuss the cooling and solidifi-
cation behaviour of weld in relation to the hot cracking susceptibility.

10:10 AM Break General Abstracts: Ferrous and
10:30 AM Refractory Metals
Fatigue Crack Initiation in Aluminum Alloys : Peter S. Pag Sponsored by:TMS

Steven J. Gilt Jerry C. Feng !Naval Research Laboratory, Washing- . . . .
ton, DC 20375 USA Program OrganizersMark E. Schlesinger, University of

Fatigue crack initiation from pre-existing corrosion pits of 7075 Missouri, Department of Meta"urglcal Engineering, Rolla,
and 7050 alloys was investigated using blunt-notched WOL specimens.MO 65409-0001 USA,; Alton T. Tabereaux, Reynolds Metals
The presence of corrosion pits not only reduces the fatigue crack Company, Smelter Technology Laboratory, Muscle Shoals,
initiation lives but also lowers the fatigue crack initiation thresholds A| 35661-1258 USA: Dan J. Thoma, Los Alamos National
by half. The effect of aging was studied by comparing the fatigue crack | o, ratory, Materials Science and Technology, Los Alamos
initiation of peakaged 7075-T651 to that of overaged 7075-T7351. . .

At high stresses, 7075-T651 exhibits longer fatigue initiation lives NM 87545-0001 USA; Patrice E.A. Turchi, Lawrence
than does 7075-T7351. However, at lower stresses, the differenceLivermore National Laboratory, Materials Science and

between the fatigue crack initiation diminishes. The effect of orienta- Technology Division, Livermore, CA 94551 USA
tion was investigated by comparing the fatigue crack initiation of SL

7075-T651 to that of ST 70‘75-Té_35_1‘. At h_|gh stresses, SL 7075- Monday AM
T651 demonstrates longer fatigue initiation lives than does ST 7075-
T651. Again at lower stresses, such differences disappear. Fatigue crac
initiation and identification of initiation sites and mechanisms are
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Room: Canal A
March 13,2000  Location: Opryland Convention Center

discussed. Session Chair:George Spanos, Naval Research Laboratory,
10:50 AM Washington, DC 20375-5000 USA

Improvements of 6063 Al-Alloy for Rapid Extrusions and Pos-

sibility of Reducing Their Tails: Abdel Haleem Ghaneya !Assiut 8:30 AM

Univer.sity, Mining and Metallu. Dgpt., Egypt Measurement of Burst Disc Properties Using Nanoindentation
This study was applied on an industrial scale of EgyptAlum Com- Neville R. Moody Steven L. Robinson Mike Chies& Sandia Na-

pany It is principally divided into two main branches. The first is tional Laboratories, P.O. Box 969, MS9403, Livermore, CA 94551-
concerned with the transformation of beta phase into alpha phase, am:b969 USA

at the same time, the dissolution of‘Mag.nesium silicide precipitgte. Stainless steel burst discs are used in many high hydrogen pressure
Both processes lead to ease the fabricability of the alloy by extrusion, applications to insure safe operation. These discs are formed to a

even at a rapid rate. The second branch deals with the possibility of yome jike geometry and scored to produce a thin-walled, high strength
reducing ingot tails. Manufacturers require ingots of 6063 free of Non- |\ ment heneath the score. However, little is known about how struc-
metallic inclusions of both ends. Our trial was carried out to achieve ture and properties in this ligament control burst pressure. As a conse-

mlnlmum non-met.alllc inclusions number. and size, ag well as thelr quence we used nanoindentation to measure properties and finite ele-
distribution per unit area at both end_s qf ingot. According to the first ment analysis to map stresses and strains in a 316L burst disc. The
branch, the temperature of homogenization was found to beCS80 nanoindentation results showed a more than two-fold increase in

holding time of 12 hours. 'This is sufficignt fqr pbtaining _the alpha strength due to scoring in good agreement with finite element results
phase and for the dissolution of Magnesium silcide precipitate. Cool- obtained using a strain hardening relationship to describe stresses in

ing was performed by using three fans, each providing 60000 meter 316, These results strongly suggest that the burst pressure is con-

cube of air per hour. By this specific cycle (heating, holding, cooling), trolled by dislocation interactions. The test techniques and results will

the beta phase transformation and magnesium silicide precipitation be discussed and used to show how a materials and mechanics approach
and its coalescence are prevented. As for the second branch, our trialﬁan provide accurate measures of small volume properties

give inconsistent results. Nevertheless 20% of the removed part can
be saved. 8:50 AM

Void Nucleation at Inclusions in Ultra-High Strength Steels
11:10 AM, . . . Luana E. lorig; Warren M. Garrisoh) Carnegie Mellon University,
_Characte_rlzatlon of Oriented Str.gcture in Cop‘per Electroclolat- Dept. of Matls. Sci. and Eng., Pittsburgh, PA 15213 USA
ings: Yuliya O. Proshenko Evgenii P. Kalinushkif Oleg B. Girirf; We have investigated the effects of carbon content on the strength

‘State Metallurgical Academy of Ukraine, Dept. of Phys. Metallu., 504 toughness of AF1410 type steels when the sulfur has been gettered
Prospekt Gagarina 4, Dnipropetrovsk 320635 Ukrafurainian as either chromium sulfide or as titanium carbosulfide. After temper-

State University of Chemical Engineering, Dept. of Matls. Sci., Prospekt ing at 510C for five hours the yield strengths were about 1500MPa,

Gagarina 8, Dnipropetrovsk 320005 Ukraine 1600MPa and 1710MPa for carbon levels of 0.16, 0.20 and 0.25wt.%,
A comprehenswe study into structurg evolution in copper electr_o- respectively. At a carbon level of 0.16wt.% the Charpy impact energy
lyte coatings at the stages of_nucleat|oq and growth O_f the major is about 180J when the sulfur is gettered as particles of titanium
component of texture was carried out using nonconventional X ray 4rhoguifide and about 100J when the sulfur is gettered as particles of
diffraction techniques in combination with scanning electron micros- ., .o mium sulfide. As the carbon and yield strength increase the tough-
copy and electron probe analysis. Following thermodynamic consider- ness decreases much more rapidly when the sulfur is gettered as tita-

ations were found to exert dominating influence on texture formation i, carhosulfide than when the sulfur is gettered as chromium sulfide
in copper electrocoats, namely grain boundary energy alone at thewhich could be due to the void nucleation resistance of the titanium

nucleation stage, _and grain boundary_ energy on e,q“a' terms with bulkcarbosulfide particles decreasing with increasing matrix strength while
energy at the grain growth stage. Anisotropy of oriented structure was e particles of chromium sulfide have low resistance to void nucle-
observed even at the texture formation onset and involved not only ation resistance at all strength levels. In this work the void nucleation

element size but also element shape. Thus for the major COMponentegistance has been determined for titanium carbosulfide and chro-

the nuclei height was almost four times greater than the average of theim syifide particles at strength levels ranging from about 1500MPa

two other dimension_s. A comprehensive analysis of evolgtion of tex- to 1710MPa. This work was funded by the Division of Materials
ture, substructure, microstructure and surface morphology in the COUrseRasearch of the National Science Foundation.

of copper layer growth revealed that the oriented structure of copper



9:10 AM tion with microscopic observations, and were correlated with impact
Use of Metallic-Glasses in MoSi2-Stainless Steel Joining  toughness. Specimens with the peak temperature raised t¢Q@350
Rajendra U. Vaidya Partha Rangaswartly Los Alamos National showed mostly martensite. With the peak temperature raised €900
Laboratory, MST-6, MS G770, Los Alamos, NM 87545 USA the martensite fraction was reduced, while bainite or martensite island

Residual stresses due to mismatch in elastic and thermal expansiofyere formed because of decrease in a prior austenite grain size and the
properties in ceramic-metal joints can lead to failure at the interface sjow cooling rate from the lower austenite region. As the martensite
or within the brittle ceramic. Low temperature brazing techniques fraction increased, hardness and strengths tended to increase, whereas
coupled with ductile interlayers alleviate this problem. However, the impact toughness decreased. However, impact toughness of the sub-
use of precious metal based brazes and the incorporation of thecritical HAZ with the peak temperature raised to 856700°C was

interlayer add to the complexity and cost of the joining process. We seriously reduced after post-weld heat-treatment (PWHT) since car-
have overcome these problems with the use of metallic-glass brazespjde particles were of primary importance in initiating voids.

This is a new idea that eliminates the need for separate interlayers in

ceramic-metal joining. We present the results of our preliminary join- 10:50 AM )

ing experiments using metallic-glasses. Stainless steel 316L and mo-Nanocomposite Magnets: D. J. Branagaf; 1Bechtel BWXT Idaho
lybdenum disilicide were successfully brazed using a cobalt based metal-LLC, 1daho Nat. Eng. and Environ. Lab., 2351 N. Blvd., Idaho Falls,
lic glass. Issues pertaining to the interfacial chemistry, joint strength !D 83415-2218 USA
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and residual stresses are presented here. The realization of high energy densities in permanent magnetic

materials requires careful control of both the composition and the
9:30 AM processing conditions in order to develop appropriate microstructures
Stress-Rupture Strength and Creep Behaviour on Molybde- capable of storing high energy densities. It will be shown that nanoscale
num-Rhenium Alloys: Bernd Fischet; Dietmar Freund Samantha metal matrix composite microstructures can be developed in modified

Baxter; Jan-C Carlefy Todd A. Leonhardt ‘Fachhochschule Jena,  Nd-Fe-B alloys by careful selection, manipulation, and control of the
Dept. of Matls. Tech., Univ. of Appl. Sci., Jena D-07745 Germany; alloying elements. The development of composite microstructures in
2Rhenium Alloys Inc., P.O. Box 245, Elyria, OH 44036-0245 USA  hard magnetic materials is a novel approach resulting in many benefi-

Due to the outstanding properties of molybdenum and rhenium, cjal effects on the resulting structure/processing/property relation-
which have very high melting points and excellent strength at el- ships

evated temperatures, molybdenum-rhenium alloys are valuable mate-
rials in applications where high strength at high temperature is re-
quired. The manufacturing processes of Mo-Re alloys can be tailored
so as to enhance the mechanical properties of the part. The design

engineer and manufacturer need exact information on the creep be-General Abstracts: Materials
havior, and stress-rupture strength at elevated temperatures. After anProceSSing and Fundamentals

extensive literature search of the technical literature, relatively few

reports were found on the mechanical properties of molybdenum- Sponsored byTMS

rhenium alloys, so an investigation was set forth using a special test Program OrganizersMark E. Schlesinger, University of
facility for measuring high melting materials at temperatures up to Missouri, Department of Metallurgical Engineering, Rolla,
3273K under a protective atmosphere. The stress-rupture diagramsMO 65409-0001 USA: Alton T. Tabereaux Reynolds Metals
were determined for the molybdenum-rhenium alloys with rhenium ' ) '

contents between 41 and 51 weight percent at test temperatures opompany' Smelter TEChnomgy Laboratory’ Muscle Shoals,
1473K, 1873K and 2273K at 0.1 to 10 hours creep rupture times. AL 35661-1258 USA; Dan J. Thoma, Los Alamos National

Laboratory, Materials Science and Technology, Los Alamos,

9:50 AM . .

Effect of the Carbide Solution Heat Treatment of ASTM-75 N_M 87545'000_1 USA,; Patrice E.A. Tur.ChL Lawrence
Alloys on the Wearing Behavior of the UHMWPE Material: Livermore National Laboratory, Materials Science and
Edgar Guerra Martinez H. M. Mancha&, A.J. U. Perez H. Lopez; Technology Division, Livermore, CA 94551 USA

1Centro de Investigacion y Estudios Avanzados del IPN, Tribology,
EZAarr_. Sfazltlllq-Morjterrey Km 13, P.O. Box 663, Saltillo, Coahuila ?5000 Monday AM Room: @nal E
exico; 2Universidad Autonoma de Nuevo Leon, Monterrey, RUni- . .
versity of Wisconsin, Milwaukee, Wi USA March 13, 2000 Location: Opryland Convention Center
Today, one of the most important problems that face metallic hip
and knee prostheses researching is the wear of polymeric and metallicSession ChairA. K. Vasudevan, Office of Naval Research,

materials used manufacture orthopedic implants to rehabilitate pa- Code 332 Arlington VA 22217-5660 USA
tients with no longer functional joints. The aim of this researching ' '

work was to study the effect of some surface modifications on an
ASTM-F75 alloy on the wear rate of UHMWPE in order to decrease 8:30 AM

the amount of particles produced by sliding of the metal against the Experimental Comparison of the Intrinsic Jump Frequency
polymer. The desired amount of particles being that which can be Formalism with the Traditional Darken-Manning Formalism
removed via the patient lymphatic system. To study the wear proper- for Describing Diffusion in Cu-Ni-Zn: Robert T. DeHoff Nagraj
ties, specimens of ASTM-F75 alloy were prepared by precision invest- Kulkarnit; 1University of Florida, Dept. of Matls. Sci. and Eng.,
ment casting process, surface treated, and tested against UHMWPE afsainesville, FL 32611 USA

37°C, applying two types of lubricant solutions (distilled water and Earlier presentations derived the following expression for the in-
Ringer solution). trinsic flux of component k in a multicomponent system: where Ck is
the molar concentration of component k, yk is the composition de-
pendent jump frequency of component k determined in a tracer diffu-

10:10 AM Break

10:30 AM sion experiment, y is the jump distance and yk is a factor that reports
Microstructure and Impact Toughness of Heat Affected Zones the extent to which the atom jumps are biased. All of the information
of an SA 508 Steel Sangho Kirfi Sunghak Lee Soon Ju Kwoh Joo in this equation is determinable from independent experiments except

Hag Kime; Jun Hwa Hong Nack Joon Kiny Pohang University of yk. The traditional Darken-Manning approach to the description of
Science and Technology, Matls. Sci. and Eng., San 31 Hyoja-dong, multicomponent diffusion uses tracer diffusion coefficients, thermo-
Nam-gu, Pohang, Kyoungbuk 790-784 Korédprea Atomic Energy dynamic information and a contribution derived from the vacancy
Research Institute, Nuclear Matls.Tech. Dev., Dajeon 305-600 Korea wind effect to compute intrinsic diffusion coefficients in the phenom-

In this study, microstructures of a heat affected zone (HAZ) of an enological description of the diffusion process. In this presentation
SA 508 steel were identified by Mossbauer spectroscopy in conjunc- these two disparate descriptions have been used to compute the e



perimental observables in a diffusion experiment (composition paths 9:50 AM

and profiles, Kirkendall shifts) for the system Cu-Ni-Zn. A simulation Thin Film Coated Glass Soldering F. Michael Hosking 1Sandia
based upon these sets of equations permits separate computation oNational Laboratories, Dept. 1833, P.O. Box 5800, MS0367, Albu
the experimental observables with each of the various influences as-querque, NM 87109-0367 USA

sumed to operate in each formalism. This allows a definitive assess- Conductive adhesives and solders are generally used to join so(
ment of the effect that each of these factors has in predicting the lime glass to itself and other materials. Soldering usually requires mg
experimental observables and a definitive comparison of the two ap- allization of the glass. Two thin film glass coatings, Cr-Pd-Au and Cr
proaches. Ni-Sn, were investigated. Glass-to-glass test specimens, metallized w
Cr-Pd-Au and soldered with 60Sn40Pb solder, had shear strengths {
proaching 16.5 MPa. Similar Cr-Ni-Sn coated specimens gave high
strengths, 20-22.5 MPa, with failures primarily in the glass. Surfac
roughness of the glass pieces also affected the coating uniformity a

8:50 AM
Asymptotic Decay Analysis of Phase Coarsening DataSteven
P. Marsh; INaval Research Laboratory, Code 6325, 4555 Overlook

Ave. SW, Washington, DC 20375-5343 USA bond strength. Solder wetting and shear test results are discussed.

incrlg(seepirr:)?:\iSZvoefr;heaseari(i)celiésiinzlgg I;zvsscs:a!)éa?'g:rqitgle?s beys;hework was conducted at Sandia National Laboratories, a multiprogral
. . ge par ’ o 91 enIaboratory operated by Sandia Corporation, a Lockheed Martin Co
tially a relaxation process driven by a reduction in the excess interfa-

. . ) : ~_pany, for the United States Department of Energy under Contract D
cial energy of a multiphase structure. Analysis of coarsening data via pany P 24 D

the decay of a global property, such as specific surface area, introducesACO4-g4AL85000'

a non-arbitrary temporal parameter that relates the experimental clock10:10 AM
to an asymptotic time scale. This approach permits the fitting of data Preparation of Silica Fibers from a Suspension Hiroyuki
at earlier times, where the driving force is greatest, and more accurateNakamura; Akira Shimizw; Yoko Suyamg Eiichi Abel; Noriyuki
determination of the power-law rate constant. Implications of this Yamada; 'Kyushu National Industrial Research Institute, Dept. of
approach on measurement and interpretation of coarsening kineticsInorganic Matls., 807-1, Shuku, Tosu, Saga 841-0052 J&Sammane
will be discussed. University, Dept. Matl. Sci., 1060, Nishikawazu, Matue, Shimane 690-
8504 Japan

Fibrous silica was prepared by drying silica particle suspension. The
silica fibers were obtained only on walls, which were wetted well by the
suspension. The fibers were made of roughly close-packed silica par-
ticles. Widths of the fibers were affected by some preparation condi-
tions. In this study, wider fibers were obtained under these conditions:
higher silica particles concentration, larger particle diameter, and lower
drying temperature. From an observation of a generation of fibers, the
formation mechanism was considered as following; When a dispersion
of silica was dried, a silica film made of silica particles were generated
“on a wall. During drying, since the shrinkage ratio of the film depends
on the distance from the surface of the suspension, stress whose direc-
tion is parallel to the suspension surface arises. Because of the hori-
zontal stress, the cracks are considered to proceed to the downward to
generate silica fibers.

MONDAY AM

9:10 AM +
Microstructural Evolution of Solid-Liquid Mixtures : Victoria A.
Snydet; Jens Alkempér Peter W. Voorheés Northwestern Univer-
sity, Matls. Sci. & Eng., 2225 N. Campus Dr., Evanston, IL 60208-
3108 USA

The coarsening of solid Sn particles in a Pb-Sn eutectic liquid was
studied under microgravity conditions during the Microgravity Science
Laboratory-1 mission. A clustered structure of particles exists at the
beginning of the experiment for samples containing 10% and 20%
volume fractions of coarsening phase. The coarsening of such a clus
tered structure of particles was studied via numerical simulations of
coarsening using the approach developed by Akaiwa and Voorhees.
Theoretically predicted particle size distributions and spatial correla-
tion functions will be directly compared to the results from the space-
flight experiment. Furthermore, the microstructure in samples con-
taining 50% and 70% coarsening phase (where a percolated structurel0:30 AM Break
of particles is present) was examined in orientation space using orien-lo_50 AM
tation imaging microscopy. Electron back-scattered diffraction pat- Fo.rmation of Cu-Ni-Zr Amorphous Powders with Significant
terns were used to determine the misorientation between contacting P ; ) . ;

Supercooled Liquid Region by Mechanical Alloying Technique

?uar:(tzlt(i:(l)isv;fh\,\(lj)”arzzgae Ti\r/stlsunon of the misorientation distribution Pee Yew Leg Chung Kwei Lit; G. S. Chefj *National Taiwan Ocean
9 ’ University, Instit. of Matls. Eng., 2 Pei-Ning Rd., Keelung 202 Tai-

9:30 AM wan; 2Feng-Chia University, Matls. Sci., Taichung 400 Taiwan
Elevated Temperature Mechanical Properties and Microstruc- Recently, the studies on amorphous alloys were focused on the
ture of a Ag-Cu-In-Ti Active Metal Braze Alloy: John J. Stephehs formation of bulk amorphous with a distinct supercooled liquid regions

Thomas E. Buchheit :Sandia National Laboratories, Matls. Joining by using the traditional melt quenching technique, even water quench-
Dept., P.O. Box 5800, MS0367, Albuquerque, NM 87185-0367 USA ing are quite active. However, the composition of the material for the

Commercial Ag-Cu-In-Ti active metal braze alloys such as Incusil production of bulk amorphous alloys by quenching method is limited
ABA (TM of WESGO Metals, Inc.) are attractive for metal-ceramic by the necessary low cooling rate. Changes in composition, therefore,
brazing applications because they eliminate the need for metallization strongly affect the glass forming ability and hence the required cooling
of the ceramic and have relatively low braze process temperaturesrates to obtain bulk amorphous samples. In comparison to quenching
(=750°C). We have studied the elevated temperature mechanical prop-techniques, amorphization by mechanical alloying process offers an
erties of Incusil ABA using compression testing over the temperature alternative way which might be a promising method for the formation
range 150-55TC. For the case of constant load creep data, the mini- of a bulk amorphous with an obvious supercooled liquid region through
mum strain rate as a function of stress and temperature can be reprethe powder metallurgy route. In this study, we have investigated the
sented by the Garofalo sinh equation. Based on compressive stresspossibility of preparing amorphous Cu-Ni-Zr powders by mechanical
strain results, the 0.2% offset yield stress and work-hardening slope alloying. The results indicated that several amorphous alloy samples
for this alloy are observed to have a maximum in the temperature were found to exhibit a wide supercooled liquid region before crystalli-
range of 100-15TC. This effect is discussed in view of the microstruc- zation. This is believed to be the first evidence for the appearance of
ture of this alloy, which contains a significant volume fraction of a supercooled liquid region for mechanically alloyed Cu-Ni-Zr amor-
Cu2InTi ordered intermetallic compound. Low force nanoindentation phous powders. The origin of the significant supercooled liquid region
test results will be presented which quantify the relative hardness of of these new alloys is discussed.
this phase compared to the Cu-rich phase and the Ag-rich matrix of ...
this braze alloy. Sandia is a multiprogram laboratory operated by Sandia 11:10 AM ) ) )

' A Thermodynamic Model for Mechanical Alloying: Saheb

cE:r?g:oraljlr?(?éractl)_r?ttzzfeDdE MAaCr(;I: gioATég%g)é for the U.S. Dept. of Nouarit; Abdul Razak Daug Shahidan Radim&nRedzuwan Yahaya
9y ) ) ’ 1University Kebangsaan Malaysia, Dept. of Matls. Sci., Faculty of
Physical and Appl. Sci., Bangi, Selangor 43600 Malay&imjversity
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Kebangsaan Malaysia, Dept. of Nuclear Sci., Faculty of Physical and

Appl. Sci., Bangi, Selangor 43600 Malaysia .
Mechanical alloying is a useful technique to produce different mate- General Non-FerrOUS Pyrometa”urgy-

rials. Despite it's importance a few attempts has been made to model Industrial Operations and Recyc"ng

the fundamental process on one hand and to explain thermodynami- . . L7
cally the mechanism of mechanical alloying on the other hand. In the Sponsored byEXtraCtlon & Processing Division, Pyromet-

present study, an attempt to develop a thermodynamic model for solid @llurgy Committe_e _
solution formation by mechanical alloying is presented. The main Program OrganizersRobert L. Stephens, Cominco

objective of the work is to describe from a purely thermodynamic Research, Trail, British Columbia V1R 4S4 Canada; Pekka

point of view the evolution of solution during mechanical alloying Taskinen Outokumpu Research Oy. Pori FIN-28101 Finland
based on the regular solid solution model, taking in to account the ’ ’

energy rise during alloying due to the generation of different defects.

Monday AM Room: Bayou B

11:30 AM i ;
A Study of Casting Filling Process Using Simulation Tools March 13, 2000 Location: Opryland Convention Center

Pongsakd Dulyapraphatt Patcharin Poosana@as Supparit
Lounkosonchdi Harit Sutabut; Panya Srichandy National Metal Session ChairRobert L. Stephens, Cominco Research,
and Materials Technology Center, Manufacturing and Design Tech. Trail, British Columbia V1R 4S4 Canada
Ctr., 9th Floor, Gypsum Metropolitan Bldg., 539/2 Sri-Ayudhya Rd.,
Bangkok 10400 Thailand

The application of computer simulation are being widely used and 8:30 AM . .
becoming extremely beneficial in improving casting process and in 1he Use of Ausmelt Technology at the Minsur Tin Smelter and
tooling design. The use of simulation provides an insight into how R_eflnery: Colette M. Ng Kgn R'_ Robilliard; *Ausmelt Limited, 12
each process related parameters affecting the quality of the casting. In'<itchen Rd., Dandenong, Victoria 3715 Australi&unsur S.A., KM
this study, the influence of filling process on the quality of casting will 240 Panamericana Sur, Pisco-Ica, Peru o
be investigated by using a casting simulation package. Different types The P(_eru_-based t'n, mining company, M'nSL_” S.A., comml_sspned
of gating systems will be simulated in order to identify how each Ausmelt Limited to_ design, supervise constrgctlon_, and commission a
component of the gating system contribute to the filling process. The tin smelter and refinery for production of refined tin metal. The plant

comparison between simulation results and experimental results will be is located 240 km south of lea,_n_ear P'SC(_)' Peru, anq is operated by
presented in order to verify the simulation results. Furthermore the Funsur S.A., a wholly-owned subsidiary of Minsur. Selection of Ausmelt

use of simulation results to detect some flow related defects will be 'echnology followed a series of crucible scale test work and pilot plant
studied as well trials conducted at Ausmelt’s facility in Dandenong, Australia and two

feasibility studies undertaken by Ausmelt in 1991 and 1993. Ausmelt

11:50 AM began the plant design in 1994 with the construction phase following
The Story of the Safety Related Problems in the Titanium In- in 1995. Commissioning of the plant commenced early in 1996 with a
dustry in the Last Millennium: Eldon R. Poulsen Tl + MG Phase 1 target throughput of 30,000 tonnes per annum of concen-
Consultant, 4360 Malaga Dr., Las Vegas, NV 89121 USA trates. In mid-1998, oxygen enrichment of the Ausmelt lance air was

The titanium industry dates back to the turn of the century. The introduced to expand the capacity to the Phase 2 throughput of 40,000
actual commercial production of the metal actually started in about tonnes per annum of concentrates. The process route involves the use
1950. By the end of the century, the industry was producing at the rate of an Ausmelt furnace for primary concentrate smelting, followed by
of over 100-million pounds per year. From a safety standpoint, the a conventional tin pyro-refining circuit to produce high-grade tin
best judge of the industry is to evaluate each of the fatalities that have suijtable for sale. Further work continues between Ausmelt and Funsur
been experienced during the last 50 years. These as well as other majoko investigate the use of an alternative, more economical fuel source
safety related problems such as fires will be discussed. Early on the and the installation of a second Ausmelt furnace. This paper reviews
problems was lack of knowledge with regards to furnace design and the project to date with details of ongoing operations and develop-
related explosions. The knowledge at the time was based on steelments at the Minsur Tin Smelter.
technology. The addition of the problem of hydrogen explosions was
a totally new problem. When molten titanium reacts with water, the
water breaks down and liberates the hydrogen which results in major
explosions. During the first 5 years of the industry, furnace explosions
killed a total of 6 employees. The next problem that plagued the
industry was that of fires and explosions from sponge and fines fires.
Fines fires and explosions killed a total of 3 employees. The third Japan . ) )
problem was confined space entry. Fatalities resulted from argon, ni- _Recentl_y, the treatment‘of industrial W_a_ste _materlals_ has bee_n a
trogen, and other inert gases. A total of 5 fatalities have been recorded S€"0US social problem here in Japan. Landfilling is now strictly prohib-

to date from these causes. This paper discusses each of the fatal inci_ited due to a limited land area and incineration method is also regulated

dents and explains the cause and effect. Safety committees were formed®© @s to not generate dioxins and furans (DXN). With this background,

and safe operating equipment and procedures were developed. ThreeOnahama Smelter has begun to treat automobile shredder dust in rever-

separate lists of safety recommendations are included, var furnace beratory furnaces to recover various metals such as copper, gold, silver

design and operation, handling and storage of titanium fines and spongeand pglladium without generation of DXI\_I._The tota}l volume of these_
and confined space entry based on OSHA standards. dusts is expected to be more than 1 million metric tonnes a year in
Japan. Onahama Smelter is now planning to treat about 20% of them

in the near future by using tonnage oxygen. In this paper, the heat
balance and control method of DXN in reverberatory furnaces and
treatment of these dusts are described.

9:20 AM
Precursors for PCDD/F Formation During Combustion of Elec-
tronic Scrap: Menad Nourredding Luled University of Technol-
ogy, Div. of Process Metallu., Luled Se-97187 Sweden

The flame retardant contained in the electronic scrap can form
dioxins (PCDDs) and furans (PCDFs). Their formation can be depen-
dent on the quantities of carbon, hydrogen, chlorine, and oxygen
present in a given system, as well as on parameters such as temperatuge

8:55 AM

Treatment of Industrial Waste in Reverberatory Furnace at
Onahama Smelter Takayuki Satg Nobuo Kikumotd; Kiyotaka
Abe!; Michio Nishiwaki; Onahama Smelting & Refining Company
Limited, Smelting, 1-1 Nagisa Onahama, lwaki, Fukushima 971-8101



and pressure. Inadequate supply of combustion air (incomplete oxida-11:15 AM

tion), low combustion temperatures (incomplete combustion), and Reversing the Philosopher’s Stone: Recovering Iron from Cop-
insufficient turbulence in the combustion are factors which can favour per Slags and Residues (Adeptus Ineptus)Larry M. Southwick
their formation. Dioxins and furnans were also produced calatytically L. M. Southwick and Associates, 992 Marion Ave., Ste. 306, Cincin
from chlorinated phenol precursors, non-chlorinated compounds that nati, OH 45229 USA

were chemically modified, and reaction of phenol with inorganic chlo- Interest has been expressed over the years in recovering iron fro
ride. In this paper, different precursors such as combinations of C, H, copper smelting and leaching residues. In the United States, this intg
O, ClI, rapid formation/combustion intermediates, and routes to PCDD/ est resulted in commercial operations and pilot plant tests by, amo
Fs are reviewed, and the influence of the amount of PVC on the others, Lakeshore Copper on leaching residues, Phelps Dodge on cd
formation of these isomers is discussed. per matte, United Verde on granulated slag, and the USBM on molte|
slag. In most case, these were directed at producing sponge iron s
able for cementation of copper from spent leach solutions. Cementa
tion of copper on iron from acid mine drainage solutions in the “Al-
chemists’ Age” is likely what gave rise to mythical stories of a
“Philosopher’s Stone”. While none of the above facilities continue in
operation nor is cementation of great interest in current flowsheets
there does remain the need to treat acidic mine and tailing pond drai
age. In a related field, there has also been increasing interest within t
steel industry to recover iron from various steel plant iron oxide
wastes to supplement a tightening supply of pig iron and scrap. Many

9:45 AM
Synergetic Effects During Phosphorous Production in Sub-
merged-Arc Furnaces Markus A. Reutér Diekske van der Pas
Rob de Ruitex, !Delft University of Technology, Faculty of Appl.
Earth Sci., Mijnbiuwstraat 120, Delft, The Netherlan@Bhermphos,
Postbus 65, Vlissingen, The Netherlands

In this paper, the kinetics of phosphorous production in submerged-
arc furnaces will be discussed as a function of temperature, as well as
various ore and reductant types. Interesting positive synergetic effects
on the rate of reaction could be observed when mixing different types . ;
of ores. The results will be discussed with reference to a kinetic model, sFee.I waste plants propose to use technologies aqd processing concepts

similar to those practiced earlier on the copper industry. This paper

microprobe analyses, etc. The effects these results have on the CONT il review the processes and desians used to make sponge iron from
trol of the furnace will also be discussed in detall, indicating how these P 9 pong

. : : copper residues, identify the factors that led to success or failure in
could be incorporated into the electrode and metallurgical control )
these approaches, and then apply those results to evaluate potential
systems for submerged arc-furnaces. . - ; ) - ) ;
operating difficulties with the technologies being proposed and in-
10:10 AM Break stalled for steel plant wastes. While there has been no visible effort to
10:25 AM cross-fertilize technologies between the ferrous and non-ferrous indus-

Peirce-Smith Converter Hood Design Analysis Using Compu- ::;enssfg tr:las ftl;zldd,etshilrzbglnzper will identify where such information
tational Fluid Dynamics Modeling: Paykan Safe Gas Cleaing y ’
Technologies Inc., 4950 North O’'Connor Rd., Ste. 250, Irving, TX 11:45 AM

MONDAY AM

75062 USA The Case for the Copper Mini Smelter Rolf J. Weslely Kvaerner
Computational fluid dynamics (CFD) modeling provides a powerful Metals, 12657 Alcosta Blvd., San Ramon, CA 94583 USA
tool to assist with the design of ventilation and fume control systems In recent years the trend in Copper smelting has been to expand

in smelters and other high temperature metallurgical facilities. For this existing smelters to increase their throughput. New smelters that are
paper, this tool has been used to analyze the off-gas flow patternsbeing considered are very large. Despite this trend to larger smelters,
exiting the mouth of a Peirce-Smith converter into a water-cooled there are still a number of conditions where a small smelter can be
hood and drop out box. The effects of various process and physical economically viable. The paper examines these conditions and out-
plant design parameters on process gas and fume capture and potentidines the process concepts for a small smelter. The paper outlines
build up on the converter hoods was examined, and the optimum designseveral options for treatment methods and presents a summary of the
and operating parameters were determined. economic conditions that would lead to a successful small smelter

10:50 AM project.
Process Control Improvements at the Kennecott Utah Copper
Smelter: Robert M. Leary, Marielle A.S. Sirag Kennecott Utah

Copper Corporation, Smelter, P.O. Box 329, 12000 W. 2100 S., Ma- . .
gna, UT 84044 USA®Rio Tinto plc, Tech. Svcs. Ltd., P.O. Box 50, ngh-Temperature SUperCondUCtOFS.

Castlemead Lower Castle St., Bristol, England BS997YR UK BSCCO Tapes & App”cations

The Kennecott Utah Copper Smelter operates two Outokumpu flash . . . .
furnaces: a smelting furnace for production of high-grade matte and aSponsored byEIeCtromC' Magnetic & Photonic Materials

converting furnace for production of blister copper. Flash furnaces Division, Structural Materials Division, Superconducting
typically possess several characteristic features that must be consid-Materials Committee
ered in process control development such as long lag times associatecprogram OrganizersU. Balu Balachandran, Argonne

with settler volume, non-linear input and output responses, large pro- National Laboratory Argonne, IL 60439 USA; Pradeep

cess gains, and unmeasured disturbances. Additionally, the KennecottH ldar. Int tics G IC fi Lath NY
smelter possesses certain unique characteristics which must be consid-* aldar, Intermagnetics (seneral Lorporafion, Latham,

ered such as a single mine concentrate source, small concentrate blendl2110-0461 USA; Chandra Pande, Naval Research Labora-
ing capacity, feed preparation facilities that introduce significant lags tory, Materials Science and Technology Division,

between furnace control parameters and manipulated set points and\Nashington, DC 20375-5000 USA

converter slag chemistry. In order to improve furnace control and on-
line time, a process control system was developed which features feed
forward andpfeed back contr)(l)l. The feed forwgrd control module is Monday AM Room_: Canal D .

based on a steady-state heat and mass balance that is executed iarch 13,2000 Location: Opryland Convention Center
response to furnace feed changes. The feed back control module is

based on Proportional-Integral control equations that were developed Session Chair:U. (Balu) Balachandran, Argonne National

by statistical inference and are executed in response to furnace prOd“CtLaboratory Ceramics Section Argonne, IL 60439 USA
grade and temperature deviations from set point. To provide regular ! ’ !

feed back information to the control room operators, new sampling
methods were developed which allow the operators to obtain molten 8:30 AM Invited

metal samples at hourly intervals and allow for rapid laboratory turn High-Tc Conductor Development for Use in Electric Power De-
around. The control system was implemented in May 1999 and a vices Heinz-Werner Neumueller 1Siemens AG, ZT EN4, P.O. Box
review of it's operation, adjustments, and future work will be discussed. 3220, Erlangen D-91050 Germany
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Demonstration of HTS technology in power systems requires devel-10:40 AM
opment of practical and robust conductors on technical scale. Mean-Histographic Analysis of the Microstructure of Ag/Bi-2223 Com-
while several manufacturers offer elementary conductors like 2223 posite Conductors* Roxanne BaurceaduNazarali N. Merchant
tapes having reasonable engineering current densities in quantities sufAlbert K. Fischet; Victor A. Maroni;; Ronald D. Parrella *Argonne
ficient for the manufacturing of representative power devices like National Laboratory, Chem.Tech. Div., 9700 S. Cass Ave., Argonne,
transformers and current limiters for use in first pilot systems. Similar IL 60439 USA;2American Superconductor, Two Technology Dr.,
to the LTS conductor development the realization of larger high cur- Westborough, MA 01581 USA
rent HTS power devices need advanced cabled conductors designed for A group of procedures has been developed to identify, quantify (in
AC-application. Robel bars have been manufactured consisting up toterms of area fraction), and spatially map the nonsuperconducting
13 tapes of BPSCCO 2223 multifilamentary tapes. The production second phases (NSPs) that are formed during heat treatment of Ag/Bi-
line delivers the conductor material for the low voltage winding of the 2223 multifilament composite conductors. These procedures involve
1 MVA railway model transformer currently being under construction (1) extracting the gray scale histogram from scanning electron micro-
and avoids complicated and expensive coil winding. In course of the scope images of transverse cross sections of Ag/Bi-2223 after varying
resistive fault current limiter development a continuous production of degrees of thermal treatment, (2) correlating selected ranges of gray
switching elements has been established. Design considerations, qualscale values with the energy dispersive x-ray scans of those regions (to
ity measures and test results of the 1 MVA model will be presented. obtain metallic element ratios), (3) performing Raman microscopy
analyses of the same regions (to identify the phases present), and (4)
making systematic measurements of the Bi-2223 grain colony size and
texture factor as they relate to NSP size, content, and composition.
From these results we have developed quantitative correlations be-
tween key heat treatment parameters (such as, temperature, oxygen

A new tvbe of ac superconducting motor is under development for partial pressure, and treatment time) and the chemical form of the
yp P 9 P NSPs, their size distributions, their area fractions, and their impact on

the US Navy. This motor uses BSCCO conductor, wound into racetrackthe final microstructure of the filaments. We find that oxygen partial

Lnoii?sé;brreoinﬁi (s)tr:et:se L%tt%r.di?iﬁh g]aegrgzgsnV:::dbgufil;bjiﬁﬁfn;?pressures and temperatures on the high end of the Bi-2223 stability
y ’ g op 9 range tend to encourage the formation of the 14/24 alkaline earth

cycling. It is well known that a monotonic strain of more than a few -
L o cuprate, whereas oxygen partial pressures and temperatures on the low
tenths of a percent can degrade the critical current in high temperature .
) e . end of that range tend to encourage the 2/1 alkaline earth cuprate. The
superconductor wires. A much lower strain, if applied repeatedly, also

can degrade the critical current through cumulative damage effects quality of the Bi-2223 grain colony microstructure is most sensitive to
. ) - . S ‘heat treatment temperature and the presence of large NSPs. The opti-
The possible fatigue damage of HTS wires is a significant concern for

S A ; mum temperature for achieving a robust grain colony microstructure
the reliability and service life issues in the development of motors and . S ) ) .
. ... tends to increase with increasing oxygen partial pressure. *Work spon-
other power equipment. We report on measurements of the critical

current fatigue in commercial BSCCO/Ag multi-filamentary wires. Long sored by the U.S. Department of Energy, Energy Efficiency gnd Re-
. - N newable Energy, as part of a DOE program to develop electric power

(250 mm) length sections of the wire were measured in liquid nitrogen

- ; . - ... technology, under Contact W-31-109-ENG-38.

using a conventional servo-hydraulic mechanical test system and with

sinusoidal loading at a frequency of 10 Hz and zero load ratio. Strain11:20 AM Invited

ranges were from 0.01 to 1.0 percent. Critical current failure, using a Development of Bi-2212/Ag Conductors and Coils Hiroaki

stringent 0.1 microvolt-centimeter field criteria, was measured as a Kumakura; Hitoshi Kitaguchi; Hanping Miaé; Kazumasa Toganp

function of the number of load cycles at each strain level. The fatigue Tsutomu Koizumd; Nozomi Ohtamd; Takayo Hasegawa Katsumi

limit is determined from the strain-life curves. The relationship of the Ohat&; Junichi Sat§ Kazuhide Tanaka Michiya Okadd; National

fatigue limit to the monotonic critical strain is discussed. In addition, Research Institute for Metals, 1-2-1 Sengen, Tsukuba, Ibaraki 305-

systems advantages of superconducting motors for Navy ships will be0047 JapanzShowa Electric Wire & Cable, 2-1-1 Odasakae, Kawasaki,

discussed. Work is supported by the Office of Naval Research. Kanagawa 210-8660 Japattitachi Cable Limited, 3550 Kidamari,

Tsuchiura, Ibaraki 300-0026 Japaiditachi Limited, 7-1-1 Ohmika,

Hitachi, Ibaraki 319-1292 Japan

9:10 AM Invited

Fatigue Behavior of Multifilamentary BSCCO Wire Used in
Superconducting Ac Motors for Navy Ship Propulsion Donald

U. Gubset;, INaval Research Laboratory, Matls. Sci. and Tech. Div.,
Code 6300, 4555 Overlook Ave. S.W., Washington, DC 20375 USA

9:50 AM Break

10:00 AM Development of two types of Bi-2212/Ag superconductors with
Grain Morphology of High Tc Superconducting Wires for Su- excellent current carrying capacities is now in progress. One is a sur-
perconducting Motors: C. S. Pandg K. L. Zeisler-Mash!; R. A. face-coated multilayer tape conductor prepared by applying Pre-An-
Masumurd;, Naval Research Laboratory, Matls. Sci. Div., Washing- nealing and Intermediate Rolling (PAIR process) before a heat treat-
ton, DC 20375 USA ment. The other is Bi-2212 multifilamentary wires fabricated by ap-

Superconducting properties of practical high Tc superconductors plying Rotation Symmetric Arranged Tape-in-tube (ROSAT process,
are strongly influenced by their grain morphology. Towards this goal, where Bi-2212 tapes were arranged with triple rotation symmetry. We
texture measurements were conducted for BSCCO 2212 (Bismuth-evaluated current carrying characteristics of these Bi-2212 conductors
Strontium-Calcium-Copper Oxide) tapes made by dip coating or by at various temperatures and fields. Excellent Ic and Jc values of about
powder-in-tube techniques. BSCCO 2212 grain texture measurement380A and 2?~105A/cm2 were obtained in a field of 30T at 4.2K for
was performed for both c-axis using (001) pole figures from (008) short tapes cut from the PAIR processed 100m tape. E(electric field)-
reflections and a-b axes using (115) pole figures. Current transportJ(current density) characteristics was also improved by the PAIR pro-
properties of these tapes were also measured and correlated with texeess. Jc values of pancake coils prepared with 100m-class PAIR pro-
ture parameters obtained from contours of the texture plots. Graincessed tapes were much higher than those of the no-PAIR processed
morphology was inferred from the texture plots and was found to be tape. The ROSAT wires show very small Jc anisotropy with respect to
consistent with a model based on global alignment of the c-axis and thethe field orientation in spite of excellent Jc values. A 990-filament
presence of colonies of grains differing mostly in c-axis twist. There is wire showed Ic and Jc of 360A and 105A/cm2 in 28T at 4.2K. Re-
a good correlation between the c-axis texture and Jc. Surprisingly on acently, we fabricated 400m-length ROSAT wires, and constructed a
global basis the system showed little a-b texture. However the materialsolenoid magnet using these wires. Test result of the magnet will be
did give indications of local a-b texture in addition to the c-axis tex- reported.
ture. These results far as the grain morphology is concerned can be
explained in terms of colonies of grains. Inside a typical colony, the
grains differ mostly in their small amount of twist along c-axis. These
colonies are connected by complicated grain boundary structures.

12
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Sponsored byStructural Materials Division, Refractory
Metals Committee
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8:30 AM Invited
Micro- and Macro-Alloying of Ir-Base Alloys: E. P. George C. T.
Liut; 10ak Ridge National Laboratory, Mets. and Cer. Div., P.O. Box
2008, Oak Ridge, TN 37830-6115 USA

Ir-base alloys are of interest for structural applications at high
temperatures because of their high melting point (2€¢43nd good

9:20 AM
Influence of Trace Impurities on the High-Temperature Me-
chanical Properties of Iridium: B. Fischet, Andreas BehrendsD.
Luptor?; J. Merke#; 1Fachhochschule Jena, Univ. of Appl. Sci.,
Tatzendpromenade 1b, Jena 07745 Germafy;C. Heraeus GmbH &
Company KG, Matls. Tech. Div., Heraeusstrasse 12-14, Hanau 6341
Germany

Iridium is used as a high temperature material at temperatures up
2000°C, for example, for high-strength components in space techno
ogy. Trace impurities can favour the formation of intercrystalline|
cracks (processing problems) and reduce the necessary strength
ductility of iridium for this extreme field of application. Because no
detailed data on the influence of trace impurities have been publishe
examinations were first carried out on the doping effect of the el
ments iron and silicon on high-purity iridium in different concentra-
tions (27-1300 ppm). By means of a suitable production process, it
possible to avoid grain boundary segregations of trace elements whi
are difficult to remove under industrial conditions. The metal is no
easier to process, the tendency to intercrystalline cracking is reduced
and a larger amount of trace impurities is tolerable than was previously
assumed. Only a small effect of the added elements on the stress-
rupture strength of iridium at 220G in the short time range (<10
hours) could be observed. However, distinct differences in the creep
behaviour of the doped heats were found relative to pure iridium.

9:40 AM
Brittle Transcrystalline Fracture in Plastic Face Centered Cubic
Metal Iridium : P. Panfiloy; Urals State University, Lab. of Strength,
Ekaterinburg 62001 Russia

The main puzzle of iridium is an inclination to cleavage after severe
plastic deformation. Evolution of transcrystalline cracks in bulk crys-
tals and thin foils of iridium is the subject for discussion in this paper.
Tested crystals did not content dangerous non-metallic impurities and

MONDAY AM

oxidation and corrosion resistance. A major concern for structural use 'evel of metallic contaminants was minimal what allows considering

is their low tensile ductilities when tested at conventional strain rates

brittleness as inherent property of iridium. Bulk crystals failed after

at ambient temperatures and at high strain rates at elevated temperaconsiderable elongation, however, necking did not appear in them. It
tures. Microalloying has been used to strengthen grain boundaries andVas shown that octahedral slip gives the main contribution to plastic

suppress brittle intergranular fracture in Ir alloys. Auger studies indi-

deformation, therefore, mechanical twinning or non-octahedral slip

cate that Th has a strong tendency to segregate to Ir grain boundarie§ould not b‘? a cause for cleavage. Sharp cracks appeared i'n strength-
and suppress intergranular fracture at elevated temperatures. Amonggned material near power concentrators of stresses. Sometimes, plas-
macroalloying elements, Hf is found to be the most effective in im- tC deformation accompanied crack growth, but this did not lead to

proving the strength of Ir alloys at room and elevated temperatures.
Ir-W alloys doped with Th have been successfully developed as clad-

ding materials for space power applications at temperatures t6¢@400
The current studies of Ir-basey alloys and intermetallic alloys will be
also briefly reviewed.

9:00 AM
Comparing Experimental Measurements with Ab Initio Simu-
lations of the Elastic and Plastic Behavior of Single Crystal-
line Iridium: T. J. Balk; O. N. Mryasoy; Y. N. Gornostyre¥, P.
Panfilow; A. J. Freemah K. J. HemkeY, 1Johns Hopkins University,
Dept. of Mech. Eng., 200 Latrobe Hall, 3400 N. Charles St., Balti-
more, MD 21218 USA2Northwestern University, Dept. of Physics
and Astronomy, Rm. F275, 2145 No. Sheridan Rd., Evanston, IL
60208-3112 USAZInstit. of Metal Physics, 18 S. Kovalevskaya St.,
Ekaterinburg 620219 Russi&Jrals State University, Instit. of Physics
and Appl. Math., Ekaterinburg 620083 Russia

Iridium is one of two face-centered cubic (FCC) metals that is known
to undergo brittle fracture, in stark contrast with the normal ductile
failure of other FCC metals. The occurrence of brittle fracture, which
follows significant plastic deformation of up to 70%, is thought to
result from the energetics of the dislocation core. Ab initio first-

crack tip blunting. Motion of cracks on primary ({100}) and second-
ary ({210}) cleavage planes were observed. Evolution of cracks in thin
foils was considered in detail. It is unbelievable, but cracking of iridium
foils looks like fracture of ductile metal: microcracks emit both twins
and perfect dislocation, dislocation emission causes crack tip blunting,
and dangerous cracks possess zigzag profiles. In contrast with usual
f.c.c.-metal, iridium foils contain high dense <110> dislocation nets,
which bother emitted dislocation to move from crack tip, and, as a
result, crack leaves ability to emit dislocations. After that crack should
either stop or continue its growth without dislocation emission like
crack in brittle crystal. Microcrack will have an opportunity to trans-
form in zigzag crack if dislocation nets are absent around it. Observa-
tions of cracks have shown that brittle transcrystalline fracture is
property of bulk iridium crystals only. TEM study allows revealing
microscopic cause of brittleness in iridium, while its thin foils failed by
ductile manner. This is its ability to store high dense dislocation nets.
During preliminary deformation, plastic iridium crystal exhausts the
resource of plasticity (nets cover all volume of crystal) and further
loading should induce brittle fracture of sample.

10:00 AM Break
10:10 AM

principles methods have been used to predict fundamental characterissirength Behavior of Ir-Based Refractory Superalloys Y.

tics that govern the mechanical behavior of iridium, e.g., elastic con-

Yamabe-Mitarai Y. Gu; Y. Ro'; S. Nakazaw@ T. Maruk@; H. Harad&

stants, dislocation structure and fracture parameters such as surfacenational Institute for Metals, HTM21Project, 1-2-1 Sengen, Tsukuba,

and unstable stacking energies. The elastic behavior and strength ofiparaki 305-0047 JapaFuruya Metal Company Limited, No.1915,
single crystalline iridium have been measured experimentally. These Morizoeshima, Shimodate, Ibaraki 308-0861 Japan

measurements and transmission electron microscopy (TEM) observa-

tions of the dislocation core structure will be compared with the first-
principles predictions, in order to better understand the fundamental
mechanical behavior of iridium.

We have proposed “refractory superalloys” using platinum group
metals, especially Ir, as ultra-high temperature materials. The refrac-
tory superalloys are defined as the alloys with an fcc and L12 two-
phase coherent structure and with yet higher melting temperature than
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Ni-based superalloys that are used as high temperature materials likenary |r-Nb-Ni-Al alloys have never been studied. Therefore, in the
turbine blade. High strength of Ni-based superalloys at high tempera-yresent paper, microstructure evolution, element distribution and lat-
ture is attributed to the fcc and L12 two-phase coherent structure. tice misfit of two kinds of fcc/L12 as well as 0.2% flow stress at room

Compression strength, creep properties, and microstructure up totemperature and 126G in quaternary Ir-Nb-Ni-Al will be investi-
1800°C were investigated in the Ir-V, Ir-Ti, Ir-Nb, Ir-Ta, Ir-Hf, and Ir-  g4¢eq.

Zr binary systems. The fcc and L12 two-phase coherent structure

formed in these alloys after heat treatment. The strengths of the two-11:10 AM

phase alloys are higher than those of fcc or L12 single-phase a||0yS_The Effects of Nb Content and Third Element Additions on the
This shows that the main factor contributing to strengthening is pre- Fracture Behaviours of Polycrystalline Ir-Nb Two-Phase Al-
cipitation hardening. Precipitate shape depends on lattice misfit be-10yS: Y. GU; Y. Yamabe-Mitaraj H. Harada; !National Research
tween the matrix and the precipitates. Plate-like and cuboidal precipi- Institute for Metals, HTM 21 Project, 1-2-1 Sengen, Tsukuba, Ibarake
tates formed in the alloys with large (2%) and small (0.3%) lattice 305-0047 Japan

misfit, respectively. Precipitation hardening is more effective for plate- Iridium (Ir) and its single-phase alloys have been tried as structural
like precipitates because shearing or bypass of dislocation is difficult Materials for ultra-high temperature applications, such as solar thrust-
for plate-like precipitates and coherency strain at the interface be- €S in lightweight solar concentrators for use in space and as postimpact
tween matrix and precipitates is high by large lattice misfit. Deforma- containment claddings for radioactive fuel. Ir and its alloys were cho-
tion mechanism is discussed by observation of dislocation structures ofsen for these applications because of their high melting point, excel-

deformed samples. lent oxidation resistance, and welding suitability. However, polycrys-
talline Ir and its alloys normally exhibit grain-boundary (GB) fracture
10:30 AM with limited ductility in tensile tests at temperatures below °&0
Effect of Ir Addition on High-Temperature Strength of NiAl Moreover, alloys with single-phase normally show less resistant to
Single Crystals A. Chiba; T. Ong; X. G. Lit; S. Hanadg T. Sugawarg creep deformation, a property that is important for structure materi-

‘lwate University, Dept. of Matls. Sci. and Tech., Morioka 020-8551 g5 at high temperatures. Recently, we developed a new class of two-
Japan;2Tohoku University, Instit. for Matls. Rsch., Sendai 980-77 phase superalloys, namely, refractory superalloy, based on platinum
Japan group metals (PGMs). These refractory superalloys have a coherent
In order to obtain the knowledge on mechanisms of enhancementcc.| 12 structure, similar tg/y’ microstructure in nickel-base superal-
of high-temperature strength of NiAl by Ir addition, compression and |oys and have good potentiality as structural materials used at ultra-
creep tests of soft [-223] oriented single crystalline NiAl and Ir-doped high temperatures up to 20GD. Preliminary results showed that, of
NiAl (Ni0.91r0.01Al) have been conducted in the temperature range these refractory superalloys, Ir-based fcc-L12 two-phase alloys, such
from room temperature to 1473 K. CRSSs of Ni0.9Ir0.1Al single a5 |1-15 at % Nb, Ir-15 at % Hf, and Ir-15 at % Zr alloys, were superior
crystal are about a factor of 3, 4, and 6 higher than those of binary i, high temperature strength and oxidation resistance. Despite the
NiAl single crystal at room temperature, 1073 K and 1473 K, respec- jmportance of the relationship between the microstructures and defor-
tively. The Ni0.9Ir0.1Al single crystal deforms by kinking instead of mation behaviours of these refractory superalloys for practical appli-
slip of b=(-110)[001] dislocation which normally glide in binary NiAl cations, the fracture behaviour was also needed to be understood. The
single crystal with soft [-223] crystal axis. Secondary creep rate of aimgs of the present study are: (i) to examine the effects of various
Ni0.91r0.1Al single crystal is about a magnitude of 4 lower than that of pighjum (Nb) contents on the microstructures and fracture behaviours
binary NiAl single crystal at 1273 K; stress exponent of secondary of |r-Np two-phase refractory superalloys, (i) to identify third ele-
creep for Ni0.9Ir0.1Al and NiAl is approximately 3.0 and 4.8, respec- ment (Ni, Mo, C, and B) addition on the microstructures and fracture
tively. Dislocation substructures of crept Ni0.91r0.1Al single crystal penaviours of Ir-15 at % Nb alloy, and (iii) to determine the relation-
consist of subboundaries and gliding dislocations, indicating that dislo- ship between the microstructure and fracture behaviour of the alloy.
cations of Ni0.91r0.1Al single crystal are more difficult to move than oy results showed that the intergranular fracture occurred in Ir single-
those of binary NiAl single crystal. It is likely that addition of Ir to phase alloys could be governed by controlling the microstructures

NiAl enhances the Peierls stress of (-110)[001] slip system of NiAl 5r0und grain-boundary (GB) and alloyed with some third elements.
and leads to the activation of non-b=(-110)[001] dislocation and (or)

kinking. 11:30 AM

Mechanical Behavior of Ir-Sn Layered Crystals P. Panfilov; Y.
10:50 AM L. Gagarirt; A. V. Yermako¥; !Urals State University, Lab. of Strength,
Microstructure and Mechanical Properties of Quaternary Ir- Ekaterinburg 62001 RussidEkaterinburg Non-Ferrous Metals Pro-
Nb-Ni-Al Alloys: X. YU; Y. Yamabe-Mitarai T. Yokokawa; M. cessing Plant, The Head of Rsch. Ctr., Lenin Ave. 8, Ekaterinburg
Osawad; Y. Ro,; H. Harad& National Research Institute for Metals, 20014 Russia
High Temp. Matls. 21 Project, 1-2-1 Sengen, Tsukuba, Ibaraki 305- |rigium based compounds are prospective materials for exploitation
0047 Japan in aggressive environments, but poor plasticity and brittleness make

Many attempts have been made in order to improve the tempera-considerable doubts for their industrial applications. Elaboration of
ture capability of Ni-based superalloys by adding more refractory ele- |ayered iridium compounds would help to solve the problem of techno-
ments into them, such as Re, W, Mo, Ta, et al. Single crystal Ni-based|ggical brittleness, in as much as layered structure of sample could
superalloys are classified by the level of Re content. But the biggestsyppress crack growth and provide plastic deformation even in brittle
problem is phase stability. Since Re has a low diffusivity and tends to becrystals. Single crystals of Ir-Sn compound were grown by means of
segregated in matrix, the addition of Re assists in the formation of @high temperature synthesis in vacuum. Silver lustrous and metallic
topologically close-packed (TCP) phase. Another question is the melt- gjectric conductivity was inherent to crystals. Chemical analysis has
ing temperature of Ni (145C). It can not be used at higher tempera-  shown that material contains Ir and Sn in proportion of 1:1. Samples
ture. Developing new alloys whose matrix elements are of higher nossessed tetragonal lattice with ratio of c/a<<1 and their morphology
melting temperature is another way. Ir attracts researcher’s attentionyas similar to “sandwich” formed from one hundred thin square plates
due to the higher melting temperature (228p and superior oxida-  (thickness of each plate is #®m). These features did not allow to
tion and the fcc/L12 coherent structure in Ir-based alloys. The fcc/ it simple crystallographic model for the compound. Samples were
L12 coherent structure provides a challenge for combining Ir- and Ni- jhqented by Vickers diamond pyramid at room temperature. Deep
based alloys to prepare new alloys. Therefore, we do the efforts topoles remained on the surface after indentation, but this did not lead to
investigate quaternary Ir-Nb-Ni-Al in the last two years. The previous the separation of crystal. Sliding of plates or single crystal layers is the
results indicated the two kinds of fcc/L12 (fcgNb and fcc/NiAl) main mechanism, which provides severe plastic deformation in vicin-
coherent structure formed in some alloys and strength also increaseqty of indents. Twin lamellas in <110> direction and cracks along
drastically compared to Ni-based superalloys. These alloys are promis-<100> and <110> were observed in deformed single crystal layer. Cracks
ing to be used at higher temperature. However, the microstructure paye only appeared near indents, while twins were detected on the

evolution of quaternary Ir-Nb-Ni-Al alloys is not clear, element distri- \ynole crystal. It was revealed that cracks in the first layer could not
bution and lattice misfit of two kinds of fcc/L12 in the same quater- pass in depth of crystal. 14
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8:30 AM
Some Like it Hot: Evolution and Applications of High-Tem-
perature Reaction Calorimetry at University of Chicago from
1952 to 2000 Ole J. Klepp& University of Chicago, James Franck
Instit., Chicago, IL 60637 USA

The author will present a review of his work in the field of high-
temperature reaction calorimetry. This review will be partly histori-
cal, partly scientific. He will touch on his work on low-melting liquid
alloys, on the thermochemistry of some Hume-Rothery type binary
alloys, on the heats of mixing of molten salts, on the development of
oxide melt solution calorimetry, on the thermodynamics and thermo-
chemistry of metal-hydrogen systems, and on the development and
construction of a number of different reaction calorimeters suitable
for work at temperatures up to about 1200 Finally he will give an
introduction to his more recent investigations of refractory interme-
tallic and related compounds. This section will include an outline of
the special technique of solute-solvent drop calorimetry, a technique
which is particularly suitable for very refractory compounds. How-
ever, most recently his studies of refractory compounds have empha-
sized the thermochemistry of congruent melting compounds with
melting points below about 2000 using direct synthesis calorimetry
at 1200C. More detailed discussions of these investigations will be
presented in the invited papers given by his co-workers S. V. Meschel
and Qiti Guo.

9:15 AM

Contributions to Molten Salt Chemistry by Ole J. Kleppa
Milton Blande#; Quest Research, 1004 E. 167th pl., South Holland,
IL 60473-3114 USA

catalyzed the Conformal lonic Solution Theory, the only theory fun
damentally valid for molten salts. This theory later led to methods fo
accurately predicting the solution properties of multicomponent mol
ten salt systems from data on the subsidiary binaries and the p

component salts. His measurements of binary systems with the t

components having the same cation and two different anions indicatg
that deviations from ideality were generally very small. A theoretical
extension of this conclusion to silicates and other polymeric slags lg
to reliable predictions of the solubilities (and sulfide capacities) o
ionic compounds. Kleppa’s work has had a major influence on molte|
salt and slag chemistry.

9:45 AM
Thermochemical Studies of Oxynitrides by Oxidative High
Temperature Solution Calorimetry: Alexandra Navrotsky tUni-
versity of California, Dept. of Chem. Eng. and Matls. Sci., Thermoche
Facility, Davis, CA 95616 USA

Thermodynamic properties of nitrides and oxynitrides are poorl
known, despite technological importance and scientific interest. Rd
cent advances in oxidative drop solution calorimetry of nitrogen-
containing materials in molten oxide solvents at 973-1073 K enable
the determination of enthalpies of formation. The calorimetric meth-
odology is described and applied to three groups of materials: the beta
sialons in the Si-Al-O-N system, cubic oxynitrides in the Zr-O-N and
Zr-M-O-N(M =Y, Ca, Mg) systems, and phosphorus oxynitrides in the
P-O-N and Li-P-O-N systems. The energetics of oxygen-nitrogen
substitution these systems is discussed in terms of crystal chemistry,
bond strengths, and short range order.

MONDAY AM

10:15 AM Break

10:30 AM
What Will Be Done in the Future with the Enthalpy Data Set
of O. J. Kleppa: Jean Hert% 1Universite Henri Poincare-Nancy |,
Lab. de Thermodyn. Metallu., Umr Cnrs 7555, Chimie du Solide Min-
eral BP 239, Vandoeuvre, les Nancy-Cedex 54506 France

After 40 years or more of experimental work devoted to thermo-
chemistry of metallic alloys it will be time to wonder: what will be done
in the future, by the scientific community, with the patrimony of data
| have obtained? This question is of particular importance for O. J.
Kleppa with his fantastic panel of consistent enthalpy data, obtained
by his group for more than 45 years of unbroken calorimetry experi-
ments relative to more than 200 different binary systems. The progress
of phase diagram calculation of multicomponent systems, is signifi-
cant as far as industrial applications for new alloys development and
metallurgical processes are now in due course. That will be the main
topic of the near future metallic thermodynamics. That means that
very simple models are generalised: the Redlich-Kister multicompo-
nent model, coming from the petroleum industry, and the Hillert sub-
lattice model for intermediate phases provide a very large domain of
applications, useful for the main multicomponent metallic systems.
Unfortunately such works cannot start out of nothing, but out of
consistent thermodynamic data used to fit the binary systems first,
then the ternaries. Higher order terms are generally not needed. The
enthalpy of mixing of the liquid phase in the whole range of composi-
tion and the enthalpy of formation of compounds are of significant
interest to obtain a set of coherent multicomponent data bank. In the
80°s we have trusted the progress of band theory and physical quantum
mechanics to provide a lot of “ab initio” or semi-fitted energetic data
set. Unfortunately the relative phase stability in a multicomponent
system depends on only some hundredth of eV and the precision of the
calculated cohesive energy will not attain 0.1 eV in the more accurate

Ole Kleppa and associates have accurately measured the enthalpiegesults. The interest of this part of the physical thermochemistry

of mixing of a large number of binary molten salt systems. These

remains for understanding the metallic bonding, but not for practical

results have also been proven to be useful in the analyses of phaseapplications. In my opinion and for a very long period the only source
diagrams and in creating a reliable database on free energies of mixingof information for realistic metallic multicomponent phase diagram

of a large number of systems. He made a general confirmation of a
specific result by Hildbrand and Salstrom that excess free energies of
mixing of simple binary molten salts could be represented by a simple
polynomial, an important result for ionic systems with very long

range ionic pair interactions. His measurements of the enthalpies of
mixing of all binary alkali nitrates led to an expression which was close
to that deduced form a simple model by Forland. This result also

previsions will be the good experimental binary and ternary data:
enthalpy and chemical potential measurements, each one needed to
calibrate the two enthalpy and entropy contributions of the Gibbs-
function. Experimental equilibrium lines and tie-lines in phase dia-
grams could be considered as equivalent to a Gibbs-function informa-
tion, when calorimetric data are available. For this reason the large
Kleppa enthalpy data set patrimony will be of crucial interest for a
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very long future period. We will illustrate this prognosis with various g:10 AM

multicomponent diagram previsions in the field of low melting metals. An Overview of the Aluminum Industry: Richard B. Evans
11:00 AM PresidentAlcan Global Fabricatin Group, 6060 Parkland Blvd., Cleve-

Excess Thermodynamic Functions of Systems with N (N>6) Com- land, OH USA

ponents: Measurements and Calculations M. Gambine; J. P. An overview and outlook of the. global aluminum industry will be

Bros; Z. Mosef; M. Hoct?; 1Universite de Provence, lusti, Ura-Cnrs ~ Presented. A focused look on aluminum’s two largest markets, packag-

6995, Rue Enrico Fermi 5, Marseille, Cedex 13 13453 Fraimstytut ing and transportation, will be given.

Podstaw Metallurgii im., Alexandra Krupkowskiego Pan, Krakow, ul g-40 AM

Reymonta 25 30-059 Polanéuniversity of Cincinnati, Dept. of Materials Used in Aluminium Sme|t|ng Harald A. Oyé; Nor-

Matls. Sci. and Eng., Cincinnati, OH 45221-0012 USA wegian University of Science and Technology, Instit. of Chem.,
We measure the enthalpy of mixing along a line connecting the Trondheim N-7491 Norway

center of the system with one component, and the partial enthalpy at  The production of alumina, anode and cathode carbon will be re-

the center of the system for all components. The calorimeter is a highyiewed from a historic and the present point of view. Problems, chal-
temperature Calvet type calorimeter, operating between 700 and 1000ienges and new future advances will be discussed.

K. For the calculations we use the Hoch-Arpshofen model, which uses

only binary interactions. The agreement between calculated and mea-2:10 AM )

sured data is better tharb%. Thus only a relatively few measure- Advancing the Hall Heroult Electrolytic Process Barry Welch;
ments are needed to understand the complete system. We discuss hef&n€ University of Auckland, Dept. of Chem. and Matls. Eng., Private
the 7 component system (Bi-Cd-Ga-In-Pb-Sn-Zn). Measurements andB29, Auckland 92019 New Zealand

calculations of Zn activity in the system (Bi-Cd-Pb-Sn-Zn) show simi- The design and operating advances achieved in the last quarter
lar excellent agreements. century will ensure the Hall Heroult technology will maintain a com-

petitive advantage over alternative aluminium production processes

11:30 AM for some time into the future. The advances were lead by magnetic
Thermochemistry of Alloys of Transition Metals and Lanthanide compensation and computerised process control coupled with electro-
Metals with Some IlIB and IVB Elements in the Periodic Table- lyte optimization. These enable larger more economic cells to be
An Overview: S. V. Mesche] O. J. Klepp& *The University of designed. During the same time the fundamental studies have enabled a
Chicago, James Franck Instit., 5640 S. Ellis Ave., Chicago, IL 60637 petter understanding of the subtleties of the processes and secondary
USA reactions that were ignored in the theoretical understanding whilst the

We have in this laboratory conducted systematic studies of the ce|ls performed poorly. These secondary processes, including reac-
thermochemistry of transition metal and rare earth alloys by high tions associated with impurities and anodes consumption, those lead-
temperature calorimetric methods. An overview of the thermochem- jng to onset of anode effect, and alumina dissolution kinetic have not
iStry of the a”oys of the transition metals and lanthanide metals with been fu”y exp|oited yet Today as the focus shifts to h|gher productiv.
elements in the 1lIB and IVB columns of the periodic table will be |ty’ the dynamics of the cell and the impact operations have on the
presented. The enthalpies of formation of most of these compoundsyery finely tuned heat balance becomes more important. With the
were determined by high temperature direct synthesis calorimetry. high current efficiencies and low margins for error in modern cells the
This review will summarize the trends between the enthalpies of for- present Cha”enge is to refine designS, control Strategy and operating
mation of the TR-X and LA-X alloys (where X is a IlIB or IVB  practices so that further marginal gains and economic performance
element) and the atomic numbers in each transition metal and lan-can pe achieved. This will include better management of aluminium
thanide metal family. We will compare our measured enthalpies of flyoride, prevention of anode effects, and earlier detection of the
formation of each alloy family for the 3d, 4d and 5d transition metal increasingly prevalent anode spikes. Super structure design changes
elements. We will also compare our experimental measurements withcoupled with improved control and practice will also enhance produc-
predicted values on the basis of Miedema’s semi-empirical model. This tjvity of future generations of cells.
review will show examples of a correlation between the enthalpies of
formation of the alloys of the lanthanide elements with the non-metal 9:40 AM  Break
elements in the 1lIB and IVB columns in the periodic table. We will 10:00 AM
also show some comparisons of our measured enthalpies of formations perspective on Aluminum Melting and Metal Treatment C.
with the predictions by Gschneidner for the lanthanide alloys. Edward Eckert tApogee Technology Inc., 1600 Hulton Rd., P.O. Box
12:00 PM 101, Verona, PA 15147-2314 USA

Essentially all commercially significant aluminum produced shares
a common processing history; melting and metal treatment. These
two operations therefore have a monumental impact on production
costs, the ultimate quality of end-use products, and also have an ancil-
lary influence on environmental issues. Melting and metal treatment

nght Metals D|V|S|0n Plenary SeSSIOn: processes understandably remain developmentally topical. The tech-

A|Uminum Plenary nological heritage of aluminum melting and metal treatment will be
Sponsored byLight Metals Division. Aluminum Committee chronicled, and, importantly, significant technical milestones identi-

: . . fied. These milestones are associated with specific product/commer-
Program Organizer:Ray D. Peterson, IMCO ReCyC“ng cial imperatives or a revolutionary development. An example of the

Abstract Text Is Unavailable F. Sommer

Inc., Rockwood, TN 37854 USA former is the emergence of the aluminum beverage container in the
1960 timeframe, while the latter is exemplified by rotary impeller in-
Monday AM Room:Presidential Ballroom line treatment. Finally, an inventory will be provided of contempo-

rary aluminum melting and metal treatment technology, critical needs

March 13,2000  Location: Opryland Convention Center A
assessed, and a projection offered of future development.

Session ChairRay D. Peterson, IMCO Recycling Inc., 1?:30_ AM L diticat . . §
Rockwood, TN 37854 USA Aluminum Solidification Processing-Prospective and Retro-

spective Views of the Industry and the Field Diran Apeliarn;
Worcester Polytechnic Institute, Aluminum Cast. Rsch. Lab., Met.
8:00 AM Introductory Remarks Proc. Instit., Worcester, MA 01609 USA

Dr. Ray Peterson, IMCO Recycling Inc., Rockwood, TN 37854 USA During the last 50 years, aluminum has evolved into one of the
most important societal materials; it is used in a variety of diverse
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applications-construction, automotive, aerospace, packaging, furni- makes the economics of a new magnesium plant much less favorab
ture, jewelry and a vast number of products, which once were madeOne of the big problems is process technology. There are literally n
from ferrous or other materials. Specifically, during the last decade, we processes commercially available that have demonstrated sufficie
have seen significant increases in the use of cast aluminum net-shapedevelopment to be able to produce magnesium metal economicall
manufactured components. For example, in 1980 there were 800,000The closest technology is the Alcan cell, but it requires a very dry an
tons of aluminum casting shipments in North America versus 1,800,000 pure anhydrous magnesium chloride feed. This is the basic area whe
tons in 1998. In this plenary lecture, a prospective review of the every project past, present and future has had problems. These prq
science and technology of aluminum metalcasting will be presented,lems are still not solved in as this paper is being written.
for both primary aluminum production as well as metalcasting. This 8:55 AM

will be followed with a retrospective presentation of the emerging Magnesium Electrolysis-A Monopolar Viewpoint Oddmund

tec'hn.ologlgs and chgl!gnggs we face..The plena.ry lecture wil .be.aWaIIevikz; Ketil Amundseh André Fauchér Thorvald Mellerud, Hy-
holistic review of solidification processing of aluminum, addressing: :

. ¥’ dro Magnesium, Oslo N-0246 NorwasNorsk Hydro ASA, Rsch. Ctr.,
where we have been, where we are going, and what are the ex0|t|nq:>0rS runn N-3901 NorwayNorsk Hydro Canada, Bécancour, Canada:
frontiers facing the industry. . 9 ; y ! ! !

Hydro Magnesium, Brussels, Belgium

11:00 AM Norsk Hydro has produced magnesium in Porsgrunn, Norway, sing
Aluminum Fabrication and Applications: Elwin L. Rooy;, !Elwin 1951. The technology including the electrolysis was “inherited” from
L. Rooy and Associates, 461 Ravine Dr., Aurora, OH 44202 USA IG Farben. Hydro has since then continuously developed the magn

Modern manufacturing strategies combine solidification and sium electrolysis, first by improving the IG technology, and then b
thermomechanical process technologies for optimum efficiency, prod- developing its own “diaphragmless electrolyser” (DLE), now being
uct quality and reliability, and product performance. The present and used for a number of years in Norsk Hydro’s plants in Porsgrunn as well
future importance of incorporating melt processing and solidification as in Bécancour, Québec. A presentation will be made of the Norsk
considerations into the sequence of down-stream operations for satisHydro high-amperage monopolar electrolysis cell. Its performance
fying product requirements and for developing new competitive mar- will be described, as a basis for the conclusion that this type of cell
ket capabilities forms an essential basis for these strategies. The mapresently is very competitive compared to bipolar cell technologies,
jority of aluminum is consumed in fabricated forms ranging from rolled although it has a higher energy consumption.
products to components formed by powder metallurgy. Remelted and
cast products represent a rapidly growing manufacturing sector. The
evolution of processes for aluminum’s multivaried commercial shapes
and forms paralleled the industry’s success in determined applications
and market penetration. The history of the aluminum industry’s de-
velopment of casting, forging, extrusion and rolled products and the
significance of process and product developments to the dramatic
evolution of aluminum as the metal of the twentieth century is re-
viewed, and current and projected developments are outlined.

MONDAY AM

9:20 AM
Investigation on Electrocatalysis for Energy Saving in Magne-
sium Electrolysis Zhong Xié; Ye-Xiang Liut; Central South Uni-
versity of Technology, Dept. of Nonfer. Metallu., #2 Lushan Nan Rd.,
Changsha, Hunan 410083 PRC

In the present paper, we report some research results on
electrocatalysis for chlorine evolution reaction (CER) in Mg elec-
trolysis. Investigation has been carried out on various oxide electrodes
in equimolar NaCl-KCI melts at 70C. Oxide electrodes were pre-
pared by thermal decomposition procedure on graphite substate. Steady
state linear potential sweep and an improved current interruption
technique were used to investigate the electrocatalytic activity of
transition metal oxides, rare earth oxides and their mixed oxides.
Pr6011, Th407, Tm203, RE+Ru and CoxFeyOz (x=0.75,y=2.25,z=4)
mixed oxides showed good active for CER, reducing anode overpotential
up to 80-110 mv at a current density of 0.6A/cm.sq. compared with
graphite electrode. 200-250kWh/T-Mg energy saving could be achieved
if above mentioned electrodes being employed in Mg electrolysis.
Attempt was made to elucidate the electrocatalysis mechanism.

9:45 AM
Inert Anodes for Magnesium Electrolysis Jerry F. Moor& John
N. Hrynt; Michael J. Pellit W. F. Calaway, Kevin Watso#d; *Argonne
National Laboratory, Energy Sys. Div., 9700 S. Cass Ave., Argonne, IL
60439 USA;2Noranda Inc., Noranda Tech. Ctr., 240 Boul. Hymus,
Pointe-Claire, Quebec HOIR1G5 Canada

Magnola Metallurgy Inc. (MMI) will commission a 63,000 tpa pri-
mary magnesium production plant in June 2000. The plant will pro-
duce magnesium using electrolysis cells with industry standard carbon
anodes. Undesirable by-products of the electrolysis process with car-
bon anodes are chlorinated hydrocarbons (CHCs). These represent a
significant environmental concern, which MMI are committed to re-
ducing and eventually eliminating. One possible means to prevent the
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