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WEDNESDAY AM

Institute of Metals Lecture & Robert F. Mehl Medalist
"Some Generalities in the Analyses of Equilibria in lonic Solutions"
Robert Rapp
12:00noon
Convention Center, Presidential Ballroom - Jefferson A

gon

LMD Luncheon
"The Aluminum Industry of the Future Partnership”
Denise Swink
12:00noon
Convention Center, Tennessee Ballroom - Nashville

12th International Symposium on
Experimental Methods for Microgravity

Materials Science: Session 3

Sponsored byASM International: Materials Science
Critical Technology Sector, Electronic, Magnetic & Photonic
Materials Division, Structural Materials Division, Alloy
Phases Committee, Thermodynamics & Phase Equilibria
Committee

Program OrganizersRobert Schiffman, R.S. Research Inc.,
Barton, VT 05822 USA,; Carlo Patuelli, Universita di Bolo-
gna, Departimento di Fisica, Bologna 1-40126 Italy

Wednesday AM  Room: Memphis A
March 15,2000  Location: Opryland Convention Center

Session ChairReginald W. Smith, Queen’s University,
Dept. of Matls. and Metallu. Eng., Kingston K7L3N6
Canada

8:30 AM
Double-Layered Liquid Mass Under Microgravity: Masato
Takahashi Takamitsu Kurokawia Kazuyuki Shimamura Itaru Jimbé;
1Tokai University, Dept. of Metallu. Eng., Hiratsuka, Kanagawa 259-
1292 Japan

The study of Double-layered Liquid Mass under microgravity is
undertaken in Tokai University, Japan. The DLM, in which the first
spherical liquid mass is covered with the second liquid layer or shell,

may be one of the promising material refining and processing proce- Crystals: James K. Baird University of Alabama, Dept. of Chem.,
dures, where the reaction occurs at all over the interface between thdiuntsville, AL 35899 USA

two liquid phases. This can be well applied in the container-free pro-
cesses under microgravity. The DLM consisting of silicone oil and

relatively new technology for containerless processing of materials is
an electrostatic levitator (ESL). The current status of the MSFC ESL
Facility is discussed along with recent measurements for time, tem-
perature, transformation (TTT) diagrams for metallic glass-forming
alloys, solidification velocity, and discusses related microstructures.

9:10 AM
The Source of Voids in Al-In Samples Processed during the
LMS Mission: J. B. Andrews L. J. Hayes D. Downs; !University of
Alabama, Dept. of Matls. Mech. Eng., 1150 10th Ave. S., BEC 254,
Birmingham, AL 35294 USA

Three aluminum-indium immiscible alloys were directionally solidi-
fied during the STS-78 Life and Microgravity Spacelab shuttle mission.
These samples were part of an ongoing experiment entitled Coupled
Growth in Hypermonotectics that is designed to study fundamental
aspects of solidification processes in immiscible alloy systems. Post-
flight analysis revealed that two of the three flight samples contained
small voids in some areas that were sufficient in size to locally perturb
the solidification process. Great pains had been taken to minimize the
likelihood of void/gas bubble formation in these samples. Steps taken
included: 1) vacuum induction melting the alloys, 2) vacuum bake-out
of all portions of the ampoule assembly, 3) the use of a piston and
spring arrangement to compensate for thermal contraction and solidi-
fication shrinkage, and 4) loading and sealing the ampoule under vacuum.
The presentation will address the results of tests carried out in an
attempt to identify the source of these voids and modifications under-
way to help control this difficulty in the future.

9:30 AM
Growth Velocity-Interface Figuration Relationships in Under-
cooled Semiconductors T. Aoyamé& K. Kuribayashi; 1The Insti-
tute of Space and Astronautical Science, 3-1-1 Yoshinodai, Sagamihara,
Kanagawa 229-8510 Japan

A crystal growth behavior of a semiconducting material from deeply
undercooled melt is expected to be different from that of a metal
Several investigators have reported the transition from lateral to co
tinuous growth in solidification of undercooled pure Ge and Ge-base
alloys. However, there are many discrepancy between their resul
with respects to the critical undercooling for the transition. In the
present experiment, pure Si, Ge and their alloys were undercooled H
an electromagnetic levitator combined with a laser heating facility
The crystal growth velocities were measured as a function of unde
cooling by means of two photodiodes and a high-speed video came
The transition of the dendrite growth behavior was observed from th
change of the solid-liquid interface figuration.

9:50 AM Break

10:10 AM
Effect of Buffer and Salt on the Rate of Nucleation of Protein

Protein crystals nucleate from pH buffered aqueous solutions g
strong electrolytes. In aqueous solution, protein molecules exist as

water was successfully produced in a plateau tank facility and the Nighly charged macro-ions. The first step in the nucleation mecha-

transformation process of the DLM was carefully observed. Funda-
mental factors to affect the stability and the transformation of DLM
will be discussed. The effect of the application of ultrasonic wave on
the breakup and the reunification of DLM will also be discussed with
the variation in interfacial energy of the system.

8:50 AM

Solidification Studies from the Electrostatic Levitation Sys-
tem at the Marshall Space Flight Center Jan R. Rogefs Robert
W. Hyers; Michael B. Robinsoh INASA/MSFC, Mail Code SD47,
Huntsville, AL 35812 USA

nism is the formation of a dimer from two of these macro-ions. To
prevent the dimer and its successor nuclei from building an excessive
charge, we propose a nucleation mechanism which includes donation
of H* to the buffer. We suggest that the ions contributed by the dis-
solved salt produce Debye-Huckel plasma screening of these charged
species, which serves to accelerate their rate of agglomeration. We
modify standard nucleation theory to take these effects into account.
This research was sponsored by the National Institute of General Medical
Sciences of the National Institutes of Health through grant 1R15
GM51018 and in part by the Naval Research Laboratory in Washing-
ton, DC under grant N0O0014-94-1-GO16 from the Office of Naval

A containerless environment offers several advantages for studyingresearch.

the nucleation, solidification, and thermophysical properties of mol-

ten materials. In particular, containerless processing offers and ideal10:30 AM ) o )
environment for studying materials in the undercooled state and highly 1he Directional Solidification of Hypermonotectics to Deter-
reactive materials without contamination form crucible walls. One Mine the Effect of Convective Flow on Interface Stability J. D.

WEDNESDAY AM
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Barnes; J. B. Andrews 1University of Alabama, Dept. of Matls. and
Mech. Eng., 1150 10th Ave., SBEC 254, Birmingham, AL 35294 USA
The transparent-metal-analog system succinonitrile-glycerol was A|umina and Bauxite: Bayer Process
used to directly observe and determine the effect of convective flow
on interface stability. Hypermonotectic alloys were directionally so- Development
lidified using a temperature-gradient-stage microscope. Samples wereSponsored byLight Metals Division, Aluminum Committee
first processed horizontally in order to minimize flow. No flow stabil- Program Organizersi\/ito Cedro, Alcoa World Alumina,

ity limits were determined by systematically increasing the growth . . . .
rates to promote instability. Vertical processing orientations were then PIttSburgh’ PA 15219 USA; Joe Anjier, Queensland Alumina

used in order to determine the flow-modified stability limits. The Limited, Gladstone, Queensland 4680 Australia
sample thickness was systematically increased in order to decrease the
amount of damping on the fluid flow. Different hypermonotectic com- Wednesday AM Room: Jefferson B

positions were studied so that a comparison could be made on thenjgrch 15. 2000 Location: Opryland Convention Center
influence of both composition and convective flow on interface sta- '

bility.

Session Chair:Ashwadama Pasupulatey, Alcoa World

10:50 AM - . . Alumina, Point Comfort, TX 77971 USA
Effects of End-Wall Vibration on Oscillatory Thermocapillary

Flow: J. Bhowmick Q. Kou; A. Anilkumar; R. N. Gruge?;, Vanderbilt
University, Ctr. for Microgravity Rsch. and Appls., Nashville, TN  8:30 AM Invited
37235 USA;2University Space Research Association, Huntsville, AL Organics Removal from Bayer Liquor. Suresh K. Bhargava

35812 USA IRMIT University, Dept. of Appl. Chem., GPO Box 2476V, Melbourne,
Our previous flat zone experiments with NaNO3 revealed that steady Victoria 3001 Australia
thermocapillary flow (TC flow) can be balanced/offset by the con- The Bayer process for the production of alumina from bauxite is

trolled surface streaming flow (CSS flow), induced by end-wall vibra- used to produce ~95% of the world’s smelting grade alumina. The
tion. In the current experiments, we are examining the effects of initial reaction in this process is the dissolution of aluminum hydrox-
surface streaming flow on steadying/stabilizing oscillatory thermocap- ide AI(OH)3 and AIO(OH) in hot sodium hydroxide to produce sodium
illary flow. To this effect, we have set up a controlled NaNO3 half- aluminate Na+AI(OH)-4. After removal of insoluble impurities (mostly
zone experiment, where the processing parameters like zone dimen-quartz and fine iron oxides) the aluminum hydroxide {gibbsite-Al(OH)3}.
sions and temperature gradients can be easily varied to achieve oscillaThis is subsequently calcined (100@) to produce smelting grade
tory TC flow. In the present paper, we discuss the thermal signature ofalumina Al203). The Bayer process is cyclic and has only a very small
the TC flow, and how it is affected by imposition of CSS flow. The bleed of solution with the insoluble residues. Consequently, any organic
results will also include a comparison of the microstructure of a NaNO3- substance, which is soluble in hot alkali, will accumulate in the Bayer
Ba(NO3)2 eutectic, processed under oscillatory TC conditions, with process liquor to reach a very high steady-state concentration. For
and without imposed CSS flow. example, starting with a pure Bayer liquor (sodium hydroxide/alumi-
nate), each passage through the bauxite digestion step will result in
solution containing ~0.4g/L of the total organic carbon (TOC). How-
ever, the steady-state TOC concentration is ~30g/L. This especially
trues for Western Australian alumina refineries, which process very
low-grade bauxite. Such impurities may be humic and fulvic acids and
salts, tannins and other polyphenolic salts, low rank coal precursors,
and their degradation products. These have been classified according

our previous experiments performed during EUROMIR5 and LMS96 to the!r molecular weight distribution. The'presence qf these dissolved
organics pollutants (or TOC) causes major processing problems and

missions on the Columnar to Equiaxed Transition in refined Al-4wt%Cu production inefficiencies including: Reduced aluminum hydroxide yield,

alloys [1-3], a new series of comparative ground and space experi-: . . . .
. S . impure aluminum hydroxide, colored aluminum hydrate, interference
ments has been performed in order to analyse multigrain equiaxed

e ) - ; e with flocculation of iron oxide residues, foaming of process liquor and
solidification. A refined Al-3.5wt%Ni alloy, with a smalll solidifica- . . . . gorp > 19
S B ) . . increased liquor viscosity. Many processes have been devised to reduce
tion interval and a high eutectic fraction, has been chosen in order to . B .
. . : the concentration of organics from the Bayer liquor. However, very
directly reveal the morphology of the growing solid frozen at an early ) .
. ) L A few of these suggested processes have been put into commercial use
stage by the eutectic transformation of the remaining liquid. Samples _: - . .
; . : e ; ) since they are generally capital expansive and risky. One successful
of this alloy were directionally solidified with several velocity steps,

respectively in the AGHF furnace during STS-95 mission (Nov. 98, '[I)'rr?igeisss ;22;&5 l:n ounseteacthz?)rlt(;mn ?ilgggsdrirg:;rlgs‘]: alllr?:s; tét(l)rr?]lngn. )
AGHF6 experiment), and in TITUS during MIR-PERSEUS (May-June pon te gy ficen: ) pal pany
) . . . Showa. However, this is also capital intensive, expansive and associ-
99, collaboration with ACCESS). Comparative ground experiments : . . : S .
. I ated with other air pollution problems. This lecture will discuss various
were performed vertically upwards. We present here the preliminary . S ;
) . issues related to limitation caused by organics on the Bayer process
results of the experiment AGHF6: Space samples show a homogeneous . . .
o . o . - -~ “production and probable solutions to reduce or remove these organic
dendritic equiaxed structure with increasing grain sizes for decreasing . .
e - . pollutants from the aluminate liquor of Bayer process.
solidification rates. By contrast, a transition to mixed columnar-
equiaxed and then purely columnar structures is observed in ground9:15 AM
samples. Morphological parameters of the microstructures are deter-A Year of Operation of the SLC Process Benny Erik Raahaugge
mined by Image Analysis, and the influence of gravity driven convec- Jens Fengér Héléne Boily; José Pulpeifp Martin Gayot, FFE Min-
tion on these morphologies is discussed in relation with the radial erals DK A/S, MIA, 77 Vigerslev Allé, Copenhagen DK 2500 Den-
macrosegregation observed on the ground. [1] M.D. Dupouy, D. Camel, mark; 2Alcan International Limited, Banbury Lab., Southam Rd.,
F. Botalla, J. Abadie and J.J. Favier, Proc. 8th Int. Conf. on Modeling Banbury, Oxfordshire OX16 7SP URAIcoa Europe, Apartado de
of Casting, Welding and Advanced Solidification Processes, San Diego Correos 71, San Ciprian (Lugo) ES 27890
1998, p.415. [2] M.D. Dupouy, D. Camel, F. Botalla, J. Abadie, J.J. The first Solid-Liquid Calcination plant for destruction of organics
Favier, Microgr. Sci. Techn. XI/1 (1998), p.1. [3] M.D. Dupouy, D. in Bayer plant liguor was commissioned in 1999 at Alcoa Europe’s San
Camel, J.E. Mazille and I. Hugon, Proc. 3rd Int. Conf. Solidification Ciprian plant in Spain. The paper compares the first year of opera-
And Gravity, Miskolc, Hungary, April 26-29, 1999. tional experience with the design criteria and reports on the testing of
alumina dust from a calciner as a feed component.

11:10 AM
Effect of Gravity on Directional Equiaxed Solidification of a
Refined AL-3.5WT%NI Alloy : M. D. Dupouy; D. Camel; DEM/
SPCM, CEA-Grenoble, 17 Rue Des Martyrs, Grenoble, Cedex 38054
France

The formation of equiaxed microstructures in castings is well known
to be strongly influenced by convection and sedimentation. Following
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9:40 AM Based on the property of bauxite in Henan Province of China, the
Some Capabilities of Removal of Organic Substances from effect of alumina digestion efficiency and lime addition after digestion
Australian Bayer Process Liquors Yury A. Zaytsey; Valery P. on scaling of bauxite containing silicon and the abrasion to equipment
Lankint; Vadim A. Lipint; Michael B. Stolja¥; 'Russian National Alu- and tubes were studied and industrially tested. The first set of industrial
minum-Magnesium Institute, 86 Sredny Pr., St. Petersburg 199026 tube digestion equipment of China, which can treat 300 m3/h original
Russia;2St. Petersburg Mining Institute, 2, 21 Line, St. Petersburg diaspore bauxite pulp, has been set up in the China Great Wall Alumi-
199026 Russia3Nikolaev Alumina Plant, Nikolaev 327054 Ukraine num Corporation. The main part of the equipment was imported from
The organic substances have an impact on different operations inGermany. The half a year of industrial production with it shows the
Bayer process substantially. It arriving at the process from bauxites isobjectives for energy-saving and consumption-reducing have been at-
interacted with alkaline liquors, and still they repeated circulating in tained.
Bayer process during long time is stockpiled in spent liquor. In conse- 11:40 AM

quence of repeated circulation the organic substances are subjected tg S . .

) ) ) pplication of Thoroughly Carbonizing Pregnant Liquor to
great transformations. The formed new organic substances differ from ; . )
initial bauxite organic in chemical constitution. The elevated content Soda-Sintering Process Shangguan Zheng Yang Zhongyé, Hu

g : Shenxing; Luo An?, 1Central South University of Technology,

oforgric sbstes e g Soge e g e S L e i Copasion
9 9"€€N7iho, Shandong 255052 PRC

liguor averages between 1.5 kg and 2 kg. The fraction distribution of Thoroughly carbonizing pregnant liquor from leaching sinter ob-

organic supstances n eyaporated spent liquor by gravm_"letrlc mEthOd{ained by sintering mixture of soda and bauxite with high A/S, namely
was determined. An alkaline earth compounds are attractive as sorben . . ) . L
soda-sintering process, can get raw Al(OH)3 with high silica content.

of organic substances and _re-usable. The p033|b||.|t.y Of application Then the raw AI(OH)3 is processed by low-temperature Bayer process
number reasonable magnesium compounds for purification of Bayer ; . : .
producing sandy alumina[l]. This new technology makes soda-sinter-

process evaporated liquors was considered. The influence of tempera: : . .
. : ; ing process operated at high concentrations and can process bauxite
ture, duration of the treatment, concentration of the putting magne-

- - ) with low silica content, decreasing production cost greatly.
sium compounds on results of the sorption organic substances and gp 9 Y

losses of alumina were studied. It was established that amounts of
putting sorbent have great impact on the sorption, and at “LGI Pro-
cess” the losses of alumina are minimum. Some feasible variations of

regeneration and repeated application are pursued further. Aluminum RedUCtion TeChnOIOgy:

10:05 AM Break Environmental

10:25 AM Sponsored byt ight Metals Division, Aluminum Committee
The Adsorption of Sodium Oxalate Stabilizers to the Surface Program Organizers:John Chen, University of Auckland,
of Gibbsite (a Bayer Process Solid) under High lonic, High pH Department of Chemical & Materials Engineering,
Strength Conditions: Andrew Robert Hing Suresh Bhargava Auckland, New Zealand:; Georges J. Kipouros, Dalhousie
1IR.M.I.T., Dept. of Appl. Chem., GPO Box 2476V, Melbourne, Victoria University, Department of Mining and Metallurgical

3001 Australia . : .
Using a recently developed FTIR/ATR method for the in situ inves- Engineering, Halifax, NS B3J2X4 Canada

tigation of solid surfaces in highly alkaline, high ionic strength, aque-
ous media, the adsorption of a series of surface active quaternaryWednesday AM Room: Sewanee

ammonium (QA) compounds to the surface of gibbsite has been inves-\March 15, 2000 Location: Opryland Convention Center
tigated. The technique involves the use of a finely ground gibbsite,
combined with an appropriate adsorption matrix, and permits the in . . .
situ investigation of interfacial phenomena in high ionic strength, Session ChairHalvor Kvande, Hydro Aluminum Metal
highly alkaline (pH 12-13), aqueous media. Spectroscopic results showProducts, Stabekk N-1321 Norway

the formation of surfactant aggregate (or hemimicellar) clusters on
the surface of gibbsite (under the high ionic strength, high pH condi-
tions used), and suggest adsorption may occur in the order
C16<C12<C14. It is anticipated that this method will allow the acqui-

S'Esn of “ﬁ_(l)se Ireslpor(;ge” cun’r:/eg fqr the af(')rer'nent;oEed QfAS onf Margaret M. Hyland; Barry J. Welck James B. Metsén University
gibbsite, whilst also leading to the in situ investigation of the surface of Auckland, Dept. of Chem. and Matls. Eng., Private Bag, Auckland

gibbsite (e}nd _oth_er Bayer process solids) in s.ynthetic'and process Bayeg)2019 New Zealand?University of Auckland, Dept. of Chem., Pri-
liguors (high ionic strength, extremely alkaline media). vate Bag, Auckland 92019 New Zealand

10:50 AM Despite continuing and substantial improvements in the captur
A New Technology of Slurry Preparation for Bayer Process and treatment of fluoride emissions from smelting cells, the industr
Zhang ChengzhongHao Xiangdong Li Mingl; Peng Zhihong Liu continues to be faced with new environmental challenges. Interna-
Guihua; Li Xiaobinz; 1Shanxi Aluminum Plant, Directors Office, Hejin, ~ tional acceptance of protocols to reduce the release of greenhouse
Shanxi 043300 Ching&Central South University of Technology, Dept. ~ gases has again raised the need for the aluminium industry to closely
of Metallu., Changsha, Hunan 410083 China examine the sources, nature and treatment of all smelting emissions
Slurry in Bayer Process, prepared by the traditional one stage closedChanging practice, such as use of more acidic electrolyte coupled with
circuit grinding with a ball mill and a spiral classifier, cannot easily point fed cell design has also focused attention on the design and
meet the demands of particle size composition in tube digestion. A operation of dry scrubbers. The short term solutions have been to
new technology, with a hydraulic cyclone instead of the previous spiral increase the recycle in the scrubber and to use aluminas with higher
classifier, can prepare qualified slurry. This new technology is different fluoride capture capacities (higher BET surface area and/or alpha con-
from other grinding flow sheets in application at present. It can in- tent). Recent advancements in the understanding of the reactions
crease the output of ball mill, decrease the energy consumption andoccurring in the scrubber raises questions over the efficacy of these
raise the target of technology and economy. approaches and suggests a different balance between optimal reactor
design and alumina properties. Furthermore, an intimate knowledge of
the reactions which generate HF (e.g. the role of residual hydrogen in
anodes) may result in innovative approaches in the minimisation of
emissions. With the substantial advances in the capture of fluoride
emissions, attention has turned to other cell gases. Much of the anode

8:30 AM Invited
Changing Knowledge and Practices Towards Minimising Fluo-
ride and Sulphur Emissions from Aluminium Reduction Cells

11:15 AM

Tube Digestion Technology for Treating Diaspore Bauxite in
China: Wang Xing Li; Pei Kai Song Zi Jian Lu; !China Great Wall
Aluminum Corporation, Shangjie, Zhenzhou, Henan 450041 China
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sulfur is released as COS, which is not entirely oxidised to SO2 beforeto stricter legislation forcing smelters outside these areas to install
its release to the environment. COS is a critical gas in the atmosphericSO2 control systems. The electrolysis represents approximately 80%
sulfur cycle, owing to its transportability into the stratosphere. The of the released SO2 for prebake smelters and approximately 95% for
generation of this gas is not well understood, nor is its fate in the dry Soderberg smelters. The paper is addressing current SO2 removal legis-
scrubber. Ensuring the complete oxidation of the sulfur gases releasedation as well as current removal technologies applied within the Alu-
from the anode is one strategy to ensure COS is not emitted. Theminum industry with focus on investment and operational cost per ton
industry has seen a dramatic reduction in anode effect frequency in theSO2 removed.
last two decades but we need to pause _and examine whether moden_jLo:15 AM Break
knowledge can be applied towards reducing them further.
10:25 AM
Understanding and Controlling HF Fugitive Emissions through
Continuous HF Monitoring and Air Velocity Characterisation
in Reduction Lines Elaine Yee-Leng SumChris Cleary;, Tseng T.
Khoo3; 1Comalco Research & Technical Support, 15 Edgars Rd.,
Thomastown, Victoria 3074 AustralidComalco Aluminium Limited,
Boyne Smelters Reduction Line 3, Handley Dr., Boyne Island,
Queensland 4680 AustralidBoyne Smelters Ltd, Reduction Lines
1&2, Handley Drive, Boyne Island, Queensland 4680 Australia

HF fugative emissions were studied at Boyne Smelters Ltd., an alu-
minium smelter operating with two different technologies. Fugative
emissions from reduction cells, anode butts, bath sows, Pacman skips
and open metal crucibles were characterised by an open path FITR
spectrometer. The effects of bath chemistry, draught and cell design
on fugative cell emissions were investigated. Real time monitoring by
a continuous HF gas analyser provided a useful tool for improving
work practises and reducing fugative emissions. The air velocity pro-
file in the reduction line roof was characterised using an array of vane
anemometers. The diurnal variation in the roof air velocity underlined

9:00 AM
Environmental Improvements in a Soderberg Potline Nancy C.
Holtl; Marit S. Aalby; Kirsten L. Bolstaé, T. Foosnaels Morten
Karlsert; Victoria Kielland; H. Kvandé; !Hydro Aluminium Metal
Products, Tech. Centre Ardal, @vre Ardal N-6882 Norwayydro
Aluminium, Ardal Smelter, Norway

A traditional Soderberg potline usually has higher roof emissions
than a prebake line. Much work has been made over the last two
decades and considerable reduction of roof emissions and improve-
ments of the internal working atmosphere have been obtained. During
1998 the Soderberg potlines in Ardal were converted to point feeder
technology, and a new study was initiated to analyze and identify
factors with further improvement potential. This study consists of
analysis of HF and dust emissions data, potroom operating routines,
ventilation conditions, alumina quality and technical elements such as
feeding. It is found that technological elements and changes of raw
materials are the more important reasons for periods of high roof
emissions of the potline. Average HF and dust emissions from the pots

with point feeding are not higher compared with the ones with side the importance of a proper sampling proceedure, if intermittent moni-

breakers. It is observed that filling and fluidizing of alumina silos on o . . . -
toring is employed. A continuous, open path, optical air velocity

the pots may cause dusting, and that a combination of alumina charac- o : .
L ) . g . monitoring system was successfully trailed. A new approach using an
teristics and certain climatic conditions can be a source for seasonal

S . N S . ultrasonic anemometer was found to be suitable for monitoring roof
variations in roof emissions. Potroom ventilation does not contribute

to unusually high emissions, however, conditions at the center of the air velocity continuously.
potroom may not be optimal. CFD simulations resulted in suggestions 10:50 AM
for improved working atmosphere. Perfluorocarbon (PFC) Generation during Primary Aluminum
Production: Jerry Marks; R. Roberts V. Baksht; E. Dolint; *Alcoa
Technical Center, 100 Tech. Dr., Alcoa Center, PA 15069-0001 USA
The primary aluminum industry is continually working to improve
production efficiency and enhance environmental performance. As
part of EPA’'s Voluntary Aluminum Industrial Partnership (VAIP) Pro-
gram, eleven U.S. primary producers are focusing on reducing the
duration and frequency of anode effects (AEs), which reduce aluminum
current efficiency and generate two perfluorocarbons (PFCs), CF4 and
C2F6. PFCs effectively trap heat in the atmosphere, contributing to
the greenhouse effect. To better understand PFC emissions and key
factors influencing their generation, VAIP sponsored a second, data-
intensive measurement program at six aluminum smelters (the results
of the first round of measurements were reported at the 1998 TMS
meeting in San Antonio and appeared in Light Metals 1998—277-
285). At each smelter, PFCs were measured from the potroom exhaust
ducts using a continuous real-time mass spectrometer. Fugitive emis-
sions were sampled from roof exhausts and measured by FTIR spec-
trometry. Emissions were related to facility operational parameters
such as AE frequency, AE duration, and AE over-voltage. The real-
time measurement capability provides the ability to generate highly
time resolved emissions profiles of individual anode effects. This in-
formation gives new insights into the factors influencing emissions in
addition to estimating overall smelter emissions. Several smelters pro-
vided data on the voltage profile of individual anode effects, which has

9:25 AM
The Surface Chemistry of Secondary Alumina from the Dry
Scrubbing Process Alistair Ross Gillespie Margaret M. Hylang
James B. Metsén Comalco Research and Technical Support, Alu-
mina Tech., 15 Edgars Rd., Thomastown, Vic 3074 Austradliajver-
sity of Auckland, Dept. of Chem. and Matls. Eng., Private Bag,
Auckland 92019 New ZealandUniversity of Auckland, Dept. Of
Chem., Private Bag, Auckland 92019 New Zealand

Dry scrubbers at modern aluminium smelters prevent discharge of
particulate material and gaseous hydrogen fluoride by returning virtu-
ally all of the collected material to the electrolytic cell. As such, they
have an important impact on the smelter’'s materials balance. Return
of fluoride is beneficial as it reduces the smelter’s requirement to add
aluminium fluoride to maintain constant bath ratio. On the other
hand, return of hydrogen in the form of water, HF, or chemically
bound hydroxyl, is not beneficial as this may result in release or regen-
eration of HF. Data presented here show fluoride in dry scrubbed alu-
mina to be bound as a hydrated aluminium-hydroxy-fluoride phase of
variable stoichiometry. Water of hydration is relatively weakly bound
and could participate in hydrolysis reactions in the fume, during cell
feeding. Hydroxyl ions are more strongly bound and may participate in
hydrolysis reactions with the electrolyte, or in self-hydrolysis of the
aluminium hydroxy-fluoride.

9:50 AM shown correlation to emissions in both bench-scale laboratory studies
SO, Emission Control in the Aluminum Industry: Svein Ole at MIT and other measurements. The paper reviews the data, provides
Stremmeh E. Bjornstad G. Weddé, ABB Environmental Norway, recommendations for improving PFC emissions predictability and sug-

Flakt Div. for the Aluminium Industry, Postboks 6260 Etterstad, Oslo gests possible means for reducing these emissions.
0603 Norway

SO2 emissions from the aluminum industry are modest on a world-
wide and national scale. Large modern smelters using high-sulfur pe-
troleum coke in anodes and smaller smelters with topographical unfa-
vorable conditions may, however, be significant sources locally. This
has lead environmental regulators to again review local legislation.
Currently SO2 emission legislation is in force in Scandinavia and in
some areas in the US. The ongoing review of SO2 emissions might lead

11:15 AM

Intercomparison of Three Separate Technologies for the Mea-
surement of HF Stack Emissions from the HAW Primary Alu-
minium Smelter: Rudolf Heget; Andre Abbé; John T. Pisarnp
Matthias Fran Hamburger Aluminuim-Werk GmbH, Dradenauer
Hauptdeich 15, Hamburg 21129 Germa#fynisearch Associates Inc.,
96 Bradwick Dr., Concord, Onatrio LAK1K8 CanadRjer Enterprises

GmbH & Co. KG, Voltastrasse 7, Hattersheim 65795 Germany
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Tests were conducted at the HAW smelter between three separatend presents a more reliable means for the determination of Lc and

technologies with respect to HF measurements. The standard VDI

reference measurement procedure for gaseous inorganic fluorine com-

pounds (VDI-2286 Part 1) was used to compare Tunable Diode Laser
Spectroscopy (TDLAS) with existing potentiometric based instrumen-

tation. A total number of 30 tests were conducted between all three
measurement methods and in all but 5 the TDLAS instrument was in
better agreement to the standard method. The TDLAS response als
closely tracked the many manual manipulations done to the scrubbing

process during the evaluation period and had response times as fast as
one second. This fast and accurate response would likely enhance

scrubber efficiency control. The TDLAS instrumentation used, pro-
vides an effective alternative to other technologies with respect to
measuring HF emissions as the overall average deviation between th
TDLAS instrumentation and the standard method was around 7% for
the 30 tests.

Carbon Technology: Materials

Properties and Modeling
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8:30 AM
The Use of Petrographic Techniques for Evaluation of Raw Ma-
terial and Process Changes in an Aluminum Smelter J. An-
thony Ross !Century Aluminum, Primary Products Div., P.O. Box
98, Ravenswood, WV 26164 USA

The value of routine use of common petrographic technique in
support of a process control system in an aluminum smelter is pre-

reflectivity measurements.

9:25 AM

Evolution of Thermal, Electrical and Mechanical Properties of
Graphitised Cathode Blocks for Aluminium Electrolysis Cells

with Temperature: Bénédicte Allar¢ J. M. Dreyfus; M. Lenclud;
iCarbone Savoie, Lab. de Recherche et d’Essais, 30, Rue Louis Jouvet,

oBP16, Venissieux 69631 France

In order to predict the behaviour of cathodic blocks in aluminium

electrolysis pots, measurements of their properties should be made
under conditions as close as possible to the real conditions. Tests have
been developed to characterize thermal, electrical and mechanical

é)roperties versus temperature, and concerning electrical resistivity

also under electrolysis. Characterization of various grades of graphite
blocks has been performed, through thermal conductivity, electrical
resistivity, flexural strength and fracture energy measurements. The
evolution of these characteristics between room temperature and
1000°C is studied and compared to the carbon blocks one. Values at
1000°C can be used for pot modelization.

9:50 AM
Thermo-Electro-Mechanical Modeling of the Contact between
Steel and Carbon Cylinders Using the Finite Element Method
Daniel Richard; M. Fafard; R. Lacroi®; P. Clery; Y. Maltaig; Laval
University, Chem. Eng./GIREF, Pouliot Bldg., Ste-Foy, Quebec G1K7P4
CanadapAlcoa-Lauralco, 1Boul. Des Sources, Deschambault, Quebec
GOA1SO Canada

The Hall-Héroult aluminum reduction process requires an enormous
amount of electrical power. Energy saving strategies lead to the analy-
sis of the electrical losses at the cast iron/carbon interfaces in the
anodic and cathodic assemblies. Numerous experimental studies were
made in the past years, both in situ and in laboratories. However, they
did not provide any practical means of predicting the interfacial elec-
trical contact resistance. Here, an indirectly coupled thermo-electro-
mechanical finite element model of the 1992 experiment of M. Sgrlie
[1] was built using the commercial code ANSYS. This model was used
to obtain a semi-empirical constitutive equation relating nominal con
tact pressure and temperature to electrical contact resistance. Agre
ment with experimental data was found to be excellent. The difficult
of predicting contact resistance with existing theories is discussed
Application to stub hole and collector bar slot design is also discusse(

sented. Included is a brief review of the techniques used in petrography
and how they proved valuable in defining a petroleum coke quality
change, in a case study at Century Aluminum’s Smelter. The impact on

green-anode paste characteristics from conversion of solid pitch usageand Foundry

to liquid pitch is also presented. Although there have been significant
developments in recent years in the areas of microscopic imaging an

basic use of microscopic techniques in most smelter laboratories is
minimal. A cursory review of smelter process materials will also show
various characteristics valuable to the evaluation of process change
and routine operations.

9:00 AM
The Relation of Reflectance to the Degree of Calcination of
Coal Tar Pitch: J. Anthony Ros$s Ray Patalsky; Century Alumi-
num of WV, Primary Products Div., P.O. Box 98, Ravenswood, WV
26164 USA;2Coal Petrographic Associates Inc., 3100 Braun Ave.,
Murrysville, PA 15668 USA

Coal rank, or degree of maturation of coal, influences the behavior
of coal in various mechanical and thermal processes. Vitrinite reflec-

goponsored bytight Metals Division, Aluminum Committee
advanced pore structure/volume measurements of petroleum coke, thd®rogram OrganizersPaul Crepeau, General Motors

SCorporation, Department of Engineering, Louisville, KY

Cast Shop Technology: Melt Quality

Corporation, GM Powertrain Group, Pontiac, Ml 48340-2920
USA; James N. O’'Donnell, Commonwealth Aluminum
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tance techniques have been used successfully to characterize the degree

of maturity of coal. The adaptation of these techniques is proposed
for the indirect determination of the calcination level of coke from

anode binder pitch. The correlation of the maximum reflectance of
pitch coke with calcination temperature and graphite crystalline size
(Lc), indicate that coal tar pitch can be effective as a means for

8:30 AM

8:35 AM

Laboratory and Industrial Validation of an Ultrasonic Sensor
for Cleanliness Measurement in Liquid Metals lain D.
Sommerville University of Toronto, Metallu. and Matls. Sci., 184

Introductory Remarks

indirectly determining the degree of baking of anodes. Green petro- College St., Toronto, Ontario M5S3E4 Canada

leum cokes, presently used for indirect measurements, have varying

amounts of isotropic and anisotropic structures which can differ in Lc
values, after calcination. Pitch coke is less variable in microstructure

An ultrasonic sensor for cleanliness measurement in liquid metals
has been developed, and is in the process of commercialization for
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aluminum melts. In this paper, attention is focussed on practical as-of the quality of final products from casting foundries and casthouses,
pects such as calibration procedure, choice of gate width and location,it is important that world-class operations accurately benchmark metal
time setting, the ease of handling and movement of the probes, andquality. For decades, and still today, metal cleanliness has been widely
the cheapness and ease of operation in the casthouse. Particular attemonitored using the metallographic analysis of solidified samples. These
tion has been paid to the signal processing and the conversion of thesamples may or may not be filtered. With filtering, the required tech-

information contained in the CRT trace to a user-friendly format for niques are time consuming and resource-intensive — analysis results of
quick and easy assimilation. The relative roles of counting and attenu-grab samples are obtained off-line only after significant delays. If no

ation in assessing melt cleanliness in the dynamic situation of castingfiltering is used, the results suffer from low sensitivity and human

are explained, and the ability to conduct sampling simultaneously in interpretation. The following paper proposes a new way of expressing
several locations, and the potential for various probe arrangementscleanliness measurements of liquid aluminum, and provides benchmark
are also discussed. Several other ancillary procedures which help toreferences for common castings and wrought alloys. The paper also
validate the measurements are also described. provides the measurement conditions and the validity of these bench-
marks, and gives a description of the instrument used to generate

9:00 AM ; . -
cleanliness measurements directly at-line.

Measurements of the Hydrogen Concentration in Cast Alloys
Jo Verwimp; F. De Schuttér G. Merteng J. Vits$; VITO, Process 10:15 AM Break
Tech., Boeretang 200, Mol 2400 BelgiugiKatholieke Hogeschool
Kempen, Campus HIKempen, Kleinhoefstraat 4, Geel 2440 Belgium;
3Hayes Lemmerz Belgie BVBA, Lage Weg 392, Hoboken 2660 Bel-
gium

Hydrogen is the only important gas in liquid aluminum and can have
severe detrimental effect on the properties of the cast product. In
order to measure the hydrogen content in liquid aluminum, several
tools for on-line measurements have been developed and are used in
production facilities. However, a straight correlation between these

10:20 AM

Metal Quality Comparison of Alcan Compact Degasser and
SNIF at Alcoa Mt. Holly Casthouse D. C. Chesonis E. Elde?; R.

O. Wooc; D. H. DeYound; Alcoa Inc., Ingot and Solidification,
Alcoa Tech. Ctr., 100 Technical Dr., Alcoa Center, PA 15069 USA;
2Alcoa Inc., Alcoa Mt. Holly, P.O. Box 1000, Goose Creek, SC 29445

LIMCA and Alscan measurements of inclusion and hydrogen con-
measurements and the final product is not quaranteed. Moreover centrations were performed at the Mount Holly Casthouse to compare
P g : ! athe metal quality obtained with an Alcan Compact Degasser to that

distinction between pores originating from hydrogen or shrinkage ma ) :
; ' P 9 g yarog - y obtained with a SNIF degasser. The measurements were conducted at
be important to adjust the production process. In order to measure the ; . : : S
o . : two casting pits that are identical except for the degassers. The in-line
hydrogen concentration in solidified aluminum, methods such as hy-

drogen extraction techniques have been developed. This paper de_metal treatment at one pit has a two stage, R-140 SNIF degassing unit,

scribes the use of such a system (Strohlein H-MAT 2020) in order to while t_he other.plt uses a six rotor Alcan Compact Degasser. Identical
NI . ceramic foam filters are used downstream of the degassers. Data was
evaluate the hydrogen concentration in cast aluminum wheels. The

- . ... . ~“obtained from 11 casts of 6xxx alloys over a four day period. This
obtained hydrogen data are compared with calculated solidification - ) ; : o .

) . ; . o . paper will summarize the data and will provide a statistical comparison
profiles and with test results of mechanical and microscopic investiga-

; ) between the two degassing units. LIMCA inclusion concentrations en-
tions. The results show a correlation between the hydrogen concentra- . ) . ; .
tion and the solidification profiles tering the degassers, inclusion concentrations after the ceramic foam
P ’ filters, hydrogen concentrations at the exit of the degassers, and the
9:25 AM hydrogen removal efficiencies will be compared.
Achieving Low Hydrogen Content in High Purity Aluminum: .
10:45 AM
Leonhard Heusler Werner Kapellner Ronald Bechér Jean-Claude . .
S L Mechanical Properties and Heat Treatment of A357 Foundry
R. TerrieB; VAW Aluminium AG, R&D, Cast Shop Tech., P.O. Box . . ) .
; Alloys: B. Closset S. Khan; !Timminco S.A., 44 Chemin Petite-
2468, Bonn 53014 GermanyVAW Highpural GmbH, P.O. Box o . :
; s o ; Boissiere, Geneve CH-1208&hellcast Foundries Inc., Montreal North,
100664, Grevenbroich 41490 Germaniéchiney Aluminium Engi-
) : ; Quebec H1G5L4 Canada
neering, Alpur and Casthouse Equip., Centr'Alp-B.P. 24, Voreppe . .
38341 Erance Several types of A357 alloy containing different amounts of stron-
. , . . tium, berillyum, titanium and zinc were investigated. Test bars were
Due to the steady increase of the customers’ quality requirements . A . )
; ) . LT cast in ceramic shell molds to measure the mechanical properties of
the producers of high purity aluminum rolling ingots have to spend . o
. o the different A357 alloys compositions. After heat treatment the
much effort on reducing the hydrogen content. By optimization of the . - . -
) ) ; microstructures and the mechanical properties were studied. The prop-
melting and casting process, VAW highpural, a german producer of _ ° :
erties obtained after two new heat treatment cycles were compared to

high purity aluminum, already achieved low hydrogen levels. In order .
) : ; the properties measured after a standard heat treatment cycle. It was
to meet even higher requirements as for example for the production of ) . .
. ; ) . shown that a small amount of berillyum (0.040%) added in combina-
high voltage capacitor foils a degassing system (ALPUR TS 35) was . ) e e )
tion to strontium modification increased significantly the mechanical

installed additionally. With respect to possible melt contamination : . . )
with oxides, major selection criteria were a good sealing of the system properties (tensil strength, yield strength, elongation). The effect of
) ! 9 9 y the heat treatment on the AI-Si eutectic morphology has also been

against ambient air and an additional calming chamber within the box. studied

For the evaluation of the system and the optimization of the degassing '

parameters, a systematic program of casting trials was carried outl1:10 AM

using AISCAN and NOTORP measurements up- and downstream to Alloy Refinement Using Computational Thermodynamics Ravi
assess the degassing efficiency, whereas the capability of inclusionVijayaraghavan; Jacob W. Zindé| John E. Allison; !Ford Motor
removal was evaluated by means of LIMCA and PoDFA measure- Company, Ford Rsch. Labs., MD-2122 SRL, Dearborn, Ml 48124-
ments. In general, a reduction of the hydrogen content from approx. 2053 USA

0.17 ml/100g Al (AISCAN) to 0.10 ml/100g Al was achieved while the The significant volumes of cast components required by the auto-
inclusion content in some cases slightly decreased. motive industry provides an important opportunity for alloy refine-
950 AM ment. One tool which is available for more efficient alloy design is

Using the Prefil-Footprinter Instrument: Alain A. Simaré Jasmin computational thermodynamics. In this study We. have useq
. . . . . ThermoCalc, a software tool to calculate thermodynamic phase equi-
D. Proul¥; Dany Veillette; Francois Dallaire Paul Rochette ABB- Lo - M .
libria in complex multicomponent systems. The objective of this work

CB:Z?:dn; Inc., 450 St-Jean-Baptiste, Quebec City, Quebec GZESSSis to study and demonstrate the potential of phase diagram calculation

Benchmarking is an important aspect of today’s Total Quality Man- in refinement of cast aluminum alloys used in engine blocks and heads.

agement (TOM) and is a requirement for world-class corporations Non-equilibrium solidification of a multicomponent 319 aluminum
g q P " alloy was simulated under the Scheil condition using ThermoCalc.

. . : o a
Quality measurement is also rgqu!red by stand_ard.|zat|on programs SUChResults were quickly obtained, predicting evolution of fraction solid
as 1SO9000 and QS9000. As liquid metal quality is an essential aSpeCtlatent heat and phase format‘ion. Validation of ThermoCalc predié-
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tions with quench experiments will be presented in this talk. The ation. In this work, with adopting the concept of “Damage Tolerance
effect of alloying elements on evolution of the iron intermetallis, Design,” a more reliable life prediction model was developed based on
FeSi and script phase, will be summarized. A major goal of this researchlinear elastic fracture mechanics. To predict the propagation of part-
is the development of a method for systematic alloy refinement using through cracks in RPV by this model, it is necessary to characterize
computational thermodynamics. the shape of a flaw and to estimate stress intensity factors for the
) evolving crack. It is also known that the stress intensity factor of a
11:35 AM } ; .
. L . . . . e surface crack varies along the flaw border, leading to a change in the
Die Soldering in Aluminum Die Casting Qingyou Hah; Srinath . ) A
A . . . flaw shape during propagation. However, in-situ measurement of the
Viswanathai 1Oak Ridge National Laboratory, Metals and Ceramics, e
) flaw length along the boundary of the surface crack could be difficult.
Bldg. 4508, MS 6083, Oak Ridge, TN 37831 USA LS ) - .
e o I - The initial crack shape, an input for this model, can be obtained by
Two types of tests, “dipping” tests and “dip-coating” tests, were . - ) :
. . . . non-destructive tests or prescribed by related regulations. A Paris-law
carried out on small steel cylinders using pure aluminum and 380 alloy . - ) M
. . : . . ) . ~7 relationship between crack growth rates and stress intensities was de-
to investigate the mechanism of die soldering during aluminum die

. . ) ) rived from the experimental results. Meanwhile, a series of stress
casting. Optical and scanning electron microscopy were used to study. . . )
T . intensity factors for surface cracks with different lengths and aspect
the morphology and composition of the phases formed during solder-

ing. A soldering mechanism is postulated based on experimental obser-ratlos were estimated by finite element analyses. According to the

: . o - S stress intensity factors and the initial crack shape, the development of
vations. A soldering critical temperature is postulated at which iron - ) ; -

. . : ) . L these surface cracks and remaining life under the service loading spec-
begins to react with aluminum to form an aluminum-rich liquid phase

S . - trum could be predicted via the block and statistical methods. Experi-
and solid intermetallic compounds. When the temperature at the die - )

A ) - . . mental results were used to assess the feasibility of this model. The
surface is higher than this critical temperature, the aluminum-rich

front surface of a progressing crack can be observed by optical or

phase is liquid and joins the die with the casting during the subsequent . ) .
L . : ) electron microscopy. Scanning electron microscopy (SEM) was also
solidification. The paper discusses the mechanism of soldering for the ; . ;
performed to examine the fractographic features of fatigue-tested

case of pure aluminum and 380 alloy cast in a steel mold, the factors ; S ) . .
specimens, from which internal flaw profiles can be inferred. In view

sz)ellctje[?irr?éng(t:iusrglderlng, and the strength of the bond formed when of the complex configuration of RPV, fatigue s_pecimens_ of different

' designs were tested to characterize the cracking behavior of RPV at
various potential sites under simulated loading conditions. With these
analysis database, the residual service life of RPV will be predicted
while the cracks are observed during routine maintenance.

8:55 AM

Cyclic Deformation and Fatigue of

MaterlalS; A Symp03|Um in Honor Of Curvilinear Coordinates for Mode Ill Crack Plastic Zone in a
Professor Campbe” Laird: Crack Ini- Work Hardening Solid: Johannes Weertman Northwestern Uni-
.. . . versity, Dept. of Matls. Sci. and Eng., Evanston, IL 60208 USA
tlatlon, GfOWth and Fatlgue I—lfe (”) In antiplane strain the static equilibrium equation in any curvilinear
Sponsored byASM International: Materials Science coordinate system i80,/0F + 0, /R; + 305,/8T + o, /R = 0 and the

Critical Technology Sector, Structural Materials Division, Jt. ;"ai” :Omg’aT“b”;ty fq‘]{?‘“on iéséz’iF + ;Té‘/RTt'- &zdéT@'r;sz/RF =tg-
MeChanlca| BehaVIor Of Materlals ere an rerer 1o finger an um Irections ap are e

. P . . radii of curvature of the finger and thumb trajectories. Given an
Program OrganizersZhirui Wang, University of Toronto, particular coordinate system settiog. = 0 ando;, # 0 immediately

Department of Metals and Materials Science, Toronto, solves some antiplane problem. Given a particular problem a coord
Ontario Canada; Charles McMahon, University of Pennsyl- nate system can be found (in theory) in whech = 0 andoy, # 0. For
vania, Department of Materials Science and Engineering, a power law hardening law of exponent m the strain components a

. . . - €, = 0 ande, /e, = (07,/0,)¥m. The equilibrium equation (wheo,. = 0
Philadelphia, PA 19104 USA; Pedro D. Peralta, Arizona State and,, # 0) reduces (@6, J5T + 6, JR. = 0 and the strain compatibility

University, Department of Mechanical and Aerospace equation t630,/3F + mo,/R; = 0. Using the relationshif#/5F - 3/5T2
Engineering, Tempe, AZ 85287-6106 USA, J. K. Shang, = (1/R)3ISF - (1/R)3/3T it is easily shown that the radii of curvature
University of lllinois, Department of Materials Science and of the coordinate system trajectories that gives the solution to
Engineering, Urbana, IL 61801 USA problem must satisfyd(1/R.)/ 6F - md(1/R;)/ T + (1-m)(L/R)(L/R;) =

0. The coordinate system that satisfies this relationship is found fo
. the problem of the plastic zone of a mode Ill crack in a power la

Wednesday AM Room- Canal A . work hardening solid in small scale yielding. It is y =ra(@@m), x = 1/
March 15, 2000 Location: Opryland Convention Center — 2a{us/a+m(2ar)y@-miam) - yamiwem) (2arfa-mia+m + [(1-m)/(1+m)](2ar)},

where X, y are measured from the crack tip, a is the crack half lengt
Session ChairsR. O. Ritchie, University of California, ag:’ r 'Sdg't:’e” by_@'zarymﬁm); (l‘jfzar)z“;fm)z 1. ’;“Ugef ”alecftor%h's A
Dept. of Matls. Sci. & Min. Eng., Berkeley, CA 94720 USA; :’rajae'gs)rie;' varying U while holding v iixed and vice versa for thum
Johannes Weertman, Northwestern University, Dept. of
Matls. Sci. & Eng., Evanston, IL 60208 USA 9:20 AM

Influence of High Load Ratios on the Fatigue Threshold in Ti-

6Al-4V: B. L. Boyc& R. O. Ritchié; University of California, Dept.

8:30 AM of Matls. Sci. and Mineral Eng., 1 Cyclotron Rd., MS: 62-203, Berke-
Life Prediction of Reactor Pressure Vessels under Cyclic Load- ley, CA 94720 USA

ing: Ren Zhi L¥; Jiunn Yuan Huarig Ji Jung Yel Ken Feng Chien Typically fatigue crack propagation is characterized at low to mod-
Roang Ching Kug Peter K. Liaw; Jenn Gwo Huarig !nstitute of erate load ratios (ratio of minimum to maximum load) in the range of

Nuclear Energy Research, Nuclear Fuels and Matls. Div., 1000 Wenhua0.1 to 0.8. However, “ripple-loading” conditions such as those experi-
Rd. Chiaan Village, Chiaan Village Lungtan, Taoyuan, Taiwan 325; enced in turbine engines under high-cycle fatigue conditions can occur
2The University of Tennessee, Dept. of Matl. Sci. and Eng., Knoxville, at very high load ratios, R>0.8. For this reason, recent experimental
TN 37996-2200 USASTaiwan Power Company, Taipei, Taiwan 100 work has focused on the influence of load ratio in the range of 0.1-
Surface and internal cracks are the flaws commonly observed in0.96 on the fatigue threshold in Ti-6Al-4V using both constant-R and
nuclear reactor pressure vessels (RPV), which are subjected to cyclicconstant-K ., approaches. At R>0.5, the variation of threshold with
loading. Nowadays, the flaw analyses are performed using “limit load” load ratio (or K,) can largely be addressed based on closure argu-
as the failure criterion for safety assessment of nuclear power plants.ments. However, at R>0.5 (beyond the elimination of macroscopic
However, there is a substantial conservatism built into the flaw evalu- closure mechanisms), th& threshold decreases linearly with respect

WEDNESDAY AM



to K, The possible mechanisms for this behavior include: sustained 11:25 AM

load cracking (as induced by creep-fatigue or stress-assisted hydrideFatigue Crack Propagation in Underfill Materials in Micro-
formation), near tip closure, or static modes. Discussion will focus on electronic Packages Jieping Zhang !Intel Corporation, CH5-
recent experimental work and evidence in the literature to delineate 158, 5000 W. Chandler Blvd., Chandler, AZ 85226 USA

the mechanism for this K, influence on the threshold. Cracks formed in underfill materials during stresses are often ob-
served to continue their propagation into traces in the substrate, which

9:45 AM Break ) . ; A ) ;
cause electrical failures in microelectronic devices. Hence, a fracture

10:10 AM mechanics-based technique was used to characterize the fatigue crack
Plastic Deformation and Fatigue Crack Initiation in 316L Aus- propagation behavior of different underfill materials under two differ-
tenitic Stainless Steel: Crystallographic Aspects P. Villechaisé; ent environmental conditions, i.e., ambient and@B5% RH. Under

M. Mineurt; J. Mendef ENSMA, Lab. de Mecanique et Physique des the ambient condition, there was a well-defined threshold existing in
Materiaux, Teleport 2, 1 Avenue C.Ader, Chasseneuil, Cedex BP40109each material studied, while under°8885% RH, near-threshold insta-
France bility was observed. Crack growth rate at the near threshold region
Plastic deformation and crack initiation feature were investigated suddenly increased after a period of time during cycling. The near-
in an austenitic stainless steel (316L) cycled in tension compression atthreshold instability is believed to be the result of interaction between
room temperature under plastic strain control. For these conditionsthe materials and the environment.
different crack types are observed to initiate at Intense Slip Bands or
in twin and grain boundaries. This paper is focused on crystallographic
analysis of transgranular cracks (in PSB), the most frequent microcracks

in the air environment. For that a population of some hundred of Genera| RecyCIing Of Materia|s- TOpiCS
cracks was investigated. Each specimen surface area concerned b)ReIated to L|ght Metals RecyCIi.ng

these cracks was characterized by EBSD (Electron Back Scattered
Diffraction) measurements. Then, the knowledge of crystalline orien- Sponsored byExtraction & Processing Division, Light
tations with regard to the stress axis permitted us to identify the Metals Division Recycling Committee

activated slip systems in each grain. The nature of the sites for crack . .
initiation was also identified. Crystallographic aspects were studied by Program OrganizersGuy Fredrickson, Reyn0|ds Metals

taking into account global or local textures: Firstly the influence of Company, Smelter TeChn0|Ogy Laboratory' Muscle Shoals,

the global rolling texture of the material on the cyclic behavior and on AL 35661 USA; llaria Accorsi, Daimler Chrysler, Toledo, OH

total fatigue damage (cracks density) was studied. For that, different 43606 USA

sampling directions were defined in the rolled plat to favor <111>,

;'100? dlrectlons cqrrespondlng to.multlple slip behavpr or.othe'r Wednesday AM Room: Canal C
irections favoring single slip behavior. Differences described in this . .

paper concern stress-strain curves and crack density. Concurrently,MarCh 15,2000 Location: Opryland Convention Center

the role of local texture on slip band activity and crack initiation

mechanisms was analyzed. Crystallographic and geometric relevantSession ChairsGuy L. Fredrickson, Reynolds Metals

parameters in crack initiation process were then determined. Company, Smelter Tech. Lab., Muscle Shoals, AL 35661
10:35 AM USA; Christina Viklund-White, MEFOS, New Tech. Dept.,
A Review of Practical Application to Fatigue Life Prediction Lulea SE-971 25 Sweden

under Biaxial Stress Conditions F. Lorenzé; !Engineering Sys-

tems Inc., 600 Rockmead, Ste. 116, Houston, TX 77339 USA
Technology and materials developed more than thirty years ago is8:30 AM Introductions and Opening Comments

still in service in the United States and Worldwide. Normal wear and g.40 am

tear added to improvements, construction of new pipelines have al- \gw Techniques for Separation of Non-Ferrous Metals from

tered and in some cases damaged old pipelines, causing failures byyaste Streams Gerrit H. Nijhof; Peter C. Rem Nijhof

fatigue in pipeline systems that would have infinite life otherwise. Consultancy, Heemsteedse Dreef 92, KN Heemstede 2102 The Neth-

This paper contains a review of current theories for life prediction orands:2pelft University of Technology, Mijnbouwstraat 120, RX
under biaxial stresses. The basis for the various available theories willpgift 2638 The Netherlands

be discussed with special emphasis on the strengths and limitations of Separation technologies and upgrading of the non-ferrous metals
the various models and techniques to estimate fatigue properties whenyo; remelting purposes is a continuous subject of research. Progress has
limited information exists. Data from pipeline rupture case studied by peen reported during the previous four session on General recycling of
the author will be used to compare life prediction results. Treatment of o Light Metals Conferences. Two items last years presentation in
notches caused by mechanical damage and its effect under biaxial stresseg,, Diego were further investigated in this year: 1)image analysis of
will also be discussed. The paper will also consider the practical limita- {he material separated by the Eddy Current and 2)Wet Eddy Current
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tion of stress based vs. strain based approaches. sorting. Measurements have been performed on the sorting and moni-
11:00 AM toring of household waste under industrial conditions using image analy-
Cyclic Deformation and Crack Growth in Zirconia Ceramics: sis. The “Wet Eddy Current” technology is further developed. Experi-

M. Matsuzawy E. Fujimagari; S. Horibé; Waseda University, Dept. ments have been performed on the separation of aluminum and
of Matls. Sci. and Eng., 3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169-8555 aluminumoxide from dross. In this presentation the actual situation of
Japan the running research and the results of recent experiments will be

Several years ago, it has been found that anelastic behavior is propresented.
duced in Y-TZP ceramics, i.e., when stress is applied to the specimeng.qg am
abruptly, the strain is not simultaneously produced but gradually formed p|asma Processing of Waste MgO Dust Steven W. White Ramana
time-dependently, and after unloading it takes a time to reach the G. Reddy; Bangiu Wa; University of Alabama, Dept. of Chem. Eng.,
original level. Due to this anelasticity, the curious stress-strain hyster- p 5 pgox 870203, Tuscaloosa, AL 35487 USAniversity of Ala-
esis behavior and unusual crack growth behavior were observed. In thisbama, Dept. of Metallu. and Matls. Eng., P.O. Box 870202, Tuscaloosa,
paper, the change of stress-strain response during cyclic loading andy; 35487 USA
crack growth under monotonic and cyclic loads in Y-TZP in compari- Plasma technology has been around for a long time, but has just
son with those in other kinds of zirconia ceramics were investigated recently been used widely for a number of new processes, including the
and discussed in terms of time-dependent anelastic behavior and stresseaiment of waste materials. Current investigation includes the manu-
induced phase transformation. facturing of magnesium from waste MgO dust using carbon as a reduc-
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ing agent. Plasma energy is ideal for this reaction because of its high11:10 AM

enthalpy and improved energy efficiency over conventional Strong Oxidizing Acid Bath Rejuvenation: James D. Mavis
methods. Experimental results showed that high magnesium metal'Ch2m Hill, P.O. Box 91500, Bellevue, WA 98009 USA
recovery was obtained with a 48 kW power input nitrogen plasma. During manufacture, metals such as titanium, zirconium, and alumi-

Rapid quenching was employed to minimize back reactions. Thermo- num may undergo surface treatment in strong oxidizing acid baths.
dynamic and kinetic models were developed. Good agreement wasBath life may constrained by the etch or milling rate, by the formation

obtained between experimental and theoretical data. Based on thes®f secondary deposits, or by metal surface quality. Recent develop-
results, a process flow sheet was developed. ment work has shown that baths life could be extended using electro-
9:30 AM chemical methods to selectively remove metals that accumulate dur-

Recycling of Thanim and TLGA-4V Tumings Usig Thermony. 1% A1 15, Preliminar evaaton bcates hese pacesses moft be
drogen Processing Javaid |. Qazi; Oleg N. Senkoy Francis H. P y rep 9 hg 9

Froes; Valadimir S. Moxsofy !University of Idaho, Instit. for Matls. baths.
and Adv., 321 Mines Bldg., Moscow, ID 83844-3026 USADMA 11:35 AM
Products Inc., 8180 Boyle Park Way, Twinsburg, OH 44087 USA Reclaiming Salt Flux from Aluminum Salt Slag Wastes Pro-
Commercially pure (CP) titanium and Ti-6Al-4V alloy powders cess Design-Product Performance Richard Russelj Jerry Sweerdy
were produced from their respective turnings. Turnings were initially !Richard M. Russell & Associates, LLC Consulting Eng., 2003 Blair
cleaned, hydrogenated and then milled to produce the powders. Part8lvd., Nashville, TN 37212 USA2Tennessee Aluminum Processors
of CP titanium and Ti-6Al-4V were produced from these powders by a Inc., Mt. Pleasant, TN USA
novel loose sinter approach. The presence of hydrogen in the system The disposal of aluminum slag wastes continues to challenge an
allowed thermohydrogen processing to be performed to produce aotherwise environmentally beneficial and highly desirable industry-
fine-grained structure in sintered parts. The hydrogen was then re-Aluminum Recycling. Slag wastes consists of soluble salts that can be
moved by vacuum annealing. Mechanical properties were studied andreused in the aluminum smelting. Reclaiming salt is a logical first step
compared with the properties of parts made of more expensive pow-in eliminating slag wates. Reclaiming salt flux has been conducted on a
ders. very limited basis in the United States for reasons of economy. Practi-
cal methods for the production of reclaimed flux as well as rising
tipping fees will increase the number of plants which opt to recover
flux salts from slag wastes. The authors share their experiences in the
design, operation and startup of a commercial scale flux reclamation
plant operated by Tennessee Aluminum Processors at Mt. Pleasant
Tennessee. This paper identifies three elements that allow practical
operations: minimizing evaporator heat duty, simplifying evaporator
operations and potassium chloride fortification of the recycled salt.

9:55 AM
Recovery of Metal lons from Process Waste Solutions by Ce-
mentation: Raj P. Singlh !OSRAM Sylvania Inc., Chem. Dev. Dept.,
Rsch. and Dev. Div., Hawes St., Towanda, PA 14848 USA

This paper would review the applications of cementation in the
recovery of metal ions from process waste solutions. Cementation
reactions involve electrochemical precipitation of a noble metal from
solutions of its salts on a more electropositive metal which, in turn,
progressively dissolves. For example, addition of zinc metal powder in 12:00 PM
a solution containing zinc and cobalt ions would allow for the precipi- Recycling Contaminated Aluminum in a Salt-Free Environ-
tation (separation) of cobalt according to the following chemical reac- ment: Donald M. Martoskg :LOI Inc., 333 Tech. Dr., Ste. 109,
tion: Ce* + Zn° = Co& + Zre+. Cementation has been frequently used Canonsburg, PA 15317 USA
for the separation/recovery of trace or small concentrations of impu- Rising energy prices and the worldwide crisis of available natura
rity metal ions from advanced electrolytes (product). The method has resources have made the recycling of aluminum scrap increasing
also been applied for the recovery of precious metals from processattractive, from economical as well as an environmental points o
streams and toxic metals from process wastewater. In addition to theview. Until recently, recycling of wet or “dirty” scrap contaminated by
review of important applications of cementation in hydrometallurgy, oil, grease, paint, or thermal insulation layers (rubber or plastic) hal
the results of our recent work on cementation of cobalt and other posed significant problems and difficulties with material preparation
metal ions from process waste solutions would also be discussed. the environment, energy consumption, metal loss, and dross accum

) lation. Our solution consists of a twin-chambered melting furnace
10:20 AM Break capable of processing up to 18,000 Ibs./hr with a capacity of up t
10:45 AM 150,000 Ibs., in a salt-free environment, using electromagnetic pumg
Gallium Recovery as a By-Product of Bauxites Arthur Pinto ing technology and an automatic charging machine. The results i
Chaves; Alcidio Abrad; Waldemar Avritschey tUniversity of Séo clude low energy & fuel consumption, minimal metal loss, and reduce(
Paulo (Epusp), Escola Politécnica, Av. Prof. Mello Moraes 2373, S&o dross accumulation in the bath. As the name implies, the twin-chambd
Paulo, SP 05508-900 Brazil melting furnace consists of two (2) chambers: an indirectly heate(

There is no one deposit of gallium all over the world. All this metal scrap chamber and a directly heated high-temperature chamber. A
is recovered as a by product from the zinc or mainly from the alu- air-cooled wall separates the two chambers from each other. The md
minium industry. As Brazil is a major aluminium producer, there is ten metal baths of both chambers are interconnected through an op
potential for becoming a gallium producer of international expression. ing located at the bottom of the wall. The scrap chamber is used fo
This paper describes the effort done to develop a process to provideclean and contaminated thin-walled, bulk, sheet, thin-walled scrap, and
high grade gallium from Brazilian Bayer liquors. The basic processes of other scrap of such kind. The chamber heated by means of the main
solvent extraction and ion exchange have been tried. The first one wasburners is suitable for ingots, pigs, and sows, thus allowing furnace
successful but had to be discontinued as the manufacturers of the exeharging from sills located at both ends. An electromagnetic pump
tractant refused to sell it to us. lon exchange resins selective to galliumallows charging of fine turnings with minimal metal loss. This proce-
were also successful but it has also been impossible to buy such aure also allows damp material, or scrap with water inclusions, to be
product. An effort has been done to synthesize resins similar to thosecharged without any risk. This process is based on low-temperature
described in the literature. It has been successful and we consider nowcarbonization and subsequent incineration of the contaminants, mak-
our “home made” product superior to the commercial samples tested.ing it an environmentally compatible solution. The scrap chamber is
The refine of the metal is done via electrolisis. Specific problems of heated, using the energy from the flue gases of the heated chamber.
oxidation and texture of the deposited metal had to be solved. The The heat value of the organic substances is released for use in melting,
gallium market will be described in terms of demand and prices. The thus also offering an effective energy saving over conventional melt-
unit operations will be discussed, as well as the characteristics of Brazil-ing practices.
ian raw materials and the problems associated with these characteris-
tics.

WEDNESDAY AM
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A few applications of high-resolution transmission electron mi-

croscopy to the study of interfaces between dissimilar materials will be

H|gh Resolution Electron Microscopy discussed. These include metal/ceramic, ceramic/ceramic, semiconduc-
. . . . tor/semiconductor and semiconductor/ceramic interfaces. In addition
In Materlals SCIence- Interfaces to interfacial defects such as misfit dislocations, the formation of
Sponsored byStructural Materials Division, Physical different variants during deposition on a substrate, and the resulting
Metallurgy Committee planar defects between these variants will be considered. In particular,

. . . the talk will focus on interfaces that occur during phase transforma-
Program OrganizersDiane E. Albert, Los Alamos National .~ =" " . g pnas :
tions in wide bandgap semiconductors and look in detail at the inter-

Laboratory, MST-6, The Metallurgy Group, Los Alamos, mediate phases that occur during a phase transformation.
NM 87545 USA; Martin Allen Crimp, Michigan State _
. . . . 10:00 AM

_UmverSIty’ De_partment of Materials Science and Mechan- Structure and Morphology of Interfaces in Thin Films of Au on
ics, East Lansing, M1 48824-1226 USA; John E. Smugeresky, Ge Substrates Tamara Radetig Urlich Dahmen; Lawrence Ber-
Sandia National Laboratories, Department 8724, Livermore, keley National Laboratory, Nat. Ctr. for Elect. Micro., Matls. Sci.
CA 94551-0969 USA Div., Bldg. 72, 1 Cyclotron Rd., Berkeley, CA 94720 USA

{110} Au mazed bicrystal films have been grown epitaxially on

{001} Ge substrates by physical vapor deposition. There are only two

WedneSday AM Room_: Canal D . equivalent orientation variants in the film, resulting in a “mazed
March 15, 2000 Location: Opryland Convention Center  picrystal” microstructure made of many grains in only two orienta-

tions, rotated 90 about a common <110> axis. The misorientation
Session ChairMartin A. Crimp, Michigan State University, between grains is fixed, while the inclination (grain boundary plane) is

Dept of Matls. Sci. and Mech.. East Lansing MI 48824-1226 variable. Grain boundaries are perpendicular to the film/substrate in-
' ' ' . ! terface and are therefore are of°Qfure tilt character. These films

USA have been annealed in situ and the effect of annealing on the structure
and morphology of grain boundaries and interfaces with the substrate
8:30 AM Invited has been investigated by conventional and high resolution electron
HREM Characterization of Hetero-Epitaxial Interfaces: David microscopy. The stability of particular grain boundary inclinations
Smith; !Arizona State University, Dept. of Phys. and Astro., Tempe, during grain coarsening has been examined and their atomic structure
AZ 85287 USA has been studied by HREM. It has been observed that during annealing

There is much current interest in structures based on two (or more)interdiffusion at the Au/Ge interface leads to diffusion induced grain
dissimilar materials but there are many problems associated with achiev-boundary migration in the film as well as morphological instabilities at
ing heteroepitaxial growth. In addition to lattice mismatch, which the Au/Ge interface. The evolution of the atomic structure of the Au/
invariably causes strain and possible defect formation, valence mis- Ge interface with annealing has been characterized by HREM. This
match and differences in thermal expansion are factors that can seri-Work is supported by the Director, Office of Energy Research, Office
ously impact the quality of the materials which can be grown. Charac- Of Basic Energy Sciences, Materials Sciences Division of the U.S.
terization of microstructure using HREM, in addition to close interac- Department of Energy under Contract No. DE-ACO3-76SFO0098.
tion with the crystal grower, can play a valuable role in optimizing the 109.30 AM Break
growth process. This talk will concentrate on three systems of consid-
erable scientific and industrial importance: a) heterostructures based10:50 AM Invited
on SiGeC/Si, which offer the intriguing prospect of band-gap engineer- HREM Studies of Interfaces and Boundaries in CVD Diamond
ing in a lattice-matched system; b) CdTe/Si substrates, which could John Hutchisoft Dan Schectman *University of Oxford, Dept. of
allow the monolithic integration of Si electronics with MCT (mercury Matls., Parks Rd., Oxford OX13PH UKTechnion, Dept. of Matls.
cadmium telluride) infrared detectors; and c) alloys of Group lll-ni- ENg., Haifa, Israel
trides, which could totally revolutionize the microelectronics and op- Thin films of diamond grown on Si substrates by CVD techniques
toelectronics industries. have been investigated by high resolution electron microscopy, using a

JEOL 4000EX electron microcsope. Specimens were prepared by re-
9:00 AM ) ) moval of the Si substrate followed by Ar+ ion milling. Most grains in
Interface-Related Phenomena of Deformation and Fracture in the films showed heavy twinning on {111} planes, with additional twin
Two-Phase Titanium Aluminides Fritz Appel; 'GKSS Research gy ctures of increasing complexity. Five-fold twin centres were found
Centre, Instit. for Matls. Rsch., Max-Planck-Strasse, Geesthacht D- iy many grains, and it is shown that these centres give rise to incoher-
21502 Germany ) - ) ) ent, high-order twin boundaries. The core structure of the five-fold

Titanium aluminides with compositions slightly lean in Al are pres-  yin centre is shown to be a planar C5 ring, a stable ring configuration
ently being conIS|de'red for engineering applications. .Phase equilibria o sp3 carbon atoms. The implications of the twin structures on crys-
apd transformation |n_ﬂ_1ese aIons_ lead to th_e formation of a Iamellar tal growth processes will be discussed, and it will be shown that the
microstructure comprising of the intermetallic phases alpha,&{Ti first-order twin boundaries are essential for fast crystal growth, and

and gamma (TiAl). This morphology has received much attention gjye rise to many of the features that are observed on the macroscopic
since nearly all mechanical properties of g-base alloys are improved g5)e.

when the materials contain a significant volume fraction of lamellar
colonies. Several aspects of deformation and fracture might be associ11:20 AM
ated with mismatch structures and coherency stresses of lamellar in-Substitutional Impurity Segregation to the Sigma 5 (310)/[001]
terfaces. In the present study these structural features will be examinedymmetric Tilt Grain Boundary in Fcc Metals: Juergen M.
by detailed transmission electron microscopy observations involving Plitzko;; Geoffrey H. Campbell Wayne E. King, Stephen M. Foiles
in situ heating studies and high resolution imaging techniques. The Lawrence Livermore National Laboratory, Chem. & Matls. Sci. Di-
implications of interface related processes will be discussed with re- rect., Mailstop L-370, P.O. Box 808, Livermore, CA 94550 USA;
spect to strengthening phenomena and the structural stability of lamellar’Sandia National Laboratories, Comp. Matls. Sci. Dept., Mailstop 9161,
materials. P.O. Box 969, Livermore, CA 94550 USA

The Sigma 5 (310)/[001] symmetric tilt grain boundary (STGB) has
9:30 AM o . been investigated in four different fcc metal systems. The metals
A Few Applications of HRTEM to Hetero-Interfaces: Pirouz chosen include pure aluminum, pure copper, aluminum with 1 at.%
Pquuzl; 1Case Western Reserve _Un|verS|ty, Matls. Sci. and Eng., 510 copper, and copper with 1 at.% silver. These model grain boundaries
White Bldg., CWRU, 10900 Euclid Ave., Cleveland, OH 44106-7204 paye been fabricated by ultra-high vacuum diffusion bonding of pre-

USA cisely oriented single crystals. The atomic structure of these STGBs
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has been modeled with atomistic simulations using interatomic poten-
tials based on the Embedded Atom Method and with electronic struc-

ture calculations within the Local Density Approximation. The theo- Honorary Symposium for Professor

retical calculations of the interface structure indicate that the Cu and

Ag atoms segregate to distinct sites at the interface. High resolution Oleg D Sherby: U|trahigh'carb0n

transmission electron microscopy (HREM) and analytical electron Stee|s

microscopy have been used to validate the theoretical models. TheS d bvStruct | Materials Divisi Material
HREM images and analytical measurements were performed using a ponsored by-tructural Materials Livision, Materials

Philips CM300-FEG equipped with an imaging energy filter. The Processing and Manufacturing Division, Structural Materi-
amounts of the segregated species at the grain boundary have beeals Committee, Shaping and Forming Committee

quantif_ied. To determine the atom‘ic [_)ositions_ of th_e segregated atomspProgram OrganizersEric M. Taleff, University of Texas,

a_lt the interface, HREM Qoupled with image S|m_u|at|on and recons'truc- Mechanical Engineering Department, Austin, TX 78712-
tion of through-focal series have been used. Finally, these experimen- . . .
tal results are discussed and compared to the theoretical model. This1063 USA; DF’na'd R. Lesuer, Lawrence Livermore National
work was performed at Lawrence Livermore National Laboratory un- Laboratory, Livermore, CA 94550 USA; Chol K. Syn,

der the auspices of the United States Department of Energy underLawrence Livermore National Laboratory, Manufacturing &

Contract W-7405-Eng-48. Materials Engineering Division, Livermore, CA 94550 USA
11:40 AM

Electronic Effects on Grain Boundary Structure in BCC Met- Wednesday AM Room: Bayou E

als: Geoffrey H. Campbell Wayne E. King James Belak John A. March 15,2000  Location: Opryland Convention Center

Moriarty!; Stephen M. Foile’s Lawrence Livermore National Labo-
ratory, Chem. & Matls. Sci., Mailstop L-356, P.O. Box 808, Livermore, . . . . .
CA 94550 USA:?Sandia National Laboratory, Computat. Matls. Sci., S€SSION ChairEric Taleff, The University of Texas, TX
Mailstop 9161, P.O. Box 969, Livermore, CA 94550 USA Matls. Instit., Austin, TX 78712-1063 USA

The dominant factor in determining the atomic structure of grain
boundaries is the crystal structure of the material, e.g. FCC vs. BCC.
However, for a given crystal structure, the structure of grain bound-
aries can be influenced by electronic effects, i.e. by the element com-
prising the crystal. Understanding and modeling the influence of elec-
tronic structure on defect structures is a key ingredient for successful
atomistic simulations of materials with more complicated crystal struc-
tures than FCC. We have found that grain boundary structure is a
critical test for interatomic potentials. To that end, we have fabricated
the identical Sigma 5 (310)/[001] symmetric tilt grain boundary in
three different BCC metals (Nb, Mo, and Ta) by diffusion bonding
precisely oriented single crystals. The structure of these boundaries

have been determmed_by high resolution transmlssmp electron m!_tion. In addition to monolithic products, UHCS have also been used i
croscopy. The boundaries have been found to have different atomic ) ) - ! .
both ancient and modern times in laminated composites. In the prese

structures. The structures of these boundaries have been modeled with
e ; L ) ) . ; paper, a summary of the modern development of UHCS and UHCSY
atomistic simulations using interatomic potentials incorporating an- - ) S ) .
. . o containing laminates is given, and parallels are drawn with ancie
gularly dependent interactions, such as those developed within Model ) ) ) J
- . PV materials. This work was performed under the auspices of the U.
Generalized Pseudopotential Theory. The differing structures of these . .
. . Department of Energy by Lawrence Livermore National Laboratory
boundaries can be understood in terms of the strength of the angular
. S . . under Contract W-7405-Eng-48.
dependence of the interatomic interaction. This work was performed
under the auspices of the United States Department of Energy and the9:00 AM Invited
Lawrence Livermore National Laboratory under contract number W- A History of the Patenting and Licensing of Ultrahigh-Carbon
7405-Eng-48. Steels Jon C. Sandelih :Stanford University, Office of Tech.
Licen., 900 Welch Rd., Ste. 350, Palo Alto, CA 94304 USA
Only a small number of discoveries made at universities becom
commercially significant and the road to commercial success may tak
many years, or sometimes decades. Ultra High Carbon Steels have
yet reached large scale commercial use, but the licensing history h
some interesting stories and demonstrates the difficulties in introdud
ing new materials into commercial markets. This paper will describg
the patented technologies and review the licensing history of the
inventions of Professor Oleg Sherby and his colleagues. We will ex-
plore the idea of Ultra High Carbon Steels as a disruptive technology,
as the creation of steel minimills is considered to be. We will then look
to the future to consider applications and opportunities for Ultra High
Carbon Steels.

8:30 AM Keynote
The Evolution of Ultrahigh-Carbon Steels-From the Great Pyra-
mids, to Alexander the Great, to Y2K Jeffrey Wadsworth
iILawrence Livermore National Laboratory, Director’'s Off., P.O. Box
808, L-001, Livermore, CA 94550 USA

Hypereutectoid steels containing between about 1 and 2.1 wt%C,
and now known as ultrahigh carbon steels (UHCS), have both a rich
history (dating back to ~300 BC) and an interesting, recent, techno-
logical period of development (from 1975 to the present). The con-
nections between the modern UHCS and their ancient counterparts,
and in particular, Damascus Steels, have received considerable attq

9:20 AM Invited
Superplasticity and Strength of Ultrahigh-Carbon Steels Ex-
truded at Intermediate Temperatures Toshi Oyamg Chol K.
Syr?; Donald R. Lesuér J. Daniel Whittenbergé&rOleg D. Sherby
IWESGO Metals, Belmont, CA 94002 USALawrence Livermore
National Laboratory, L-342, Livermore, CA 94551 USWNASA-
Lewis Research Center, Cleveland, OH 44135 USAanford Univer-
sity, Matls. Sci. and Eng., Stanford, CA 94305 USA

Ultrahigh-carbon steels (UHCSs) are readily extruded at intermedi-
ate temperatures, 650 to 820 into round bars and T-shape sections.
The extruded UHCSs were tested in tension at both ambient and inter-

WEDNESDAY AM



=
m
)
4
m
o
2
>
=

mediate temperatures. At ambient temperature, all extruded UHCSsdelay dynamic recrystallization by pinning the grain boundaries. Large
showed high tensile strength (ultimate tensile strength of more than carbides raise dislocation density in the surrounding region, thus en-
700 MPa) with outstanding elongation (elongation-to-failure of over hancing nucleation of DRX. Fine carbides reduce ductility by slowing
30%). At intermediate temperatures, superplastic behavior was ob-DRV and DRX, whereas large carbides cause stress concentrations and
served in the UHCSs extruded below thet@mperature. The results  cracks. In tool steels, the carbides are stable up to quite high tempera-
are compared with other published data on high-temperaure extrusiontures causing considerable increase in tendency for cracking, strength
of UHCSs (900 to 110Q). and activation energy compared to C steels. In HSLA steels, the fine
9:40 AM microalloy carbonitrides tend to precipitate at the low end of the hot

Thermomechanical Pracessing of Austempered Ductile Iren working range, which raises the strength and the apparent activation

Tara Chandra: *University of Wollongong, Matls. Eng., Wollongong, gnergy while Iqwerlng the ductility. For steels with an augtgnltlc phase
. in which the dissolved carbon enhances DRV and ductility, carbides
NSW 2522 Australia

High temperature deformation of both unalloyed and alloyed duc- considerably raise the strength and decrease ductility on coding to the

- ) S . -. . ferritic phase. Pearlitic steels are stronger and less ductile than those in
tile irons was carried out under uni axial compression at an austenitisation

. . . . the spheroidized condition; however, they show considerable work
temperature of 90 immediately prior to austempering. It was found softening as the pearlite spheroidizes during hot working. By suitable
that in general deformation increased the transformation kinetics dur- 9 P P 9 g9- By

ing austempering. For the alloyed ductile irons with high manganese thermomechanical processing, the high carbon steels can be produced

levels (>0.3%), the deformation resulted in a significant reduction on xllzrllti:tam:rr(c))-lﬁ:plz::(hsétc:ﬂggrela(r:aga:llls oéasrl;i[zjeersplsls;lv\f i(ri]teef(r)rgﬁsastl:)enérlr;_
the volume fraction of the deleterious unstabilised austenite in the g 9 » 1arg y p Y

intercellular regions. The 30% reduction at 80resulted in austenite ta!llzatlon and hef‘c.e grain refl.nement at the hot end. 'In gontrast, fine

. ) . o . . microalloy carbonitrides delay it at the cool end, resulting in pancaked
grain refinement by dynamic recrystallization. The refined grain struc- - . - ) ) " .

. - ; ) S . austenitic grains which yield a fine ferritic grain structure.
ture in turn provided more nucleation sites for the bainitic ferrite
formation and thus accelerating the transformation kinetics during 11:20 AM Round Table Discussion
the austempering process. From Damascus Steels to Ultrahigh-Carbon Steels-What does
L >
10:00 AM Break the past reveal of future applications?
Moderator: George Mayer

10:10 AM Keynote
Fracture Toughness of Ultrahigh-Carbon Steel: Pearlite,
Spheroidite, and Tempered Martensite Alberto Fernandez
Manolo _Cars?l; Oscar Ruang Eric M.‘ Taleff; _OIeg D. Sherby 1The Hume Rothery Award Sympos|um;
University of Texas, TX Matls. Instit., Austin, TX 78712-1063 USA; h f . I .
2Centro Nacional de Investigaciones Matalurgicas, Av. de Gregorio del P ase TranS Ormatlons and EVO Utlon

Amo 8, Madrid 28040 SpaireStanford University, Matls. Sci. and 0 Materials: Session |V

Eng., Stanford, CA 94305-2205 USA . L .
Two ultrahigh-carbon steel (UHCS) alloys have been thermal-me- Sponsored byStrUCtural Materials Division, Electronic,

chanically processed to obtain various microstructures. The first alloy Magnetic & Photonic Materials Division, Alloy Phases
contains 1.3 C, 0.5 Mn, 0.6 Si, and 0.18 Cr in weight percent, and the Committee

second alloy contains 1.5 C, 0.75 Mn, 0.23 Si, 0.09 Cr and 0.31 Mo in Program OrganizersPatrice E.A. Turchi, Lawrence
weight percent. The microstructures developed by processing includel_ivermOre National Laboratory, Materials Science and

fine-grained spheroidite, coarse-grained spheroidite, pearlite of sev- L . . .
eral different interlamellar spacings, and tempered martensite. UniqueTeChnOIogy Division, Livermore, CA 94551 USA; Antonios

thermal-mechanical processing procedures are described for producind30nis, Lawrence Livermore National Laboratory, Livermore,
several of these microstructures in each alloy from the same fine- CA 94551-0808 USA
grained spheroidized material of the respective alloy. The fracture

toughnesses of both UHCS alloys with each microstructure have bee”\Nednesday AM Room: Johnson A/B

experimentally determined using chevron-notch samples. The effects Lo .
of microstructure and alloy content on fracture toughness are pre- March 15, 2000 Location: Opryland Convention Center

sented and discussed in light of more general trends in the behavior of
UHCS materials. Session ChairsKazuhiro Otsuka, University of Tsukuba,

10:40 AM Invited Instit. of Matls. Sci., Tsukuba, Ibaraki 305-8573 Japan;,

Microstructural Effects on the Cleavage Fracture Stress of Alphonse Finel, ONERA/CNRS, LEM, BP72 Chatillon,
Pearlitic Steels John J. Lewandowski 'Case Western Reserve  Cedex, France

University, Dept. of Matls. Sci. and Eng., 10900 Euclid Ave., Univ.
Circle, Cleveland, OH 44016 USA -

This presentation will provide a review of the microstructural fea- 8:30 AM Invited o n

tures which affect the cleavage fracture stress in fully pearlitic steels. Mechanical Stability and the Limits of Strength: John William
Data has been obtained over a wide range of test temperatures on ¥0rris®; Chris R. Krenfy David Roundy; Marvin L. Cohefi *Univer-
variety of steels where the pearlite interlamellar spacing, prior auste- Sity of California-Berkeley, Dept. of Matls. Sci., 555 Evans Hall,

nite grain size, and pearlite lamallae thickness have been varied. TheBerkeley, CA 94720 USAiUniversity of California, Dept. of Phys.,

effects of such changes on the magnitude of the cleavage fractureBerkeley, CA 94720 USA )
stress will be reviewed. The upper limit of strength (the “theoretical strength”) has been an

active subject of research and speculation for the better part of a
11:00 AM century. The subject has recently become important, for two reasons.
Influence of Carbides on the Hot Working of Steel Hugh J. First, given recent advances in ab initio techniques and computing
McQueer; C. A.C. Imbert; *Concordia University, Mech. Eng. H  machines, the limits of strength can be calculated with considerable
54934, 1455 de Maisonneuvre Blvd. W., Montreal, Quebec H3G1M8 accuracy, making this one of the very few problems in mechanical
CanadapUniversity of the West Indies, Mech. Eng., St. Augustine, pehavior that can actually be solved. Second, given recent advances in
Trinidad materials engineering, the limits of strength are being approached in
Carbides have a strong influence on the hot working behaviour of some systems, such as hardened or defect-free films, and their rel-
steels depending on their size, distribution, solubility, hardness and thegyance is becoming recognized in others, including hard coatings,
matrix, either austenite or ferrite. Fine carbides pin dislocations slow- carbonitrides and diamond-cubic crystals. An elastically strained solid
ing dynamic recover (DRV) and despite the higher dislocation density is always at least metastable. Given a kinetically plausible pathway, it
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will spontaneously transform into a sheared or broken replica of itself 10:30 AM Break
or into a new phase entirely. In that sense, plastic deformation is a
structural phase transformation whose onset is governed by the usua
criteria. It can be nucleated (and ordinarily is) but, failing that, must
commence at the limit of stability of the elastic state. This thermody-
namic instability sets the upper limit of strength. The present paper
defines the limits of elastic stability (which are surprisingly subtle),
shows how those limits reflect the symmetry of the strained lattice,
reviews ab initio computations for a number of metals and compounds,
and discusses the experimental situations in which they are known or
expected to be important.

0:45 AM Invited
remartensitic Phenomena in Ti-Ni-Based Alloys Seen through

Elastic Constants Kazuhiro Otsukg Xiaobing Ren; !University of
Tsukuba, Instit. of Matls. Sci., Tennodai 1-1-1, Tsukuba, Ibaraki 305-
8573 Japan

Premartensitic phenomena in b-phase alloys attracted considerable
attention in recent years. In these studies attention was paid to the
softening of elastic constant cO, which represents the resistance to
{110}<110> shear. In the present paper we will report a result of
systematic elastic constants measurement of various Ti-Ni based al-
9:00 AM Invited loys, which exhibit three types of martensitic transformations, de-
Magnetic Ordering: Some Structural Aspects David E. pending upon composition and heat-treatment. i.e. B2-B190, B2-
Laughlint; Matthew A. Willard; Michael E. McHenry;, 1Carnegie B19-B190 and B2-R phase-B190. In all cases, both cO and c44 exhib-
Mellon University, Matls. Sci. and Eng., 5000 Forbes Ave., Pittsburgh, ited softening with decreasing temperature toward the transformation
PA 15213-3890 USA temperatures, where c44 represents the resistance to {001}<100>

An overview of some structural aspects of magnetic ordering will be shear. However, the temperature dependence of the anisotropy factor
presented. Magnetic symmetry operations, point groups, and BravaisA=c44/cO behaved differently depending upon the types of the trans-
lattices will be utilized to describe the magnetic symmetry of various formations. At the conference we will show the importance of not
magnetic materials. Some less common types of magnetism will be only cO but also c44, and the correlation between the elastic softening
introduced and various phase transitions between them will be de-and the subsequent martensitic transformations.
scribed. Throughout the talk, the utilization of the theory of magnetic
symmetry will be emphasized. The authors acknowledge the financial
support of the Air Force Office of Scientific Research, Air Force
Materiel Command, USAF, under Grant No. F49620-96-1-0454.

11:15 AM Invited

Martensitic Transformation under Stress in Ferrous Alloys
Elisabeth Marie Gautier 1Ecole des Mines de Nancy, LSG2M UMR
CNRS 7584, Parc de Saurupt, Nancy, Cedex 54042 France

9:30 AM Invited When martensitic transformation occurs under external stresses, a
Thermodynamics of Open Two-Phase Systems with Coherent  transformation induced plasticity is observed, as a modification of the
Interfaces: Ricardo B. Schwakz Armen G. Khachaturya&n Los kinetics of the transformation and of the morphology of the plates.

Alamos National Laboratory, MST-8, Mail Stop G755, Los Alamos, These modifications, which have to be analysed simultaneously, are
NM 87545 USA;2Rutgers University, Dept. Mech. and Matl. Sci., dependent on the level of the applied stress. We consider the behaviour
Piscataway, NJ 08855-0909 USA for stresses ranging from low external stresses up to stresses larger
We develop a theory for the decomposition of a solid containing than the yield stress of the parent austenite. Such a stress range is
interstitial atoms into two coherent phases of different interstitial interesting to consider because stresses generated by the transforma-
concentration. It is shown that the coherency strain changes the con-ion itself have a large contribution to the observed phenomena and
ventional thermodynamics of the phase transformation by producing cannot be disregarded. Experimental measurements of transformation
a macroscopic energy barrier between the transforming phases. Thigplasticity deformation in Fe-Ni-C alloys have shown that the two
barrier locks the system in metastable states that cannot be surmountethajor mechanisms responsible for transformation plasticity i.e. ori
by thermal fluctuations. As a result, the system looses ergodicity, entation of the martensitic plates, anisotropic plastic accommodatio
which is a fundamental requirement of Gibbs thermodynamics. Fur- of the transformation strain in the stress direction are occurring in th
ther, two-phase coexistance is no longer possible. The cases where thease of ferrous alloys. The contribution of each mechanism is depe
solid is in equilibrium with finite and infinite reservoirs of interstitial  dent on the level of the applied stress, the transformation progress a
atoms are considered. The theory is applied to the decomposition ofthe mechanical properties of the parent austenite. When transform
metal/hydrogen systems and explains quantitatively the ubiquitous tion plasticity deformation increases, a simultaneous change in th
hysteresis in the pressure ‘plateaux’ of the pressure-composition iso-plate morphology is observed. The width of the plate is increased
therms. The proposed theory predicts the temperature dependence oindicating that a further growth of the thin plate is allowed under
the hysteresis and allows one to calculate the critical pressure andstress. Based on theoretical analysis this increase can be linked to f
temperature where the hysteresis disappears (where the differenceoccurrence of a change in the stress relaxation process, i.e. the occ
between the hydrogenation and dehydration ‘plateau’ pressures van-rence of plastic deformation in the parent phase. In order to furthg
ishes). Work supported by the U.S. Department of Energy, Office of analyse the effect of the stress, a simple micromechanical model h3
Basic Energy Sciences. been established using finite element modelling. The respective role ¢
the applied stresses and the internal stresses has been analysed co
ering elastic and elastoplastic behaviour of the phases. It is shown th
the plate arrangement is modified from self accommodating (for ng
Cambridge CB2 3EQ UK gnd low applied stresses) tg a. single orientation Wher\ the applied stre
. . . . . increases, and at the beginning of the transformation. The stress re-

The experimentally observed time evolution of ferroelastic micro- . . ) .
laxation by plastic deformation leads to a larger efficiency of the

structures in framework structures is compared with results of large ) : - L
. . . - applied stress for the plate orientation, giving thus a greater transfor-
scale computer simulations. Quenching a sample through a ferroelastic

" . ) ; " . _‘mation plasticity deformation. This analysis is then able to explain
transition point leads in continuous phase transitions to a characteris- : P .
) . . the transformation kinetics observed when the transformation occurs
tic succession of tweed, tartan, needle, comb, and stripe patterns. The

- ; ; - . _under stress.

computer simulations are based on a hybride method with atomic
ordering treated by Monte Carlo and structural relaxations by molecu- 11:45 AM Invited
lar dynamics methods. The elastic, long-ranging correlations domi- Potency of Heterogeneous Martensitic Nucleation Sites Gre-
nate the microstructural evolution in the vast majority of chemical gory B. Olsoi; Andrew C. E. Reld *Northwestern University, Matls.
systems which will be discussed. A notable exception is the hexagonal-Sci. and Eng., 2225 N. Campus Dr., Evanston, IL 60208-3108 USA
monoclinic transition in cordierite. Topological twin-type structures The nonlinear, nonlocal continuum elastic fields of various disloca-
are found in addition to traditional twin walls while the later obey the tion structures are studied in the context of Martensitic nucleation.
elastic compatibility rule, the former do not. Instead they minimize The nonlinearity of the model system results from the imposition of
the local structural relaxation energy. Their appearance leads to ana multiple-minimum, Landau-Ginzburg type potential energy, while
enhancement of thermal fluctuations and a novel type of wall wetting the dislocations are modeled by the imposition of a topological con-
in the low symmetry phase. straint on the nonlinear elastic continuum, which fixes the Burger’s

10:00 AM Invited
Time Evolution of Microstructures in Ferroelastics. Ekhard K.
H. Saljg; University of Cambridge, Dept. of Earth Sci., Downing St.,

WEDNESDAY AM
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vector content of the system. The different dislocation structures The Laser Engineered Net Shaping (LEN$rocess has been used
have differing potencies for nucleation of the Martensitic phase, char- to fabricate solid freeform samples of a variety of metals. The smaller
acterized by the driving force at which the embryo becomes unstablegrain size resulting from the LENS processing has produced yield
with respect to growth. The dislocation and embryo structures are strengths of 56-70 KSI (385-480 MPa) in 316 SS. This represents a
explored for small 2D and quasi-3D systems in the low-potency limit two-fold increase over the properties of conventional, annealed 316
corresponding to small embryo size. with no loss in ductility. Recent experiments on 304L SS have also
produced an increased yield strength; but, to a lesser degree than in 316
SS. The LENS processed 304L had a yield strength of 45-50 KSI
(310-345 MPa) when tested perpendicular to the build layers, and ~65

International Symp()Sium on Global KSI (450 MPa) when tested parallel to the build layers. The micro-
. . . . structural features of the LENS304L material, including grain size,
Innovations In Mate”als PrOCeSSlng second phase particles and dislocation densities, will be related to that

and Manufacturing: Structure_Property of the LENS] processed 316 SS and to the mechanical properties.
Work supported by the U. S. Department of Energy under contract

Evaluations in Solid Free Form DE-AC04-94AL85000.

Fabrication 9:10 AM

Sponsored byMaterials Processing and Manufacturing Microstructure and Properties of Laser Deposited and Wrought
Division Alloy K-500 (UNS NO05500) Patrick W. Hochanadé] Robert D.

Field; Gary K. Lewis; Joe C. FonseéaPatrick G. Dickersoh 1Los

PrOgram, Orgam_zerspawd L. Bourell, Uan?I‘SIty of Texas, Alamos National Laboratory, MST-6: Metallu., P.O. Box 1663, MS
Mechanical Engineering Department, Austin, TX 78712- G770, Los Alamos, NM 87545 USA

1063 USA,; Iver Anderson, lowa State University, Ames Alloy K-500 (UNS NO05500) is a corrosion-resistant nickel-copper
Laboratory, Ames, IA 50011-3020 USA; James W. Sears, alloy that contains aluminum and titanium to fognage hardening
Lockheed Martin, KAPL Inc., D2, 114, Schenectedy, NY precipitates of ordered NAITi). It is used primarily in the chemical

. . . _process, marine, and oil/gas industries as tubing, fasteners, pump shafts
12301 USA; John E. SmuQereSky’ Sandia National Laborato and impellers, etc. The laser deposition process known as Directed

ries, Department 8724, Livermore, CA 94551-0969 USA; Dan Light Fabrication (DLF) was used to produce fully dense specimens of
J. Thoma, Los Alamos National Laboratory, Materials Alloy K-500 for metallographic inspection and mechanical property
Science and Technology, Los Alamos, NM 87545-0001 USA; analysis, and the wrought counterpart of Alloy K-500 was obtained. A
Srinath Viswanathan, Oak Ridge National Laboratory, Oak series of heat treatments was performed on all specimens, and me-
Ridge TN 37831-6083 USA: Rob Wagoner The Ohio State chanical properties were recorded as a function of aging time and aging

. . . ) . temperature. In addition, the microstructures were analyzed at various
University, Department of Materials Science and Engineer- aging times and temperatures. A direct comparison of the mechanical

ing, Columbus, OH 43210 USA properties between the laser material and the wrought product demon-
strated that similar properties could be obtained. The kinetics of aging
Wednesday AM Room: Canal E both the wrought and laser deposited Alloy K-500 were investigated by

utilizing the mechanical properties data, since determination of/the
precipitate size proved to be difficult at early times in aging (i.e.,
before coarsening). The methodology to study the kinetics of aging
Session ChairSrinath Viswanathan, Oak Ridge National was similar to the Johnson-Mehl-Avrami-Kolmogorov (JMAK) kinet-
Laboratory, Oak Ridge, TN 37831-6083 USA ics approach, and from the results of this analysis, the mechanisms of
aging in both wrought and laser deposited Alloy K-500 at early aging
times are presented and discussed.

March 15,2000  Location: Opryland Convention Center

8:30 AM

Microstructure-Property Evaluations in Fe-25Ni Samples Pro- 9:30 AM

duced with Directed Light Fabrication: Dan J. Thomg Guleid N. In-Situ Alloying Using Freeform Laser Processing Ralph E.
Husser; Michael L. Steinzig Bryan R. Lally; Joe C. Fonse¢aFrank Napolitang; John E. Smugereskylver E. Andersofi David M.

H. Harlow!; Los Alamos National Laboratory, Los Alamos, NM 87545 Keichef; tlowa State University, Ames Lab. Usdoe, Metallu. and Cer.,
USA 104 Wilhelm Hall, Ames, IA 50011 USASandia National Laborato-

Many freeform fabrication efforts rely on the near-net shape pro- fies;*Optomec, R & D, 2701-D Pan American Freeway, Albuquerque,
duction of parts with structural reliability throughout the component. NM 87107 USA
As a result, significant effort is required to define and control the The flexibility with regard to local alloy composition offered by the
microstructural development during processing. To gain a better un- freeform laser cladding process make this technique potentially viable
derstanding of direct laser fabrication techniques, the solidification for the production of net shape parts with spatially distributed micro-
behavior and resulting tensile properties have been studied in test bar$tructural properties. Such microstructural control requires in-situ al-
of a model system, Fe-25Ni. By coupling systematic variations in loying through simultaneous laser-melting and deposition of multiple
process parameters with solidification modeling, microstructural in- Pure-metal powders. In the current study, binary and ternary alloys of
vestigations, and quasi-static mechanical testing, significant enhance-Cu, Ni, Sn, and Al are produced using this technique. The coupled
ments in the as-solidified properties are possible. For example, by effects of alloy composition and laser velocity are investigated, and
doubling the laser traverse speed, the primary dendrite arm spacinggProcess limits for producing structurally and chemically inhomoge-
decrease over 15%. Within these limits, the ultimate tensile strength N€ous components are determined. The primary microstructural fea-
increases 100 MPa (to 850 MPa) with a factor of two increase in tures of interest include solidification structures, local composition

ductility (to 6%). With cooling rates being on the order of K@s, the distributions, and defects. Research avenues for continued advance-
current investigation supports optimized properties with microstruc- ment are suggested. This work is supported by USDOE Basic Energy
tural refinement. Sciences under contract number W-7405-Eng-82.

8:50 AM 9:50 AM

Microstructure and Properties of LENSO Processed 304| Stain- Multi-Stream Casting of Ultra High Strength Sub-Millimeter

less Steel J. A. Phillibet; J. E. Smugeresky B. P. Somerday S. Diameter Wire: Ayodele Oladimeji Olofinjaria Hywel A. Daviesg;

Robinson; M. Griffithz :Sandia National Laboratory, Livermore, CA ~ James H. Kery 'Queensland University of Technology, Schl. of Mech.
94551 USA:2Sandia National Laboratory, Albuquerque, NM 87185 Manu. and Med. Eng., Gardens Point 4001, Brisbane, Austfalis;
USA
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versity of Sheffield, Dept. of Eng. Matls., Mappin St., Sheffield S13JD 11:00 AM
UK Measurement of the Bauschinger Effect in Metal SheetsLumin

The direct casting of wire of sub-millimetre dimensions have been Geng; Vijay Balakrishnaf Robert H. Wagonéy 1Ohio State Univer-
developed and are now well established using specialised water bathsity, Dept. of Matls. Sci. and Eng., 2041 College Rd., Columbus, OH
melt spinning process. A number of compositions with exciting engi- 43210-1179 USA
neering properties such as ultra high strength and unique magnetic  Direct measurement of the Bauschinger Effect for sheet metals in
behaviour have been produced. Despite these interesting propertieghe sheet plane is difficult because buckling occurs in compression. For
and the expected savings in cost and energy for production, the wirethis reason, indirect tests, such as bending or in-plane shear have been
casting process has not progressed to commercial scale. The mairused. A uniaxial tension-compression device was designed and con-
impediment for commercialisation believed to be related to the slow structed to stabilize in-plane compression, and used with correction
rate of wire casting, which is restricted to approximately 10m/s by the procedures to measure hardening laws following abrupt reversals. In
need to optimise the process parameters. Here, we are reporting therder to verify materials models generated from the test, the harden-
experimental work to explore the attempts that we have made ating laws were implemented into ABAQUS, a finite element code, and
increasing the wire cast rate using Fe-Si-B alloy We report our work on the reverse bend test was simulated. Comparison with reverse bend test
nozzle designs to accommodate multi-streaming as oppose to singleresults shows that isotropic hardening models fit poorly near the re-
stream as is the current practise. Additionally, the effects of tempera- versal, while two anisotropic hardening model reproduce the data well.
ture control, on the quality and properties of the wire was investigated. The strain range obtainable in the bend experiment is small, +/- 2%.
It is shown that cast rates could be increased many folds through multiWithin the scatter of the experiments, the reverse bend test and ten-
streaming. The optimised process parameters for nozzle design up to Sion/compression tests are identical. However, interpretation of the
streams will be presented. Melt temperature probing during the castingbend test results to obtain corresponding uniaxial stress-strain curves is
suggest that to retain amorphous structure, melt superheat should bembiguous.
kept below 100K and it was found that excessive superheat was detri-
mental to the quality of final wire product.

10:10 AM Break

International Symposium on Iridium:
10:20 AM

The Effect of Cyclic Pressure on the Density Distribution in Pl’OCGSSing, Reﬁning; and ChemiStl’y

Metal Matrix Composite Compacts Yuehong Fy Guangbin Jiarg Sponsored byStructural Materials Division, Refractory
Glenn S. Daehin John J. Lannutfi Robert H. Wagonér !Ohio State Metals Committee

zgx%rsgé’AMatls' Sci. and Eng., 2041 College Rd., Columbus, OH Program OrganizersEvan K. Ohriner, Oak Ridge National

One way that rapid free-form fabrication techniques might be used Laboratory, Oak Ridge, TN 37831-6083 USA; H. Harada,
to develop net-shape structural parts is through fabricating die shapesNational Research Institute for Metals, Tsukuba, Ibaraki 305
that could then be used in the fabrication of monolithic or composite Japan; R. D. Lanam, Engelhard-CLAL, Careret, NJ 07008
powders into compacts that then could be sintered to optimize strength.USA; Peter Panfilov, Ural State University, Ekatrinburg
Low compacted density and density gradients lead to component62001 Russia
shrinkage and distortion on sintering. Compaction under cyclic load
has been shown to produce superplastic-like effects in the consolida-
tion of mixed metal and ceramic powders. Green compacts with in- Wednesday AM Room: Jackson A/B
creased green density and mechanical properties can be fabricatedviarch 15, 2000 Location: Opryland Convention Center
using pressure cycling. Some limited prior studies also suggest the den-

sity gradients can also be reduced. In this study, mixed powders of . . .
Aluminum and Alumina were consolidated under static and cyclic pres- Session ChairsDavid F. Lupton, W.C. Heraeus GmbH &

sure at room temperature. Composite compacts of varied aspect ratido0- KG, Heraeusstrasse 12-14, Hanau D-63450 Germany;
and shape were investigated to find the effect of cyclic pressure on theAlexander V. Yermakov, Ekaterinburg Non-Ferrous Metals
density distribution. X-ray Computed Tomography was used to evalu- Processing Plant, Rsch. Ctr., Ekaterinburg 620014 Russia
ate the density gradient after compaction. It was found that the uni-
formity of density distribution inside composite compacts was greatly

enhanced under pressure cycling, especially for those with high aspec

8:30 AM
Fundamentals of Iridium Plastical Treatment Technology A. V.
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ratio. Ermakov; A. V. Sedavnykk N. |I. Timofeev; V. A. Dmitriev?;
10:40 AM iEkaterinburg Non-Ferrous Metals Processing Plant, Lenin Ave. 8
Experience with Axisymetric Simulation Using Sheet-S Rob- Ekaterinburg 620014 Russia

ert J. Comstock Kaiping Lz Robert H. Wagonér *Armco Inc., Tech. Thanks to their unique properties, iridium and iridium-alloy prod-
Svcs., 705 Curtis St., Middletown, OH 45044-3999 U&&mco Inc., ucts are finding an ever increasing use in modern technology. Th
Dept. of Matls. Sci. & Eng., 2041 College Rd., Columbus, OH 43210- range of iridium products is continuously extended. The mass of iri-
1179 USA dium products varies between ten kilograms or more for crucibles and

A collaborative research program is underway to understand andjess than 0.01 grams for disks and samples. Iridium articles are pro-
improve the forming of high-chromium ferritic stainless steel sheet gyced mainly by the method of plastic deformation. However, it is at
for automotive exhaust systems. In order to improve current practice, this stage that processing engineers encountered considerable difficul-
verification of simulation techniques and accuracy was required. Con- ties associated with the mechanism of brittle fracture of iridium, which
stitutive equations were measured for three alloys: Type 409, Type js anomalous for ECC metals.

304, and ArmcoTM 18CrCh. Friction coefficients for these alloys
with two lubricants were measured using the drawbead simulator (DBS) 8:50 AM ) o
test. Axisymmetric simulations of standard forming tests, especially El€ctroforming of Near-Net Shapes in Iridium: - A. Shchetkovskiy

the Olsen Cup Test, were carried out using SHEET-S, a two-dimen- A+ Etenkd; V. Sikint; *Engelhard-CLAL, 700 Blair Rd., Carteret, NJ

sional finite element program. Experiments were performed to assess?7008 USA ) o ) ) o
Electroforming of iridium is a highly specialized process for manu-

the accuracy of the simulations. The comparisons show good agree- : > ns ouE
ment in both strain distributions and predicted punch-height-to-fail- facturing near-net shapes of iridium, iridium alloys or iridium compos-
ure; the latter based on use of a simple failure criterion. ites. The advantages of the process include seamless construction,

efficient metal use, and purification of the iridium. Wall thickness can
vary from a hundred microns up to several millimeters. The technol-
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ogy makes it possible to consider the uses of iridium for new products,
previously, not considered because of technological or financial rea-

10:40 AM
Fluorination of Iridium Metal and Its Application Possibilities

sons. Various examples of products and product applications will be in the Synthesis, Analysis and Recovery Technology for Sec-

discussed.

9:10 AM

Welding and Weldability of Thorium-Doped Iridium Alloys: S.

A. David; Evan K. Ohrinel, J. F. King; 'Oak Ridge National Labora-

tory, Mets. and Cer. Div., P.O. Box 2008, Oak Ridge, TN 37831 USA
Ir-0.3% W alloys doped with thorium are currently used as post-

impact containment material for radioactive fuel in thermoelectric

generators that provide stable electrical power for a variety of outer
planetary missions. Welding and weldability of a series of alloys was .
investigated using arc and laser welding processes. Some of these alloy

are prone to severe hot-cracking during welding. Weldability of these
alloys was characterized using Sigmajig weldability test. Hot-cracking

is influenced to a great extent by the fusion zone microstructure and
composition. Thorium content and welding atmosphere were found to

be very critical. The weld cracking behavior in these alloys can be
controlled by modifying the fusion zone microstructure. Fusion zone

microstructure was found to be controlled by welding process, process
parameters, and the weld pool shape. The paper will discuss in detail

the inter-relationship between the process-microstructure and
weldability of iridium alloys.

9:30 AM
Iridium Refining : J. D. Ragaini; Engelhard-CLAL, 700 Blair Rd.,
Carteret, NJ 07008 USA

The superior corrosion resistance and high temperature perfor-

mance of iridium make it the material of choice for the severe condi-

tions of many industrial processes despite the cost of the metal. Refin-

ers of precious metals strive to satisfy these commercial demands b
treating primary ores and recycled scrap to produce purified iridium of
acceptable quality. The treatments can be fairly straightforward or

quite complex, depending on the nature of the material fed into the

refinery. Some of these processes are described.

9:50 AM
Recovery and High Refinement of Iridiumt N. I. Timofeev; A. V.
Yermakoy;, V. |. BogdanoV¥; G. F. Kuzmenkg L. D. Gorbatova

ondary Raw Materials: V. N. Mitkirt; nstitute of Inorganic Chem.
SB RAS, 3, Lavrentjeva Ave., Novosibirsk 630090 Russia

The basic regularity in oxidizing fluorination of iridium and its
mixes with alkali metal fluorides by various gaseous, liquid or molten
reactants-§ CIF;, BrF; and KBrF has been studied. It is proved that
gas-phase processing at 270-350r the treatment by molten KByF
at 350-450C always results in formation of Ir(V) hexafluorocom-
plexes-MIrF. It has been also determined that the most convenient
fluoroxidant in its common sense for transfer of the compact metal
|snto the oxidised state is a liquid BfFThe product of Ir interaction
with BrF; is hexafluoroiridate(V) of difluorobromonuim (I1)-
[BrF,J*[IrFg]-. The features of Ir dissolution kinetics in a liquid bromine
trifluoride at 25-68C are determined by presence in oxidant of addi-
tives of bromium and also availability of the ionogenic forms. Thus,
the Lewis acids accelerate the dissolution of iridium whereas the do-
nors of fluoride-ion decelerate the process. The bromium also slows
the process at 25-38. Apparent activation energies of the processes
are 18.9 at 25-3& and 14.1 kcal/mol at 38-86. The specific rate of
Ir dissolution in pure Brfis 6.2 x 10 g-atom/cg min. The processes
of iridium oxidizing fluorination were evaluated for analytical pur-
poses. It is proved that the application of bromine trifluoride or potas-
sium tetrafluorobromate can be a unified method of chemical sample
preparation. The methods of oxidising fluorination of secondary iri-
dium raw materials permit 98-99% metal recovery and are suitable to
practical use.

11:00 AM
Synthesis and Physical-Chemical Investigation of Iridium (lIl-

yV) Fluorocomplexes V. G. Isakovg L. M. Levchenké; V. N. MitkinZ;

lnstitute of Inorganic Chemistry, Shras, 3 Lavrentjeva Ave.,
Novosibirsk 630090 Russia

The processes of iridium metal and iridium (V) hexachlorocomplexes
oxidation by a gaseous,fand CIE (p = 1 atm) are studied with an
application of the specially designed variants of thermography and
thermogravimetry. There are determined an optimal conditions of
hexafluoroiridate (VI and V) synthesis. Novel less-known

1Ekaterinburg Non-Ferrous Metals Processing Plant, The Head of Rsch.hexafluorocomplexes of Ir(lll)-MrFs (K, Rb, Cs) have been synthe-

Ctr., Lenin Ave. 8, Ekaterinburg 620014 Russia
The new universal technology for extraction of iridium from pri-

sized under hetero-phase reduction from appropriate complefes,M
All iridium fluorides are characterized by the potentiometry, IR-spec-

mary concentrates and refining secondary iridium has been elaboratedtroscopy, X-ray diffraction and elemental analysis. The methods NMR
Hydrometallurgical means allow increasing contents of iridium in “poor? 1°F and spectrophotometry have been applied to the study of the
concentrates up to 98%. After that primary and secondary iridium are transformations of the ions [IgFF and [Irk]3 in solutions under «Ox-
directed to the pyrometallurgical processing included itself oxidation Red» and ligand-exchange processes. It has been established that in
melting of scrap in periclase magnesia crucible and electron-beammore labile [IrE]3- ions as contrasted to [% ions there are always
melting. The final stage of refining is growing massive single crystals taken place the aquatation process with the formation of mixed-ligand
by means of electron-beam zone melting. Resulted metal with purity complexes [Irf (H,0).]"2 instead the iridium (l) fluorochloro-com-
of 99.95% is high pure plastic iridium, which could be processed with- plexes. The novel iridium (lll) crystalline complex [Ir{6;]F,-3HF
out considerable troubles. has been separated in a solid state for the first time. These results have
10:10 AM Break bqen applied tq pre_parative chgmistry and_to the de_velc_)pment of
original direct high-yield synthesis of the various coordination com-
10:20 AM pounds of iridium using hexafluoroiridate (Il and 1V) starting materi-
The Monitoring of the Speciation of Iridium in the Separation als.
of Iridium from Rhodium : M. J. Nicok;, *Murdoch University, AJ
Parker CRC, South St., Murdoch, Western Australia 6150 Australia
The separation of iridium from rhodium in chloride solutions during

Cult steps and is generally caried out uaing either saivent extvacton or IkIM's V- G- Isakova: “nsitute of Inorganic Chemistry, Sbras, 3
P 9 Y 9 Lavrentjeva Ave., Novosibirsk 630090 Russia

ion exchange. In both cases, the separation process makes use of the There are investigated the thermal behaviour of the volatile beta-
fact that th_e hexachloroiridium (IV) ion is less strongly hydrated a_nd diketonates of Ir(lll) I(R'COCHCOR?) (1) and I (CHCOCHalCO-
more polarizable than the hexa- or penta-chlororhodium (lll) species. " oy o R
; L : o . CH,); (CH;COCHCOCHn ), where «n» = 0,1,4al = Cl, Br, ; R * =
This results in either selective extraction into solvating solvents or CHS,CR: R “ = CH:, CR, C (CH)? in an inert and oxidative or reductive
selective adsorption onto anion exchange resins of the iridium. It is aS(’eous’ almos hére il'he thermal decomposition processes of (1) and
obvious that control of the speciation is crucial in ensuring efficient ?2) have been Studiea by means of Hun a?rian thefmoanal ser O-1000
separation. This paper will describe the use of relatively simple macro- in an atmosphere of HeyH2 and 02 T?}e resulting and i?/ltermediate
and micro-electrode cyclic voltammetric techniques for the rapid iden- . P ; . ’ ) g .
tification of the iridium species present in solutions obtained during solid products yielded qfter thermal «O>‘<-Red»-transformanons at the
various stages of the conditioning process prior to separation by ion controlled gaseous media (at atmospheric pressure) and at the selected
exchange temperatures have been studied by physical-chemical methods. It has
ge. been established that the series of compounds (1) represent a higher
thermal stability in hydrogen atmosphere than for thermal decompo-

11:20 AM
The Thermoanalytical Study of Ir(lll)-Beta-Diketonate's
Behaviour in Inert, Oxygen and Hydrogen Atmospheres V. N.
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sition in He. At the same time the temperatures of transformations in
oxygen atmosphere are essentially reduced for this series of com-

pounds. The comparative analysis of the volatility and thermal stabil- |_|qu|d Metal Atomization: Fundamen-
ity of (1) and (2) has been conducted. It has been proved, that (2)-an

iridium (ll) halogenated acetylacetonates have increased volatility as taIS and PraCtlce: Gas Atomlzathn
compared to appropriate acetylacetonates of iridium (ll1). It has been Sponsored byMaterials Processing and Manufacturing
proved that acetylacetonates of Ir (lll)-Ir(R’*COCHCOR")3 are ther- Djyision. Powder Metallurgy Committee

mally decomposed with the selection of metal, but the halogenated -5 3y OrganizersKhershed P. Cooper, Naval Research
acetylacetonates (2) decomposed with the formation of binary iridium

halogenides. Laboratory, Materials Science and Technology Division,
11:40 AM Washington, DC 20375-5343 USA; Frank Biancaniello, NIST,
Iridium Oxide-Excellent Electrode Material to Industrial Elec- Gaithersburg, MD 20899-8556 USA; Stephen D. Ridder,

trolysis: T. Shimamurle Furuyametals Company Limited, MSB-21,  NIST, Gaithersburg, MD 20899-8556 USA
Minamiohtsuka Bldg., 37-52, Toshima, Tokyo 170-0005 Japan

Since the great invention of Dr. Beer, in 1965, ruthenium and iri- Wednesday AM Room: Bayou B
dium became popular in the electrochemical field as DSA, where they \1arch 15 2000 Location: Opryland Convention Center
are used as oxide coating on titanium. The first commercial applica-
tion of it was to the mercury process chlor-alkali electrolysis, where ) ) . . .
ruthenium oxide was used with titanium oxide. According to the pro- S€ssion ChairsStephen D. Ridder, National Institutes of
cess conversion to membrane system, higher durability and reactionStandards & Technology, Gaithersburg, MD 20899-8556
selectivity became required to DSA, where a combination of ruthenium JSA: Stephen J. Mashl, Bodycote IMT, Andover, MA
and iridium oxides was applied. More than 10 years of life and low O1/ 01810 USA
C12 was attained with lower power consumption of 2,000 kWh/ton-
NaOH. With further conversion to the membrane process world iri-
dium demand will become at least 600 kg/year. Several years after the8:30 AM Invited
commercialization in chlor-alkali, iridium oxide DSA was commercial- Gas Atomization Processing with High Efficiency and Size
ized as the oxygen evolution anode. That was successfully applied inControl: Iver E. Andersoh R. L. Terpstrg Jason Ting C. Yu;
Japan at first and proved to be far superior to the conventional plati- tAmes Laboratory, 126 Metals Dev., Ames, IA 50011 USBtucible
num based or lead alloy anodes. The application is increasing togetheiResearch, Pittsburgh, PA 15205 US®elevan, West Des Moines, I1A
with improvements in durability. The service life has increased from 50265 USA
1000 hours in standard sulfuric acid electrolysis to longer than 10,000 Many applications for particulate materials demand either the avail-
hours at present. Application was also made to Cu-foil production, ability of fine (dia. < 45 micron) powders or coarser powders of con-
electro-galvanizing, electro-tinning, metal winnings, etc., with tre- trolled size. High pressure gas atomization (HPGA), a close-coupled,
mendous contribution to product quality, energy savings, and environ- discrete jet atomization method, has proved to be one of the most
mental impact. Thus, the iridium oxide plays an important role in effective methods of producing rapidly solidified fine metal and alloy
industrial electrolysis, and the demand for this use is increasing year bypowders with high yields less than 20 microns using Ar,d{ He gas.
year. Development of HPGA jets with convergent-divergent (C-D) rocket

) nozzle designs that have high total kinetic energy was conducted {
12:00 PM . o . . . -
On the Possibility of Electrochemical Separation of Precious increase atom|_zat|_on efficiency apd uniformity. Efficient use of C-D

- ; : ; . jets in an atomization nozzle required development of a physical modg

Metals during Processing of Heavily Contaminated Starting of the gas dynamics in the atomization zone. An unexpected benef
Materials of Iridium : A. V. Yermakoy V. |. BogdanoV; L. D. )

Gorbatova K. P. Konik; Ekaterinburg Non-Ferrous Metals Process- gszrb;ner;;tt::maebllmv)\l/ictjz Ofsgfﬁe”:ai neea;gvgg;ﬁ:gf,saigr'razmen:c;
ing Plant, Lenin Ave. 8, Ekaterinburg 620014 Russia y P ge, 9 P

. ) ; ) . control. Examples of powder size control and comparisons of effi
An intermediate product-technical-grade ammonium chloroiridate- . . h . )
. ) L . . ciency will be described. Different aspects of this work were supporte
is formed during the refining of placer platinum. Ammonium

chloroiridate contains 20 to 40% iridium, up to 10% of other platinoids, by USDOE-BES under contract no. W-7405-Eng-82, the Center fo

: -~ Advanced Technology under DOC contract no. ITA81-02, and thg
and the same percentage of base elements, mainly copper, lead, iro

o . ) nl’owa State University Research Foundation.
and silicon. It was a common practice to transfer these materials to

pyrometallurgical processing. The resulting sublimates underwent hy- 9:00 AM Invited

drometallurgical. However, this technological scheme has some draw-Comparison of the Supersonic Length and Dynamic Pressure

backs, primarily inadequate selective extraction of such metals as PtCharacteristics of Discrete-Jet and Annular Close-Coupled

and Rh. Several hydrometallurgical schemes are known to separateNozzles Used to Produce Fine Metal PowdersSteven P. Matés

iridium from the aforementioned starting material. Separation of Stephen D. Riddér Frank S. Biancaniellp INIST, 100 Bureau Dr.,

rhodium and iridium presents the most difficult task in refining iri- Stop 8556, Gaithersburg, MD 20899-8556 USA

dium. Until recently, no satisfactory method for the separation of the Well-designed close-coupled nozzles operating at high gas pressures

two elements existed. to atomize molten metal into fine powder generally produce a long
supersonic gas jet. The magnitude of the dynamic pressure (density
times velocity squared) developed in this gas jet, as well as its super-
sonic length, strongly affect the critical secondary atomization stage,
in which molten droplets are disintegrated into fine particles over long
distances from the nozzle tip. Higher dynamic pressures and longer
supersonic lengths will tend to produce more complete secondary at-
omization, yielding a smaller average particle size. As such, these two
gas dynamic characteristics may be used as benchmarks to compare the
potential atomizing capability of one close-coupled nozzle versus an-
other. In this study, the supersonic length and dynamic pressure char-
acteristics of two discrete-jet close-coupled nozzles having different
overall diameters are reported for several nozzle pressure ratios. Dif-
ferent nozzle diameters are included to study how nozzle scale affects
the supersonic jet behavior. The discrete jet nozzle data are then
compared to data obtained from annular converging and converging-

WEDNESDAY AM
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diverging close-coupled nozzles to gauge their relative performance. frequency distribution curves also indicated bi-modal size distribution
Finally, the close-coupled nozzle data are compared to round, per-in the powders. Detailed SEM investigation and particle size distribu-
fectly expanded supersonic jets, which are the narrowest and longesttion analysis indicated narrow size distribution in the powders. The
possible jets at any given pressure ratio and gas flow rate. effect of the atomising gas pressure and nozzle design modifications
9:30 AM  Invited were used to explain the observed tight size distribution both in the Mg

Improvements in Close-Coupled Atomization: An Empirical and Al powders produced.
Approach: Joseph T. Straugs *HJE Company Inc., 151-155 Maple  11:00 AM Invited
St., Glens Falls, NY 12801-3729 USA An Investigation into the Processing and Properties of Gas
The development of a small-scale close-coupled atomization sys-Atomized High Nitrogen Austenitic Stainless Steels Frank S.
tem has evolved incrementally with goals of increasing the reliability, Biancanielld; R. D. Jiggetts Stephen D. Riddér Rick E. Rickef;
repeatability, predictability, and performance. Reliability and repeat- Mark R. Stoudt INIST, 100 Bureau Dr., Stop 8556, Gaithersburg, MD
ability have been found to be primarily functions of component design 20899-8556 USA
and operational parameters. Insight into performance and predictabil- Nitrogen containing stainless steels are known to possess improved
ity were gained by a combination of flow bench testing and correlation properties. The consistent production of alloys with these superior
of particle size data with gas to metal flow rate ratio, gas momentum, properties is enhanced by rapid solidification processing which elimi-
and gas energy. This paper will review prior studies investigating the nates the macrosegregation that inhibits consistently obtaining out-
effects of melt and gas properties and operational parameters on parstanding properties in these alloys through ingot processing. To evalu-
ticle size. The merit of gas-only aspiration tests and water bench ate the extent to which gas atomization enables the production of
testing will be discussed. Salient design details are reported. nitrogen bearing alloys with improved properties, a series of alloys was
produced using a predictive model to guide alloy and process design,
and then, the mechanical, corrosion and stress corrosion properties of
. L . . these alloys were evaluated. The model used to predict nitrogen solu-
Behavior: Leonel L. Nufiez Rodrigo H. Palmg A. Sepulveda bility and alloy properties also led to a reduced quench rate sensitivity.

*Universidad Central de Chile, Facultad de Ciencias Fisicas y This property in turn allows for the atomized powders or subsequentl
Matematicas, Escuela de Ingenieria Civil en Obras Civiles, Sede Parque property P q y

Almagro Sur, Santa Isabel, Santiago 1186 CHhlletiversidad De Chile, gxtrudeq wire t.o be used for thefma' spray applications. These_ applica-
L ) . . . tions will be discussed along with the results of the mechanical and
Dept. De Ingenieria Mecanica, Casilla, Santiago 2777 Chile . .
. . - . corrosion properties.

It is recognized that the performance of gas liquid metal atomizers
is a function of the following variables: atomization gas flow, liquid 11:25 AM Invited
metal flow, productivity and size distribution of powders. However, NANOVAL Atomizing: A Special Process for Special Products
most of the studies of confined and gravity atomizers show that the Martin Stobik; NANOVAL GmbH & Company KG, Holzhauser Str.
aerodynamic pressure field, developed by the interaction between gasl57-159, Berlin D-13509 Germany
jets, controls the behavior and performance of them. On the other The Nanoval process differs from all other ways of atomizing as a
hand beyond the efforts to make predictions about behavior and per-melt stream bursts open by itself when its inner pressure, given by
formance of atomizers, there are no reliable equations to make desigrsurface tension forces, surpasses the outer pressure of a steadily accel-
calculations. It is well known that atomizers configured with indepen- erated gas flow in Laval nozzle. This Nanoval effect is observed in
dent or annular nozzles develop choked flow, a condition suitable to laminar flow of both, melt and gas. Its consequence is fine and ultra-
evaluate the gas flow with compressible flow equations. To estimate fine spherical powder at particle size distributions narrower than usual.
the particle mass median diameter, the Lubanska equation has bee new autoclave system omits plug rods in using a hydraulic closure
used; however many researchers have demonstrated that this experiunit, which enables continuous or semi-continuous production. Atom-
mental correlation does not give good results, particularly for con- izing results are shown for the production of fine and ultra-fine powder
fined atomizers. It seems that a key for the comprehension of con-of various metals.
fined and gravity atomizers’ performance is the understanding of the
aerodynamic pressure field. In this area, in spite of the great quantity
of published experimental results for several atomizer types, no ef-
forts have been done to systematize the information in order to pro-
pose theoretical models that explain the pressure field formation. In
this work, the general equations of gas/liquid metal-atomizer are devel-
oped on the basis of fundamental principles and experimental results.
The atomization gas flow and the liquid metal flow are evaluated from
fluid dynamics principles. It is worth noting that the liquid metal flow
equation, an important equation to estimate the atomized powder size,
is a function of the aerodynamic pressure field. A procedure to analyze
reported experimental pressure fields is developed. The purpose is to
contribute to the understanding of the principal controlling variables
and to the theoretical prediction of pressure fields. Moreover, a mul-
tivariate analysis of powder-size experimental data is conducted to
propose corrections to Lubanska’s equation. In this case, the objective
is the development of an equation to evaluate the particle mass me-
dian diameter for several atomization regimes.

9:55 AM Invited
Understanding the Liquid Metal Atomizer Performance and

10:20 AM Break

10:35 AM
The Possibility of Narrow Size Distribution in Gas Atomised
Powders by Nozzle Design Modifications Sedat Ozbileh Gazi
University, Metallu. Edu. Dept., Teknikokullar, Ankara 06500 Tur-
key

Mg powders under low pressure Ar gas and Al powders under Ar gas
with nozzle design modifications were produced on a pilot plant gas
atomiser. Mg and Al powders produced were characterised by SEM
investigation and by laser particle size analysis. It was observed that

the powders produced obeyed log-normal size distribution law. Their
134
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Magnesium Technology 2000: Creep

Properties and Heat Treating Effects
Sponsored byl ight Metals Division, Reactive Metals
Committee, International Magnesium Association
Program OrganizersHoward I. Kaplan, Magnesium
Corporation of America, Salt Lake City, UT 84116 USA,
John N. Hryn, Argonne National Laboratory, Argonne, IL
60439-4815 USA, Byron B. Clow, International Magnesium
Association, McLean, VA 22101 USA

Wednesday AM  Room: Bayou D
March 15,2000  Location: Opryland Convention Center

Session ChairDarryl L. Albright, Hydro Magnesium,
Hydro Light Metals, Livonia, M1 48152 USA

8:30 AM

Tensile and Compressive Creep Behavior of Die-Cast Magne-
sium Alloy, AM60B: S. R. Agnety K. C. Liu; S. Viswanathah 'Oak
Ridge National Laboratory, Oak Ridge, TN 37831 USA

There has recently been renewed interest, on the part of the auto
motive industry, in increased usage of magnesium based alloys in an

effort to improve efficiency through vehicle mass reduction. One of

the limitations of magnesium alloys that has hindered more widespread
application is their poor creep resistance. In an effort to determine

Magnesium die-casting alloys for automotive transmission case ap-
plications require good creep resistance at elevated temperatures. While
magnesium alloys such as AE42 have been shown to have acceptable
creep resistance, concerns about alloy cost limit wide spread use. Lower
cost approaches for creep resistant magnesium alloys are currently
under investigation. It has been shown that small additions of calcium
greatly improves the elevated creep resistance of magnesium die-cast-
ings. In this study, the effect of calcium on creep and bolt-load reten-
tion (BLR) behavior at various temperatures and stresses/preloads will
be investigated. Four alloys with different calcium content (0, 0.25,
0.50, 0.75%) in base AM50 alloy were die-cast. Creep tests have been
carried out at a temperature of 280and initial stresses from 30 to 90
MPa. BLR tests have been carried out from 125 to°@7&nd preloads
from 14 to 28kN. Higher calcium content alloys showed better stress
relaxation and creep resistance; AM50 alloy with 0.75% Ca (AMC5007)
showed the best BLR property, with a higher BLR resistance than
AE42. Similarly, the AMC5007 alloy showed the lowest creep strain
of the AMC alloys. TEM investigation of as-cast and crept specimens
will be described.

9:45 AM
Creep Resistant Mg-Al-Ca Casting Alloys Mihriban O.
Pekguleryuz Jean Renadd Noranda Technology Center, 240 Hymus
Blvd., Pointe-Claire, Québec HO9R1G5 Canadatermag Technolo-
gies, 357 Rue Franquet, Ste-Foy, Québec G1P4N7 Canada

The automotive use of magnesium is currently restricted to non-
structural components. Its use in critical structural components such
as transmission and engine parts requires the development of cost-
effective alloys that can meet the performance requirements of these
components for elevated-temperature (BPstrength and creep re-
sistance. This study is on the development of a Mg-Al-Ca alloy system
that has good creep-resistance at°Ia0The increased creep resis-

the best course for developing die-cast alloys with improved creep tance of the alloy is due to the existence of an Al2Ca intermetallic

resistance, the creep behavior of existing commercial alloys is being
studied. Of the two most commonly used die-casting alloys, AZ91 and

AMG60, the former is stronger but the latter is tougher. For many

applications under consideration, such as bolted housings and covers

the critical loads are compressive.

lier studies of magnesium alloys creep behavior at temperatures in thefalls in the range of high purity magnesium alloys AZ91D and AM60B
range of 0.7Tm, the stress dependence of the steady state creep rat

n~5 (stress range 20-60 MPa). Interestingly, the creep strength in

compression is significantly higher than that in tension.

8:55 AM
Development of High Creep-Resistant Magnesium Alloy
Strengthened by Ca Addition Toshio Horié; Hiroaki lwahort;
Yoji Awano?; Yoshiki Sené; 'Toyota Central R&D Laboratory Inc.,
Lightwt. & Environ. Matls. Lab., 41-1 Aza-Yokomichi, Oasa-Nagakute,
Nagakute, Aichi 480-1192 Japan

By the addition of calcium, mishmetal and zirconium, a low cost
Mg-2%2Zn-0.8%Ca-2%Mm -0.5%Zr alloy with excellent heat resis-

tance was developed for utilization in automotive parts in the engine of AS21 and AS41 alloys and can affect the performance of thes
compartment. This new alloy shows high creep resistance. The creeplloys in service conditions. Magnesium alloys are usually alloyed wit

property of a high-pressure die-casting of the alloy at° lis@der 64

In spite of this fact, most creep and diecast state are equivalent to the more expensive rare-earth cq

testing h_as been performe_d in a tensile que. In this stud_y we Compare(aining magnesium alloys. Corrosion resistance of the diecast alloys
the tensile and compressive creep behavior of AM60. Similar to ear- 0.11- 0.23 mg/cm2/day

@nd the rare-earth containing AE42 alloy.

compound in the as-cast structure. Microstructural investigation of
the alloy before and after creep loading shows the role of microstruc-
ture in creep resistance. The tensile yield strength and the ultimate
tensile strength of the alloy at 18D both in the permanent-mold cast

as measured through salt-spray corrosion te

10:10 AM Break

10:20 AM
Preparation and Solidification Features of As Series Magne-
sium Alloys: B. Bronfirt; M. Katsir; E. Aghiort; Dead Sea Magne-
sium Limited, P.O. Box 75, Beer-Sheva 84100 Israel

AS magnesium alloy series are used for high temperature applic
tions that require adequate creep resistance. The aim of the prese
investigation was to obtain information regarding preparation proce
dure and phase constituents that are precipitated during solidificatio

WEDNESDAY AM

manganese to remove iron. Hence, the understanding of the facto

MPa was nearly equal to that of conventional heat resistant alloys which influence the mutual solubility of Mn and Fe in molten magne-
such as T6 treated QE22 alloy. The minimum creep rate of the alloy sium is very important for establishing the efficient alloying proce-
developed in this study was 1/100 of that of AZ91 alloy under the dure by Mn and other elements, particularly by Si in AS21 and AS41
same condition. The ultimate tensile strength was over 200 MPa atalloys. Silicon is added to Mg-Al alloys in order to enhance the creep
150°. This value is nearly equal to that of T6 treated QE22 and 1.2 resistance. It was believed that only J8gparticles are formed through
times as high as that of AZ91 alloy. The breaking elongation at room the solidification process of AS21 and AS41 alloys. However, it is
temperature was 6%, which is higher than that of AZ91 alloy. More- evident from the results of present investigation that additional phases
over, its mechanical properties are improved significantly by T6 treat- are present in the AS21 and AS41 ingots. The sequence of phase
ment, due to the formation of fine precipitates at low temperatures. transformations occurring through the solidification process is dis-
cussed and the factors affecting the microstructure features were dis-

9:20 AM closed.

The Effect of Calcium on Creep and Bolt-Load Retention Be-
havior of Die-Cast AM50 Alloy: Keun Yong SolnJ. Wayne Jonés
John E. Allisord; University of Michigan, Dept. of Matls. Sci. and
Eng., 2300 Hayward St., Ann Arbor, Ml 48109 US#ord Motor
Company, Matls. Sci. Dept., Scientific Rsch. Lab., Dearborn, MI 48121
USA

10:45 AM

On the Relation between Hardness and Yield Strength in a
Sand Cast AZ91 Alloy. Clare L. Bancroft Carlos H. Céaceres John

R. Griffiths?; 1University of Queensland, Dept. of Ming., Min. and
Matls. Eng., CRC for Alloy and Solid. Tech., Brisbane, QLD 4072
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Australia; 2CSIRO Manufacturing Science and Technology, P.O. Box
883, Kenmore, QLD 4069 Australia

The effect of aging time at 185 on the mechanical properties of Magnesium Techno|ogy 2000:
sand cast AZ91 alloy has been studied. The hardness, Hv, and yield g .
strength, YS, increase with the aging while the tensile ductility de- SOIldlflcatlon
creases. It is possible to fit the flow curves of the material to the Sponsored byLight Metals Division, Reactive Metals
equationo = K g, whereo is the true stress argdthe true plastic strain, Committee, International Magnesium Association

with a single K-valu_e (570 MPa) and varying the strain _harden_lng Program OrganizersHoward L Kaplan, Magnesium
exponent, n, according to the alloy temper. The n-value is obtained

from the Vickers hardness number with the expression n = 1.3g2- Corporation of America, Sal_t Lake City, UT 84116 USA;
0.265 In(Hv) and used to calculate yield strength as YS = 568.9 (2.002) John N. Hryn, Argonne National Laboratory, Argonne, IL
11:10 AM 60439-4815 USA,; Byron B. Clow, International Magnesium

The Effect of Low-Temperature Aging on the Tensile Properties Association, McLean, VA 22101 USA
of High-Pressure Diecast Mg-Al Alloys Amanda Lee Bowlés
John R. Griffithg; P. D. D. Rodrigé& Cameron J. DavidsénTim J. Wednesday AM  Room: Bayou C
Bastow; iThe University of Queensland, Co-op. Rsch. Ctr. for Alloy - \1arch 15 2000 Location: Opryland Convention Center
and Solid. Tech., Brisbane, Queensland 4072 Austrgig|RO, Manu.
Sci. and Tech., Private Bag 33, Clayton, Victoria 3169 Australia; ) . . .
3CSIRO, Manu. Sci. and Tech., P.O. Box 883, Kenmore, Queensland Session ChairPeter Pinfold, Fluor-Daniel, c/o Doe Run
4069 Australia Peru, La Oroya Peru

Data are presented which are relevant to the use of magnesium
alloys in the engine bay and interior of automotive vehicles where
metal temperatures for typical applications can reack’@20n this 8:30 A_M . ) .
research, high-pressure die-castings of the Mg-Al alloys AZ91D and EUt?C“C Growt‘h Morpholog|es_ mn Magnesmm_—AIumlmum Al-
AMG60B have been aged at 120 for times of up to 5,000 hours. Iloys_. Mgrk Denis Nave Arne Kristian D"’_‘hlé Da_V|d Henry StJofi
Results are reported for the effect of this aging on the tensile proper- University of Queenslland, Dept. ,Of Ming., Min., and Matls. Eng.‘,
ties and on the microstructure. Increases in yield stress of up to 30CRC for Alloy and Solid. Tech., I‘?,r_lsbane,‘ Queensland 4072 Aust‘ralla
MPa were noted for 5 mm thick castings but the increase for 2 mm The Mg-Mg,Al,, eutectic exhibits a wide range of morphologies

thick castings was far less, at about 6 MPa. The ductility of all castings dependm‘g on the ?I.on composition and copl!ng conditions. An alloy
was reduced by more than half. Observations of the microstructure of eutectic composition, Mg-33 V\{t% Al, exhibits a Iamell_ar morphol-
have been carried out by optical and electron microscopy and by ogy at low growt_h rates and_ a fibrous morphology at h|gh§r.growth
nuclear magnetic resonance (NMR). These have shown that precipita-lrates' szeve:], in low aluminium content_ nlwagnesmm-alunl}lmun;;gl
tion of Mg17Al12 has taken place during aging and it is inferred that oys such as the m"?t commorjl commercia magnesmm‘ atloys .
this has been the cause both of the increase in strength and the de@nd AMBEO, the eutectic has a different morphology, described as either
crease in ductility completely or partially divorced. This paper reports the results of an

investigation into the effect of aluminium content and cooling rate on

11:35 AM the morphology of the eutectic in permanent mould cast magnesium-
Study of the Effect of Heat Treatment on the Microstructure aluminium alloys. Magnesium alloys with aluminium contents ranging
and Mechanical Properties of a Thixoformed AZ91Alloy Enrico from 9 to 33 wt% were cast into steel moulds. The effect of aluminium
Evangelist& Marcello Cabibbg Stefano Spigarelj Pasquale Cavaliere content was determined by comparing equivalent regions in the differ-
Michael Talianket; Volodia Ezersky University of Ancona, Dept. ent castings while the effect of cooling rate was determined by com-
of Mech., Via Brecce Bianche, Ancona 60131 Italyniversity of paring the microstructures obtained at the edge and the centre of each
Negev, Dept. Matls. Sci. and Eng., P.O. Box 653, Beer-Sheva, Negevcasting. As the aluminium content of the alloys increased, the domi-
84105 Israel nant eutectic morphology changed progressively from fully divorced

The present study is focused on the structural and mechanical propto partially divorced, to granular, to fibrous and, finally, to lamellar.
erties of an AZ91 Mg-alloy after thixoforming. The microstructure Increasing the cooling rate produced a small change in the opposite
consisted of large alpha-phase globules separated by quasi-eutectiglirection with these transitions occurring at higher aluminium con-
(alpha+beta). Observations showed that the alpha-Mg areas are develtents. The influence of both aluminium content and cooling rate on
oped into individual grains, while the beta-phase (Mg17AI12) particles eutectic morphology results from the effect of these variables on
are present only in the eutectic area. Scanning Electron Microscopy dendrite morphology and the consequential size of the eutectic re-
(SEM) and Transmission Electron Microscopy (TEM) revealed small gions.

Mg-rich particles inside the eutectic (divorced eutectic). The heat-
treatment response of the alloy was investigated after a solution treat-
ment at 418C for times ranging 0.5h to 24h. SEM and Light Micro-
scope (LM) showed that the original microstructure produced by . . ; -
thixoforming was almost completely transformed in a conventional Da_“”d Henry Stlolh *The University of Queenslgnd, Dept. of.Mlng.,
structure of equiaxed grains after 2h at 415even if a 4h treatment Min. and Matls. Eng., CRC for Alloy and Solid. Tech., Brisbane,

produced a more homogeneous structure. Solution heat treatment aQueensl'and 4072 .Austraha . .
415°C produced an equiaxed structure of alpha grains; in particular Previous experimental work has suggested that the addition of zinc

after 24h aluminium was completely in solid solution, its distribution to hypoeutectic magnesium-aluminium alloys promotes the forma-

being substantially homogeneous. The distribution of Al and Zn in the t|ond0f a dh'YOfoff’d euhtect|c. Htc))wever, the_f_argoun(tj OL zine rehquw'ed tg
microstructure was investigated by means of X-rays diffraction. The prhq rl]“?e this ehect asbnot deen q_ua(r;tl_ll_ﬁ and the mec ?]msm Iy
effect of solution treatment-time was investigated by means of tensile which it occurs has not been determined. This paper reports the results

tests; the poor ductility typical of the thixoformed alloy was substan- of a study of the effect. of zinc on eutect|c_ morphology n permanent
tially improved by increasing the heat treatment duration over 2h. mould cast hypoeutectic magnesium-aluminium alloys, including the

Additional studies were carried out in order to assess the creep responsgommem_IaI al!oy AZ9‘1.‘ The results show that the strength _O_f this
of the solution-treated material. effect varies with aluminium content and cooling rate. The addition of

1.6 wt% Zn to a Mg-9Al alloy cooled at approximately 80 K/s was
sufficient to cause a fully divorced eutectic to form when a partially
divorced eutectic formed in the binary alloy solidified at the same rate.
An addition of 1.6 wt% Zn to a Mg-15Al alloy cooled at approxi-
mately 20 K/s was sufficient to cause a partially divorced eutectic to

136

8:55 AM
The Role of Zinc in the Eutectic Solidification of Magnesium-
Aluminium-Zinc Alloys: Mark Denis Navg Arne Kristian Dahlg
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form when a granular eutectic was observed in the binary alloy solidi- order to understand and eliminate these defects the mechanical prop-
fied at the same cooling rate. Directionally solidified samples of AZ91 erties of the partially solidified material, particularly in tension, need
were used to investigate the segregating behaviour of zinc during solidi-to be determined. Work has therefore been undertaken to measure and
fication. The effect of zinc on the solidification behaviour of hypoeu- predict the tensile properties of solidifying, as well as reheated and
tectic Mg-Al-Zn alloys, and its relation to and dependence on cooling remelted, pure magnesium and Mg-Al alloys above and below the soli-
rate, is discussed. dus temperature. The results of surface crack and centreline crack
examinations of HDC cast material are compared to the hot tensile
9:20 AM . S ;
R . . . test data. The measurements indicate the significance of the mechani-
Solidification - Induced Inhomogenities in Magnesium-Alu- cal behaviour during solidification on defect formation. Strengthenin
minium Alloy AZ91 Ingots: Per Bakké; Carl Fuerst Hakon 9 ' 9 9

Westengeh Norsk Hydro, Rsch. Ctr., Porsgrunn N-3901 Norway: mechanisms of the mushy zone in magnesium alloys are discussed.
2General Motors, Global R&D Operations, 30500 Mound Rd., Warren, 10:45 AM
MI USA Casting of Granulated Magnesium and Magnesium Alloys by
Magnesium alloys for die casting are commonly based on addition Centrifugal Spraying of Liquid Metal: Advantages and Limita-
of aluminium as the main alloying element. Due to non-equilibrium tions: |. Barannik; V. Alexandrov; I. Komelint; 1State Research and
solidification, even alloys with aluminium contents well below the Design Titanium Institute, 180 Prospect Lenina, GSP-314, Zaporozhye
maximum solid solubility will contain a certain fraction of eutectic 330600 Ukraine
phase. In the later stages of solidification, the presence of low-melting Magnesium, the most efficient and environmentally friendly agent
point eutectics, combined with pressure gradients set up by solidifica- for hot metal desulfurization is winning new markets in Northern
tion shrinkage, will cause macrosegregation. Element distribution over America, Europe, and Asia. The most economical process of those
cross sections of magnesium alloy AZ91 ingots have been investi- known in the art is the process for desulfurization based on injecting
gated. It is found that Al and Zn are strongly depleted in certain pure granulated magnesium (without such additives as CaO and CacCl2)
regions. Impurities redistribute according to their solid solubilities. to hot metal. The method for casting the granules of magnesium and
Porosity as function of location in the ingots has been examined, andmagnesium alloys developed in the Titanium Institute for this pur-
porosity is found to relate closely to the distribution of Al and Zn. The pose, has been recently improved. In Ukraine, the process has been
porous Al and Zn depleted regions coincide with the regions solidifying mastered for the production of magnesium granules from secondary
last. This can be explained by inverse segregation as the melt enrichednagnesium alloys of Az80 AZ91 grades. Two plants in China operate
in alloying elements tend to be drawn outwards to colder regions due tothe units for the production of magnesium granules using the technol-
shrinkage creating an interdendritic flow, leaving behind an ogy elaborated in the Titanium Institute. The paper presents a sche-
interdendritic porous network depleted in Al and Zn. matic process flow diagram for the production of granules by a cen-
trifugal spraying of liquid metal. Analysis of industrial operation of the
equipment and the quality of magnesium granules coated with fire-
proof flux has revealed basic advantages and limitations of this mate-
rial as a reagent for desulfurization of hot metal. Main advantages of
granulated magnesium produced by casting a liquid metal mixed with a
fireproof flux (salt additive) are as follows: 1. Spheroidal shapes of
particles with a diameter of 0.4-1.6 mm; 2. High bulk density; 3. Good
fluidity; 4. Fire and explosion safety which permits one to transfer the
granulated magnesium by air-operated transport at substantial distang
Main drawback of the product is its hygroscopicity. Casting of granuleg

9:45 AM
Grain Refinement of Magnesium Young C. Le® Arne K. Dahlé;
David H. StJohfi 1The University of Queensland, CRC for Alloy and
Solid. Tech., Ming., Min. and Matls. Eng., Brisbane, Queensland 4072
Australia

Grain formation during solidification of magnesium and Mg-Al al-
loys has been studied with a focus on grain refinement mechanisms
solute and particle effects. The variation in grain size with increased
aluminium content in hypoeutectic Mg-Al alloys showed a continuous

decrease in grain size up to 5 wt% Al, and a stabilisation at higher Al of liquid metal in a mixture with flux is notable for it low production

0 ) . ) il
contents (above 5 wt%). Strontium additions to both low- and high cost, with the granulation unit located at facilities producing magne

aluminium content magnesium alloys showed that Sr had a significant . . . . B
; . - 7 S sium by electrolysis. The paper also presents main physico-chemic
grain refining effect in low-aluminium containing alloys. However,

strontium had a negligible effect on grain size in the Mg-9Al alloy. and technological properties of granulated magnesium and formulatg

Additions of Zr, Si, or Ca to pure magnesium produced significant grain ;cmt?g?]poniifogﬂc;;sinzpprilrccijtll?:ti;nn 0;?enrqorgﬁtye}!g%;aeln?srozetzzs)es (mod
refinement, probably because these elements have high growth restric- ' ' ' o
tion effects during solidification. An attempt was made to identify the
grain refinement effect of particles added directly to the melt that are
considered to be powerful nucleants in Al based alloys (TiC) and in Mg
based alloys (AIN, Al4C3). Most of these particles produced grain
refinement, probably because of enhanced nucleation due to the small
lattice disregistry between their crystal structures and that of magne-
sium. However, it is not clear whether the grain refining mechanism of
the effective particles was catalysis of primary crystal nucleation or
simply restriction of crystal growth during solidification.

10:10 Break

10:20 AM
Stress Induced Defect Formation in DC Cast Magnesium Al-
loys: John F. Grandfiel¢t Arne K. Dahlé; 1CRC for Alloy and
Solidification Technology, CSIRO Manufact. Sci. & Tech., Cnr Albert
& Raglan Sts., Preston, Victoria 3072 Australi@he University of
Queensland, Dept. of Ming., Min. and Matls. Eng., CRC for Alloy and
Solid. Tech., Brisbane, Qld 4072 Australia

Magnesium alloys are currently receiving significant interest world-
wide for application in automotive components. Because casting is a
major production step it is important to understand the solidification
of these alloys. Defects in many casting processes are related to the
properties and deformation of the partially solidified material. In the
case of horizontal direct chill (HDC) casting of magnesium, for ex-
ample, surface cracks may appear when the partly solid shell ruptures,
and classic DC casting hot cracks may also form at the centreline. In
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Materials Issues in Microelectronics:
Optical, Electrical, and Thermal: Alpha
Particle Issues in Microelectronics
Packaging

Sponsored byElectronic, Magnetic & Photonic Materials
Division, Electronic Packaging and Interconnection
Materials Committee

Program Organizers¥ellapu V. Murty, Carpenter Technol-
ogy Corporation, Research and Development, Reading, PA
19612-4662 USA; Prasad Godavarti, Motorola, Austin, TX
78721 USA; Sung-Ho Jin, Bell Laboratories, Lucent Tech-
nologies, Murray Hill, NJ 07974 USA,; Sung Kang, IBM, T. J.
Watson Research Center, Yorktown Heights, NY 10598
USA; John Macwilliams, US Competitors, LLC., Newark, DE
19711 USA; Mark McCormack, Fujitsu Computer Packaging
Technologies, San Jose, CA 95134; Martin Weiser,
AlliedSignal Electronic Materials, Plated and Discrete
Products, Spokane, WA 99216 USA

Wednesday AM Room: Lincoln C
March 15,2000  Location: Opryland Convention Center

Session ChairMartin Weiser, AlliedSignal Electronic
Materials, Spokane, WA 99216 USA

8:30 AM Opening Comments

8:40 AM Invited
The “Discovery” of Alpha Activity in Lead and Solder: Ron
Brodzinski; !Battelle, Pacific Northwest Nat. Lab., Richland, WA
99352 USA

More than 15 years ago the presencé®fh activity in lead was
found to create significant background in a low-background radiation
detection spectrometer. Shortly thereafter, alpha particles emitted
from the surface of a solder joint were directly observed with this
spectrometer. It was further observed that these alpha particles ha

been concentrated on the surface of the solder by the melting process

and that they decayed with the energy and half-lifé1®fo. Antiquity

lead was used to eliminate these sources of radioactive background
The experiments and developments leading up to these “discoveries’
will be described. The magnitude of the effect28Pb in lead on the
experiment will be discussed. The current sensitivity of these spec-
trometers for detecting'®Pb and other radiocontaminants in lead and
other materials will also be presented. The sensitivity of various tech-
niques for measuring®b in lead will be compared, and a practical limit
for alpha activity in lead will be proposed.

9:10 AM

From “Clean” Galena to “Contaminated” Lead-Why?: Glenn

I. Lykken; Ben Zieglet; Berislav Momcilovié; University of North

Dakota, Grand Forks, ND 58202-7129 US#nstitute for Medical

Research and Occupational Health, P.O. Box 291, Zagreb, Croatia
Lead ore (galena) is originally very low in 210Pb whereas lead

9:40 AM Break

9:55 AM
The Detection and Analysis of Alpha Particle Emitting Con-
taminants in Semiconductor Packaging Materials Don Weeks
Mike Tucket; 1Spectrum Sciences, 3050 Oakmead Village Dr., Santa
Clara, CA 95051 USA

Semiconductor alpha particle induced soft error was discovered by
Tim May and Murray Woods at Intel in the late 1970’s. Since that
time, there have been several nuclear particle counting techniques
developed to monitor semiconductor packaging materials for alpha
emitting radioisotopes. Methods of surface analysis, bulk analysis and
alpha spectroscopy will be discussed. Emphasis will be placed on ac-
ceptable measurement techniquesfor evaluating Flip Chip and BGA
lead solder related processes.

10:25 AM
Ensuring Alpha Counting: Guenter Schindlbeék !Infineon Tech-
nologies, MPQ, Balanstrasse 73, P.O. Box 800949, Munich 81609
Germany

Alpha counting rates follow Poisson distributions. The slope of the
cumulative density function (CDF) of a Poisson distribution only de-
pends on its mean value. This fact can be used for simple graphical
checks of counting rates. The first example demonstrates, how to
check a series of counting rates with mean values above 20. With the
second example a systematical error was detected, which was added to
the purely statistical fluctuations of a Poisson distribution. Analysing
the chronological distribution of the counting rates, daily alterations
and a superpositioned weekly cycle was found. The tubes of the gas
supply had caused the problem. By replacing the tubes, this problem
could be solved. For mean values below 5 to 10 a modified method is
presented for checking series of counting rates. A table of alpha rates
is presented. All measurements were checked with the methods de-
scribed above. The alpha rates vary from about 0.0005 to more than
100 alphas per square centimeter per hour. One counting tube was
investigated in detail. Its background counting rate showed a different
dependency on bias voltage, than the counting efficiency. A clear
minimum of the relative background (background divided by efficiency)
showed up near the lower edge of the alpha plateau. This bias point
represents the optimum operating condition.

10:55 AM
Micron Slices of Lead for Assessment of Alpha Particle Emis-
sions in Computer Chip Manufacturing: Berislav Momcilovig;
lenn I. Lykken; Cody Nitschk& ‘Institute for Medical Research and
ccupational Health, P.O. Box 291, Zagreb Croati#niversity of
North Dakota, Grand Forks, ND 58202-7129 USA
Soft errors in computer memory chips arise when alpha particles

from the radon daughter 210Po in the lead solder bumps change the

charge state of individual transistors in the memory. Certification of
the 210Pb concentration in low alpha lead (LAL) is difficult, time
consuming and expensive at the levels required by the industry. We
used a microtome (American Optical Co., Buffalo, NY) to produce
thin lead samples (1 to 5 microns) of relatively large area (> 7 cm2) so
that a alpha flux from thin samples of large surface area could be
measured. Attenuation of 210Po alpha particles (collimated beam)
from a plated source (0.1 microcurie, Spectrum Technologies, Oak
Ridge, TN) m were used to measure peak smearing and energy shift
dependence upon lead thickness (676A Alpha-King Spectrometer,
EG&G Ortec, Oak Ridge, TN). Lead slices one, and two micron thick-
ness had respective peak broadening of 7 to 70 times and energy shifts
of 0.5 to 1.4 MeV. Lead slices thicker than 2 microns produced broad,

processed from galena may have amounts of 210Po high enough tdow intensity peaks with poor resolution. These data demonstrate the
generate soft errors in computer chips. We processed a low 210Pbnecessity to standardize the optimal lead thickness for uniform stan-
galena (Doe Run, Co., Herculaneum, MO) in a small-scale standarddardization of the measurement techniques among different laborato-
smelting method (Heraeus, patented). To reduce the melting point ofries. Supported in part by DEPSCoR under Research Proposal No.
galena, 2.5 g of galena were mixed with 2.5 g@®@, and 0.2 g of 40072-EL-DPS.
powdered graphite as a reducing agent in a graphite boat. BglONa .
; ; 1:25 AM

and powdered graphite contained 210Po and so does the smelted le . . - . . .

. . . . he Relative Counting Efficiencies of Zinc Sulfide and Gas
from previously low 210Pb galena. Polonium-210 alpha particle emis- : . o
sions were measured with a 676A Alpha-King Spectrometer, EG&G Proportional Alpha: T. H. Zabet; :BM, T. J. Watson Rsch. Ctr.,

! P.O. Box 128, Rt. 134, Yorktown Heights, NY 10598 USA

Ortec, Nashville, TN. Supported in part by DEPSCoR under Research Several different methods of measuring alpha particle emission from

Proposal No. 40072-EL-DPS. materials used to manufacture semiconductors have been developed.
138



139

These different methods often produce inconsistent results for mea-
surements made on the same sample. Smaller devices and more inti
mate contact with the potential alpha particle emitters such as solder
bumps require materials with lower alpha emission rates. As a result, it

has become more important to understand the discrepancies in re-
ported alpha emission between different measurement techniques. This

talk will discuss the physics behind both zinc sulfide and gas propor-
tional counters and how this impacts the measurements. It will then
compare the physical models to experimental data to determine the
relative counter efficiencies. Finally, | will discuss how to correlate the
results from these two measurement techniques so that the users an
suppliers of low alpha Pb and related materials can obtain more reliable
results.

Materials Processing in the Computer
Age lllI: Solidification and Process
Modeling

Sponsored byExtraction & Processing Division, Materials
Processing and Manufacturing Division, Jt. Processing
Modeling Analysis & Control Committee

Program OrganizersVaughan \oller, University of
Minnesota, Saint Anthony Falls Laboratory, Minneapolis,
MN 55414-2196 USA; Hani Henein, University of Alberta,
Edmonton, AB T6G 2G6 Canada; Sulekh Jain, Ge Aircraft
Engineering, MId M-89, Cincinatti, OH 45215 USA

Wednesday AM Room: Lincoln A
March 15,2000  Location: Opryland Convention Center

Session ChairsChristoph Beckermann, University of
lowa, Dept. Mech. Eng., lowa City, I1A 52242 USA; John M.
Krane, Purdue University, Sch. of Matls. Eng., West
Lafayette, IN 47907 USA

8:30 AM
Modeling of Semisolid Metal Casting Andreas N. Alexandrdu
Gilmer R. Burgos Vladimir M. Entow; Worcester Polytechnic Insti-
tute, Semisolid Matl. Process. Lab.-Met. Process. Instit., 100 Institute
Rd., Worcester, MA 01609 USAjnstitute for Problems in Mechanics
of Russian Academy of Science, Pr. Vernadskogo 101, Moscow 117526
Russia

Processing of metal alloys in their mushy state represent a new
trend in metal processing. As part of the process (thixocasting), spe-
cially prepared billets are reheated to a temperature in the mushy

zone, and then injected_into a die._Parts produced using this techqol-ing of Steel Sivaraj SivaramakrishnanBrian G. Thomas Pratap
ogy offer better mechanical properties than those produced by CaSt'ngVanka; Wniversity of Illinois, Mech. & Indust. Eng., 1206 W. Green

and characteristics comparable to those of forged alloys. During
thixocasting, semisolid slurries are highly concentrated suspensions of
rounded rosette-like crystals in eutectic liquid. The mechanical behav-
ior of the slurry is determined by the structure and properties of the
skeleton formed by the alpha phase particles. The structure of the
skeleton is almost never at equilibrium. It depends on the mechanical

mented into a computer code to predict die filling. An extensive para-
metric study is performed with different rheological constants and
their effect on processing is analyzed.

8:50 AM
A Computer Model for Simulation of Multi-Scale Phenomena
the Centrifugal Casting of Metal-Matrix-Composites:
Laurentiu Nastat Juan J. ValenciaJunde X& Hao Dongd; !Concur-
rent Technologies Corporation, Manu. Tech. Direct./Proc. Anal. Dept.,
100 CTC Dr., Johnstown, PA 15904-1935 USA

A comprehensive computer model was developed to understand and
d .. . . . . .
optimize the centrifugal casting process for manufacturing TiC/Al-
bronze friction drums. Performance of these components requires
proper distribution of TiC particles, which is shown by dimensional
analysis to be dominated by centrifugal buoyancy effects and solidifi-
cation kinetics. The model addresses the following: (1) a rheology-
viscosity model of the interference between moving particles, (2)
engulfment (entrapment) or pushing of particles in the mushy region
by the advancing solid/liquid interface, (3) nucleation and growth of
equiaxed and eutectic phases, (4) effects of particle size, particle con-
centration, and cooling rate on the final grain size, and (5) the im-
pingement effect of particles on the nucleation and growth kinetics of
solidifying microstructure. Parametric studies were conducted using
the computer model to investigate the effects of various process and
material parameters on the distribution of TiC particles. The effects
of the volume fraction, size, and morphology of the particles (includ-
ing clusters and agglomerates) on the particle distribution were evalu-
ated in detail. The complex interaction between the solidifying struc-
ture and insoluble ceramic particles in centrifugally-cast metal-ma-
trix-composites was also investigated. The model predictions of par-
ticle distribution and microstructure were validated with experimental
data for centrifugally-cast A356/SiC and TiC/Al-bronze alloys. This
work was conducted by the National Center for Excellence in Metal-
working Technology, operated by Concurrent Technologies Corpora-
tion under contract No. N00140-92-C-BC49 to the U.S. Navy as part
of the U.S. Navy Manufacturing Technology Program.

9:10 AM
Microsegregation in Ternary Alloys with an Open System
Michael R. McLan& Matthew John M. Krarle !Purdue University,
School of Matls. Eng., 1289 MSEE Bldg., West Lafayette, IN 47907
USA

A model is developed to simulate microsegregation during the sd
lidification of ternary alloys. Composition profiles of each compo-
nent of several aluminum rich ternary alloys are obtained for thq
primary and secondary phases. The model addresses the complicatig
associated with an open system and possible remelting due to mixtu
composition and temperature variations during solidification. Calcu
lated profiles are presented for the aluminum rich region of the Al-Cu
Mg system and compared with published results.

9:30 AM
Large Eddy Simulation of Turbulent Flow in Continuous Cast-

WEDNESDAY AM

St., Urbana, IL 61801 USA

During the continuous casting of steel, transient flow events may be
very important to the generation of quality problems, such as surface
level fluctuations, inclusion and bubble entrainment. Conventional
Reynolds-averaged models of turbulent flow, such as K-e, are inher-
ently inaccurate at predicting the intermittent, transient flow events

and thermal history of the material, and its evolution is governed by a hat arise due the chaotic turbulent motion. To improve the ability to
number of kinetic phenomena of different characteristic time-scales. predict these phenomena, large eddy simulation models are being de-
As a result of these kinetic processes, the rheological properties of theyg|oped, that directly simulate the important large-scale structures.
material, such as effective viscosity and yield stress, decrease WithThese models are being applied to simulate three-dimensional, tran-

structure breakdown and increase with its development. In the presentsient, asymmetric flow in the continuous slab-casting mold and the
investigation, the behavior of semisolid slurries during processing is 55sociated quality problems.

modeled using conservation equations and the Herschel-Bulkley fluid

model. The rheological parameters are assumed to be functions of the?:50 AM

solid volume fraction, and of a structural parameter that changes with Comparison of the Transient Start-Up Phase in an Aluminum

processing history. The evolution of the structural parameter is de- Ingot-Differences in Daniel Paul Cook W. Kinzy Jonés *Reynolds

scribed by a first order kinetic differential equation that relates the rate Metals Company, Corp. Rsch. and Dev., 13203 N. Enon Church Rd.,

of build-up and break-down of the solid skeleton. The model is imple- Chester, VA 23831 USA:Motorola Inc., Phys. Proto. and Tool. Ctr.,
8000 W. Sunrise Blvd., Ft. Lauderdale, FL 33324 USA
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With the ever-increasing power of desktop computers, simulation to protrusion of iron fingers from the cathode into the slag, capillary
has become an indispensable tool for today’s metallurgist. Few re-instabilities accelerated by uneven Lorentz force breaks the fingers
searchers, however, have the time or luxury to develop their own into droplets, and dense iron suspended in slag produces a Rayleigh
numerical code and this has lead to a large increase in the number, anthstability. These instabilities and their time/length scales are explored
complexity, of the commercially available software packages. These in order to understand the regimes of operation and limitations to
commercial software packages have not yet reached the “black-box” overall reaction rate, and to pave the way to future numerical model-
stage, i.e. where they are both bug-free and relatively easy-to-use foring of the process for cathode design optimization.
researchers new to the field of simulation. In this paper, we will discuss
bench marking of two popular general purpose CFD codes distributed
by Fluent, Inc., FIDAP, which is based on the finite element method,

and FLUENT-UNS, which uses finite volumes to discretize the compu- Packaging & So|dering Techno|ogies

tational domain. Both of these codes were used to model the transient,

start-up phase in vertical, direct chill casting of aluminum. Tempera- for EIeCtroniC |nterC0nnectS: Rehab'“ty

ture data was taken during multiple casts of a Al-1%Cu alloy and a of Bulk Solders

thermal profile of the ingot was developed. This data was then used to . . . .
validate the mathematical models and compare the solution method-SpC'nsored byEIeCtromC' Magnetic & Photonic Materials

ologies used in each code. Finally, comparisons of computational re- Division, Electronic Packaging and Interconnection
sources necessary for each code will be presented. Materials Committee

10:10 AM Break Program OrganizersHareesh Mavoori, Bell Laboratories,
Murray Hill, NJ 07974 USA, Srini Chada, Motorola, Planta-
tion, FL 33322 USA; Gautam Ghosh, Northwestern Univer-

10:30 AM
Virtual Aluminum Castings: A Tool for Process and Product

Optimization: John E. Allisol; Ravi Vijayaraghavan *Ford Motor sity, Department of Materials Science, Evanston, IL 60208-
Company, Ford Rsch. Lab., MD 3182 SRL, Dearborn, Ml 48124-2053 3108 USA; Martin Weiser, AlliedSignal Electronic Materials,
USA Plated and Discrete Products, Spokane, WA 99216 USA

In the next ten years the materials developments which will have
the most significant economic impact on the automotive industry will s
be those which lead to refinements and improvements in existing Wednesday AM Room_' Lincoln D .
materials and processes. Advances in computational materials sciencévlarch 15, 2000 Location: Opryland Convention Center

will play a pivotal role in this optimization of materials, processes and
components. This talk will overview an integrated analytical approach Session ChairsS. Jin, Lucent Technologies, Murray Hill,

to optimization of aluminum castings as well as progress in achieving NJ 07974 USA: R. A. Fournelle Marquette University
this goal. Our vision is that virtual aluminum castings will be designed, | . o ! !
Milwaukee, WI 53201 USA

cast, heat treated and complete durability testing, all on a workstation.
In addition to a robust knowledge of molten metal flow and thermal
history, models which accurately predict microstructural evolution g:30 AM Invited

during casting and heat treatment are required along with models relat-pimensionally Stable Solders for Microelectronic and Opto-

ing these microstructures to mechanical properties and failure criteria. glectronic Applications: Hareesh Mavooti Sungho Jii Bell Labo-
Recent progress in each of these areas will be reviewed for the Al-Si-Curatories, Lucent Tech., 700 Mountain Ave., Murray Hill, NJ 07974
alloys typically used in automobile engine structures, including models ysa

for phase equilibria and microsegregation, aging response, and the  golders are generally prone to time-dependent deformation caused
influence of microstructure on tensile and fatigue properties. A num- py phenomena such as creep and stress-relaxation due to their low
ber of unsolved problems have been identified and will be discussed. melting points and high homologous operating temperatures. Such

10:50 AM dimensional instabilities could lead to failures in certain optoelec-
Modeling of Materials Synthesis in Thermal Plasma Reactar tronic_and_micrgelectronic devi(_:es thrpugh loss pf optical alignm(_ent,
Sutham NiyomwasBangiu Wu; Ramana G. Reddy ‘The University electr.lcal |sqlat|oq, or mechamcal fa||ures.' In 'I|ght of 'the ever-in-
of Alabama, Dept. of Metallu. and Matls. Eng., P.O. Box 870202, creasing device miniaturization and complexity, it is desirable to have
Tuscaloosa, AL 35487-0202 USA solders that are resistant to changes in dimensions due to creep and

A mathematical model was developed to describe the plasma gas and"n?crostructura_l instabilities. We present two approa_ches towards mini-
particle dynamics and conversion yields. The velocity and tempera- MiZing creep in solder bonds: (1) an oxide-dispersion based approach
ture fields in the plasma were calculated by solving the Navier-Stokes {0 improve the creep-resistance and microstructural stability of the
equations and the thermal energy balance equations. Conservatiorf0!der itself, and (2) an alloying approach that dramatically improves
equations for the system species consider the multi-component diffu-the interfacial bonding, thereby eliminating many of the stability prob-
sion and chemical reactions. The model was used to study the thermal®Ms related to solder bonding of optical or microelectronic compo-
decomposition of ilmenite in the non-transferred arc plasma reactor. "€Nts.

Through the application of these models, concentration, temperatureg-oo0 AM Invited

and flow fields were computed. Thermomechanical Fatigue Behavior of Sn-Ag Solder Joints
11:10 AM S. Chot; J. Lucag, K. N. Subramanian Michigan State University,
Scaling Laws and Instabilities in Electric Field Enhanced Smelt- Dept. of Mat. Sci. & Mech., East Lansing, MI 48824-1226 USA

ing and Refining of Iron: Adam Clayton Powelj Uday B. Pa; Solder joints in electr_onlc packages experience ‘thermal cycling QUe
IMIT, Matls. Sci. and Eng., 77 Massachusetts Ave., Rm. 4-117, Cam- {0 temperature fluctuations encountered in service. In automotive

bridge, MA 02139-4307 USA?Boston University, Manu. Eng., 15 St. under-the-hood applications extreme temperatures could range be-
Mary's St., Boston, MA 02446 USA tween -40 to 150C. Thermomechanical fatigue (TMF), caused by

In electric field-enhanced smelting and refining of iron and steel, Strésses developed from CTE mismatch during thermal cycling, is one
reaction rate is controlled by iron ion diffusion through slag to the of the mo;t important contributor to s_oldgr joint failures. Microstruc-
cathode, thus understanding of the kinetics at the cathode is importanfUré evolution, and the fracture behavior, in Sn-Ag solders under ther-
to improving the process. In addition, under some conditions, molten Ma! cycling conditions will be discussed.
iron forms a conductive path through the slag, resulting in vastly lower g:30 AM
efficiency; this underscores the importance of understanding the phe-a study of Lead Free Solders David K. Suraski Karl F. Seelig;

nomena here. However, the evolution of molten iron in slag gives rise 1A|M Inc., Tech. Dept., 25 Kenney Dr., Cranston, Rl 02920 USA
to multiple coupled instabilities: the Mullins-Sekerka instability leads
140
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With the ongoing concern regarding environmental pollutants, lead indicated that the size of the reinforcements is about 2mm. Reflow
has been targeted in the electronics assembly arena. One result of theoldering of the balls on a BT-resin substrate was conducted in a fur-
push to find lead-free solder alternatives is that there now are manynace of convection heating and the shear strength were measured after
options to the board assembler. Much development, patterning, andvarious thermal histories, which include reflow soldering up to 4 times,
research have gone into finding a viable solution for those who want to aging at 120C for 210 hours, and thermal cycling between +150 and
eliminate lead from their processes. However, each lead-free alloy is-65°C. In those tests, the composite solders showed consistently bet-
different in significant ways and background information about each ter properties than those of matrices. Microstructural observation of
of these is necessary. This paper shall discuss these various alloys anthe solders showed very little growth of the reinforcements after those
compare them to one another, as well as to the traditional tin-lead thermal treatments and the Pb-rich layer, which forms near the inter-
alloy. Highlighted in this will be a comparison of the tin-silver, tin- face of the eutectic solder/substrate interface, was not developed with
copper, and tin-silver-copper alloys. Included in these comparisons the composite solders.
will be new data on creep at four different temperatures and two differ-
ent alloys comprised of tin-copper-silver.

9:55 AM Break . .
- Process Synthesis and Modeling for the
10:15 AM Invited

Analysis of Ring and Plug Shear Strengths for Comparison of PrOdUCtion & PI’OCeSSing Of Titanium &

Lead Free Solders James C. Foley Alan Gickleg; Larry LeProvost Its A“Oys: Session |l

1Ames Laboratory, Metallu. & Cer. Pgm., 122 Metals Dev., Ames, IA s d bvMaterials P . dM facturi
50011 USA;2Johnson Manufacturing Company, 114 Lost Grove Rd., ponsored byviaterials Frocessing an anutacturing

P.O. Box 96, Princeton, IA 52768 USA Division, Structural Materials Division, Titanium Committee,
The global drive to replace the use of toxic lead metal and its alloys Shaping and Forming Committee

in industrial applications has spurred the development of new Lead- Program OrganizersJames A. Hall, Oremet-Wah Chang,

Free solder alloys. In addition to the toxicity of lead, there are other Albany, OR 97321 USA: F. H. (Sam) Froes, University of

problems concerning the mechanical properties of Sn-Pb and Pb-base .
solders. Current leaded solders lack shear strength and resistance t daho, IMAP-Mines Bldg' #321, Moscow, ID 83844-3026

creep and to thermal-mechanical fatigue. A solder which exhibits en- USA; Isaac Weiss, Johnson Matthey, USA; Kuang Oscar
hancements of these properties and retains solderability is crucial inYu, RMI Corporation, R&D, Niles, OH 44446-0269 USA

avionics, automotive electronics, and industrial applications where
the solder joints are subjected to many thermal cycles, severe vibra-
tions, and sustained temperatures of up to°C2Modified ring and

plug joints were made with 12 selected lead-free solders and 2 well
characterized lead containing solders. The results of the mechanical
tests under varying temperature and strain rate conditions provide aSession Chairslsaac Weiss, Johnson Matthey, USA; Sam

basis for selection of the optimum lead free solder for elevated tem- Froes, University of Idaho, Moscow, ID 83844-3026 USA
perature applications.

Wednesday AM  Room: Knoxville B
March 15,2000  Location: Opryland Convention Center

10:45 AM 8:30 AM

Characterization of Microstructural Evolution in Sn-3.5Ag Sol- Modeling of the Mechanochemical Process for the Synthesis of
der Joints during Creep: Vladimir |. IgosheV¥; Jacob I|. Kleimak Ti Based Materials Swati Ghosh E. G. Baburgj K. Prisbrey; F. H.
Ulysse Micho#; Donkai Shangguan Stephen Wong ‘Integrity Test- (Sam) Froes University of Idaho, Instit. for Matls. and Adv. Pro-
ing Laboratory Inc., 4925 Dufferin St., North York, ON M3H5T6 cess., 321 Mines Bldg., Moscow, ID 83844-3026 USBniversity of
Canada;2ESPEO, Orleans, Cedex Frané¥jsteon Automotive Sys- Idaho, Dept. of Metallu. and Min. Eng., Moscow, ID 83844-3026 USA
tems, Dearborn, Ml USAlVisteon Automotive Systems, Markham, A mechanistic model has been developed to study the kinetics (¢

ON Canada formation of titanium-aluminum alloys in nanocrystalline form by

In this work, specially designed Cu coupons were soldered with Sn- ,ochanochemical synthesis. The model is based on Courtney’s ph
3.5Ag solder to model real solder joints. The samples underwent creepnomenological model for mechanical alloying and has been extendd
tests at different temperatures and applied stresses. The kinetic datq3y hypothesizing an intermediate activated complex to take into ag
on the thickness of Cu-Sn intermetallics layer and the distribution of ~,,nt the chemical reactions that occur simultaneously with solid
Sn-Ag intermetallics in the matrix are presented. The results of the giate displacement reactions during the mechanochemical synthes
creep test (the kinetic data as well as microstructural changes) arerpe present model takes into consideration the liquid-solid reacta
compared with the data obtained for samples made of Sn-3.5Ag bulk mixture (Liquid TiCl4 + Solid AICI3 + Solid Reducing Agent CaH2 and
solder alloy. The role of the intermetallics (Cu-Sn and Ag-Sn) in the \i4y in place of the ideal solid-solid combinations considered in
reliability of the solder joints is discussed in view of the creep test Courtney’s model. The kinetics of the synthesis are expressed in ter

WEDNESDAY AM

results. of ‘event probabilities’ which relates to the fractions reacted with
11:10 AM time. In addition, the effect of charge ratio, pre-milling and ball-to-
Reliability of In-Situ Composite Solder Bumps Produced by an powder ratio on the reaction kinetics have been evaluated and experi-
In-Situ Process Jong-Hyun Leg Dae-Jin Park Jong-Tae Mooh mentally verified. The model gives an approximation of the actual
Yong-Ho Led; Yong-Seog Kimi, tHong Ik University, Metallu. and process inside the reactor and allows us to predict changes in reaction
Matls. Sci., Mapo-Gu Sangsu-Dong 72-1, Seoul 121-791 Kérgandai kinetics with changes in processing parameters.

Electronics Company, Device and Semicond. Rsch. Div., Ichon 467- g.55 anm

701 Korea

_ _ . ) Synthesis of a Low Density Ti-Si-Al Alloy Mutlu Cavusoglg

With the ever-increasing heat release rate per unit volume of theOIeg N. Senkoy F.H. (Sam) Frods 'University of Idaho, IMAP,
electronic device associated with the employment of smaller size sol- \gines Bldg. R321, Moscow, ID 83844-3026 USA
der balls in recent packages such as in Chip Scale Packages, thermal A |ow density Ti-Si-Al alloy was synthesized by blended elemental
stability of the solders is crucial for the reliability of the electronic (BE) powder approach in conjunction with mechanical alloying (MA)
devices. In this study, Sn-Pb or Sn-Ag matrix composite solders rein- 5nq heat treatment. Some amount of titanium hydride (TiH1.924) was
forced with CySn; dispersoids, which was formed via an in-situ reac-  plengded with titanium in order to avoid the use of process control
tion process between Cu powder and the molten solder, were produced,gent (PCA) and contamination caused by it. Nature of phase transfor-
The ingots were hot rolled into thin sheets and from which disks were 5ti0ns taking place in the system during heating was studied utilizing

punched-out. The solder _disks were remelted in_ a column of silicon oil differential thermal analysis (DTA) and X-ray diffraction technique
to form solders balls. Microstructural observation of the solder balls
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(XRD). It was found that after annealing the blended elemental powder went through a maximum when strain rate decreased. The elongation
even at 115UC, some silicon, aluminum and titanium still remained in of 165% was achieved at 90D and 405% at 120C. The strain rate
elemental form in addition to the Ti5Si3 and TiAl phases present in sensitivity of the flow stress increased with temperature from 0.16 to
the system. However after 15 hours of MA, TiH1.924, Ti, Si and Al 0.30 within the temperature range studied, and it only slightly de-
were present in an amorphous phase which resulted in wide, fused XRDpended on strain rate. The activation energy of the plastic flow was
peaks. Formation of Ti5-Si3 was observed around®@2khile heating determined to be Q=347 kJ/mol. Because of microstructural features
up to 500C. Decomposition of the amorphous phase was observed resulted from mechanical alloying, the deformation was non-homoge-
after heating up to 66C and resulted in formation of TiAl and fur- neous that led to the non-superplastic behavior of the alloy at low
ther formation of Ti5Si3 phases. Some amount of titanium was still deformation temperatures. With increasing the deformation tempera-
present in the system. After annealing at 1°X500only two stable ture up to 1100-120C€ improvements in the microstructural homo-
phases, Ti5Si3 and TiAl were present in the alloy and were stable geneity occurred resulting in substantial ductility improvement.

during subsequent cooling or heating of the alloy.

10:50 AM
9:20 AM Mechanical Modeling of Diffusion Bonding at a Periphery Part
Effect of Cr Substituted for Fe on Resistivity and Tensile Prop- of Two Flat Disks Out of Ti-6Al-4V Alloy: V. K. Berdint; E.
erties of Ti-Fe-Cr Alloys: Masahiko lkedg Shin-ya Komatsy Evantelistd; !Institute for Metals Superplasticity Problems, 39
Koichiro Inoué; Hiroyuki Shiotd; Toru Imosé; Kansai University, Khalturin St., Ufa 450001 Russi&Jniversity of Ancona, Mech. Dept.,
Dept. of Matls. Sci. and Eng., 3-3-35, Yamate-cho, Suita, Osaka 564- Anacona ltaly
8680 Japan It is known that Diffusion Bonding (DB) mainly depends on tem-

Beta phase stability and tensile properties were investigated on Ti-perature, time and stress applied on local volume of joining surface. In
Fe-Cr alloys having constant e/a, 4.28 in solution treated and quenchedaddition, the interrelations between loading scheme and stress state
(STQed) state through resistivity measurement and tensile test. In theresulted on the area to be joined, affects microstructure and mechani-
STQed state, resistivity and Vickers hardness decreased with increasingal properties of the bonded product. Diffusion bonding at periphery
Cr substituted for Fe, though maintaining negative temperature depen-of two Ti-6Al-4V flat discs, 190.0 mm in diameter and 4.0 mm in
dence of resistivity. From these results, it is considered that beta phasehickness, was conducted in a vacuum furnace at®3Binite element
stability increased with addition of Cr as a substitute for Fe. With modeling, FEM, (ANSYS 5.3), was used to predict the stress-strain
addition of Cr, though tensile strength slightly decreased down to state on the joining zone. Material properties were determined by a
about 900MPa, elongation increased up to about 20%. Balance be-visco-plastic constitutive law derived from mechanical tests. On the
tween the tensile strength and the elongation was improved by addi-basis of FEM analyses, microstructural and fractography and mechani-
tion of Cr. cal investigations of the welded zone, the interrelation between load-
9:45 AM Break ing scheme and properties of the formed joint was established.

10:00 AM
Microstructural Properties of Low Density Ti-Mg-Si Alloy : Mutlu

Cavusogli Oleg N. Senkoy F.H. (Sam) Froés University of Idaho, Rare Earths and Actinides: Science
IMAP, Mines Bldg., Rm. 321, Moscow, ID 83844-3026 USA !

A low density Ti-Mg-Si alloy was produced by hot isostatic pressing TeChn0|09y and App”CatiOHS IV: Rare
(HIP) of mechanically alloyed (MA'd) powders and blended elemental Earths | Extraction

(BE) powders. Ti, Mg and Si were blended in the weight proportion of . L .
20:3:2 respectively. In some experiments a mixture of Ti and TiH1.924 Sponsored byLight Metals Division, Reactive Metals

was used in order to eliminate the use of process control agent (PCA),Committee
stearic acid, and contamination caused by it. HIP’ing was performed atProgram OrganizersRenato G. Bautista, University of

700°C, 30 ksi for two hours. After MA, a supersaturated solid solution Nevada-Reno, Department of Chemical and Metal Engineer-
of Mg and Si in Ti or Ti + TiH1.924 (in batches where TiH1.924 was ing, Reno, NV 89557-0136 USA: Brajendra Mishra, Colorado

used) was produced and a nanocrystalline structure was formed. XRD . . .
phase analysis of HIP'd compacts of BE powders revealed Ti and Mg- School of Mines, Kroll Institute for Extractive Metals,

2Si as the major phases. However only a titanium phase was present ifsolden, CO 80401-1887 USA
HIP'd compacts of MA'd powders. Annealing up to 1360was car-
ried out using DTA, resulted in Ti, Ti5Si3 and MgO in both compacts. Wednesday AM  Room: Lincoln E
Optical (OM) and transmission electron microscopy (TEM) was used March 15. 2000 Location: Opryland Convention Center
for microstructural analysis. TEM analysis showed very fine nanom- !
eter sized grains structure in HIP'd and annealed compacts produced ) . . . .
from MAd powders. The results obtained showed a possibility of pro- Session ChairsRenato G. Bautista, University of Nevada,
duction of a low-density titanium alloy with high concentrations of Metallu. and Matls. Eng., Reno, NV 89557 USA; K. Osseo
magnesium and silicon with a nanocrystalline structure. Mechanical Asare, Pennsylvania State University, Dept. of Matls. Sci.
properties of the alloy are being investigated. and Eng., University Park, PA 16802 USA
10:25 AM
Mechanical Properties of a Nanocrystalline TiAl Alloy Pro-
duced by Mechanical Alloying and Hot Isostatic Pressing O. N.
Senkoy, M. R. Shagie¥ G. A. Salishchey F. H. (Sam) Froés Uni-
versity of Idaho, Instit. for Matls. and Adv. Process., 321 Mines Bldg.,
Moscow, ID 83844-3026 USA?nstitute for Metals Superplasticity
Problems, Russian Acad. of Sci., Ufa 450001 Russia

A Ti-47AI-3Cr (in at.%) alloy with a grain size of 140nm was
produced by hot isostatic pressing at 95mf an amorphous mechani-

8:30 AM
Robert Bunsen and the Rare Earth Industry Fathi Habashi;
iLaval University, Dept. of Min. & Metallu., Quebec City G1K7P4
Canada

Robert Bunsen (1811-1899) the German chemistry professor most
famous for the burner, he invented and now used in most laboratories,
played an important role in initiating the rare earth industry. Bunsen’s
cally alloyed powder. The compact was then annealed at®@0 laboratory was a meeting place for chemistry students fr_om all over

Europe. Two students who came to Bunsen played a particular role in

"i'grﬁgielzsriéz;ir:iglsnr?seifiezn\(/jvecrgtsltnuélizfj Swaim?r:ez {gr;tzr:z;{i;iztrzngthe history of the rare earths. They were Jons Fridrik Bahr (1815-
prop P 9 1875) from Uppsala and Carl Auer (1858-1929) from Vienna. The

i 1
of 80CC to 1200C and strain rate range of 8x10 1.7x16 s. The first brought with him samples of rare earths’ minerals for analysis by

deformation curves were typical to the high temperature behavior of Bunsen’s newly invented spectroscone. The second was asked by Bun-
the material, with hardening, softening and steady-state stages. Elon- Y P pe. Y

. : . . ; d'sen to study further the different spectra of rare earths extracted from
gation of the samples increased with an increase in temperature an
142



gadolinite. On his return to Vienna, Carl Auer took with him samples partially stripped organic can be recovered as a high purity product.
of the minerals to continue his research. Few years later he started th&'he proportions of Nd reporting to the mixed feed and the pure
first rare earth industry. Details of the Swedish contribution, Bunsen’s stream can be adjusted by operating parameters, allowing flexible re-
work, and Carl Auer’s discoveries that led to the industry are outlined. sponse to product specifications and market economics.

9:00 AM 11:00 AM
Recovery of Rare Earths from a Bastnaesite Preconcentrate Waste Reduction in Solvent Extraction Processes Utilizing Pre-
Yavuz Topkaya !Middle East Technical University, Dept. of Metallu.  cipitation Stripping for the Heavy Lanthanides: Peter M. Smith
and Matls. Eng., Ankara, Turkey George K. Schweitzér University of Tennessee, Dept. of Chem., 552

A bastnaesite type rare earth mineral, located in Beylikahir, Tur- Buehler Hall, Knoxville, TN 37996 USA
key, with an estimated ore deposit of 1 million tons, and an average Solvent extraction is widely used for the purification of the lan-
concentration of 3.42 total REO was used in this study. The other thanides. Many industrial processes require large quantities of concen-
constituents of the ore are calcium fluoride (52.5%), barite (25.4%), trated mineral acids to remove the lanthanide ions from the organic
calcite (2.8%) and minor amounts of thorium, etc. The bastnaesite extractant, typically di-(2-ethylhexyl) phosphoric acid (D2EHPA)or
mineral occurs either as cement material between fluoride and baritemono-2-ethylhexyl-(2-ethylhexyl)-phosphonic acid (MEHEHP). The
particles or is intimately associated with these minerals. The rare aqueous lanthanide solutions are subsequently neutralized and the lan-
earth elements are enriched considerably in sub-sieve sizes. The tradithanides are precipitated as the oxalates. This process generates large
tional concentration and hydrometallurgical methods were not suit- volumes of neutralized acid waste. Precipitation stripping has the po-
able for the production of marketable bastnaesite concentrate andtential to reduce the acid consumption in solvent extraction pro-
other products. A rare earth preconcentrate with 23.5% REO with a cesses, thereby greatly reducing the quantities of waste produced. Strip-
recovery of 77.5% was prepared by attrition scrubbing and desliming ping by precipitation has been investigated for the removal of lan-
by cyclones. The beneficiation of fluoride and barite minerals was thanide ions from D2EHPA and MEHEHP. Previous studies have dem-
carried out by applying various physical concentration methods. onstrated the feasibility of oxalate precipitation stripping for the light
Sulphuric acid baking and subsequent water leaching were used for thdanthanides. This study describes the precipitation stripping charac-
extraction of rare earths from the preconcentrate. Rare earth leachteristics of the heavy lanthanides, particularly lutetium, from D2EHPA
recoveries up to 90% were readily obtained. and MEHEHP solutions using saturated aqueous solutions of oxalic
acid. The study also addresses the feasibility of a precipitation strip-

9:30 AM ing circuit in an industrial solvent extraction plant
Decomposition of Xenotime with Carbon Tetrachloride: Ki- ping P '
netic and Microstructural Studies: Evandro Batista Augustp 11:30 AM

Herenilton Paulino Oliveird 1Sao Paulo University, Chem. Dept., Cell Design for the Electrolysis of Neodymium Oxide Rudolf
Faculdade de Filosofia Ciéncias e Letras de Ribeirdo Preto, Av. Kellerl; EMEC Consultants, 4221 Roundtop Rd., Export, PA 15632
Bandeirantes 3900, Ribeirdo Preto, S&o Paulo 14040-901 Brazil USA

Among the rare earth minerals, fluorides, phosphates and oxides The electrolysis of neodymium oxide is an effective way to produce
have been deserving attention for rare earth industry. Traditional meth-high-quality neodymium metal and alloys. The process chemistry is
ods of decomposition of these minerals, usually alkaline or acid pro- similar to that of the commercial electrolysis of aluminum oxide, but
cesses, involve several operations. Another possibility to obtain lan- there are also significant differences, such as increased tendencies to
thanides chlorides or oxychlorides is reacting the mineral with chlori- product reoxidation, sludge formation and emission of perfluorocarbo
nating agents (chlorination), like gaseous chlorine, hydrogen chloride, gases. Related difficulties have been controlled successfully in 100-
thionyl chloride and carbon tetrachloride, reducing the operations experiments which extended over 96 hours and produced acceptal
costs and making the process less complicated. In this context, weyields of nheodymium-iron alloy, without the emission of any CF4 or
investigated the decomposition of xenotime (Y,P0Osing carbon tet- C2F6. Water model studies suggested special cell design features
rachloride at temperatures from 873 K to 1173 K, and kinetic and keep the electrolyte vigorously agitated in the anode area, while kee
mechanistic studies have been performed. The experimental apparatusng agitation in the cathode area low.
for the essays included horizontally electric tubular furnace and a sys- ., ..
tem to control the gases fluxes. Powder X-ray diffraction, SEM, EDX, 12'90 PM . . . . .
UV/Vis transmission spectroscopy, FTIR, thermal analysis techniques Cerium .OX|de _Part|c|es mn Aqueogs Slurries for Cheml_cal
were used in this study. The results show that the reaction follows theMech‘anlca_I Polishing (CMP): Solution and Su_rface Chemical

’ Considerations K. Osseo-Asare P. Suphantharida Penn State

shrinking-unreacted-core model with a formation of a product layer . : ) . )
(YOCI, confirmed by powder XRD). Moreover, significant micro- University, Dept. of Matls. Sci. & Eng., University Park, PA 16802

structural changes of xenotime grains during the chlorination reaction

were not verified. This work was supported by FAPESP under grant . Cer|a (CeQ), in the ‘form of d|_spersed part_|cles N aqueous sol_uthn,
1997/05779-1. is an important abrasive material for chemical-mechanical polishing

(CMP) of glass and silicon nitride surfaces. Recently, the use of ceri
10:00 AM Break has been extended to CMP applications in microelectronics techno
ogy. In spite of the growing use of ceria slurries, the polishing action o
this material is still little understood. In this presentation, aqueous
stability diagrams for the systems Ce&H Si-H,0, and Si-N-HO,
coupled with zeta potential data derived from the electrophoretic
mobility of ceria particles in the presence and absence of silicate ions,
are used to elucidate the interaction between ceria particles in CMP
slurries and surface films on silica and silicon nitrides.

WEDNESDAY AM

10:30 AM
Direct Production of Mixed, Rare Earth Oxide Feed for High
Energy-Product Magnets Fiona M. Doylé; Mark G. Benz Juliana
C. Shet; Ding Shan Bay Ni De Zhen; !University of California at
Berkeley, Dept. of Matls. Sci. and Eng., 551 Evans Hall #1760, Berke-
ley, CA 94720-1760 USA2GE Corporate Research and Development,
One Research Circle, Building K-1, Niskayuna, NY 12309 USA
Conventional rare earth purification processes produce pure, single
elements or compounds. For manufacturing high energy-product mag-
nets containing Pr, Nd, and some Ce, it would be preferable to produce
mixed rare earths of the appropriate composition directly. A new
solvent extraction configuration allows this. After separating Sm and
higher rare earths, aqueous feed containing light rare earths undergoes
solvent extraction with cation exchange or solvating extractants. Pr,
Nd and a fraction of the Ce appropriate for the final application is
extracted. La and residual Ce are recovered from the raffinate. The
loaded organic undergoes selective stripping, yielding an aqueous stream

containing Ce, Pr, and some of the Nd. The Nd remaining in the
143
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Research and Development Efforts on
Metal Matrix Composites: Mechanical

Behavior of MMCs

Sponsored byJoint ASM-MSCTS/TMS-SMD Composites
Committee ; Young Leaders Committee

Program Organizers:John J. Lewandowski, Case Western
Reserve University, Department of Materials Science and
Engineering, Cleveland, OH 44106 USA; Warren H. Hunt,
Aluminum Consultants Group Inc., Murrysville, PA 15668
USA

Wednesday AM Room: Bayou A
March 15,2000  Location: Opryland Convention Center

Session ChairsDaniel B. Miracle, US Air Force, Matls. and
Mfg. Direct., Wright Patterson AFB, OH 45433 USA; Carl
Boehlert, Johns Hopkins University, Dept. Mech. Eng.,
Baltimore, MD 21218 USA

8:30 AM Invited
Mechanical Behavior of Particle Reinforced Metal Matrix Com-
posites-An Overview Nikhilesh Chawl& !Arizona State Univer-
sity, Dept. of Chem., Bio, and Matls. Eng., Tempe, AZ 85287-6006
USA

Metal matrix composites (MMCs) offer several advantages over
conventional monolithic alloys. The enhanced mechanical proper-
ties, which result from incorporation of high modulus particles into a
metallic matrix, are of interest for many applications. This talk will
provide a broad overview of the mechanical behavior of particulate
reinforced metal matrix composites, with an emphasis on SiC particle
reinforced Al alloys. In general, strengthening in these materials stems
from a combination of classical composite strengthening (direct
strengthening) and changes in matrix microstructure and deformation
characteristics (indirect effects) which arise from the presence of the
reinforcement. The influence of reinforcement volume fraction and
size on the mechanical behavior of the composites will be described.
The effects of matrix microstructure (e.g., precipitate size, spacing,

Laboratory, Matls. and Manufact. Direct., 2230 Tenth St., WPAFB,
OH 45433-781 USA2University of Michigan, Dept. of Matls. Sci. and
Eng., 2300 Hayward St., 2026 H.H. Dow Bldg., Ann Arbor, Ml 48109
USA; 3Defense Evaluation and Research Agency, Sunbury on Thames,
Middx TW167LN UK

Continuous SiC fibers used in titanium matrix composites often
have an outer carbon coating of less than 5 mm in thickness. This
coating has been identified as the common initiation location for
composite failure in tension transverse to the fiber axis. A series of
three carbon coatings were deposited using chemical vapor deposition
while varying the SiC monofilament temperature. The microstruc-
tures of these fibers were examined using optical microscopy, scanning
electron microscopy, and transmission electron microscopy. Trans-
verse tensile tests on single-fiber composite samples revealed that the
stress required to cause debonding of the fiber from the matrix was not
significantly affected by deposition temperature. Adhesion experi-
ments showed an increase in bond strength of the SiC-C interface with
temperature. The increase in deposition temperature correlates with
increased crystallographic texturing of the carbon coatings. In trans-
verse tension, the carbon coating with the lowest SiC-C interface
strength failed at this interface, and the coatings with more highly
textured carbon failed within the coating.

9:40 AM
Tribological Evaluation of Various Aluminum Metal Matrix
Composites Paul J. Huang Wen-Sheng Chu US Army Research
Laboratory, Weapons & Matls. Rsch. Direct.,, AMSRL-WM-MC, Ab-
erdeen Proving Ground, MD 21005-5069 USAphns Hopkins Uni-
versity, 3400 N. Charles St., Baltimore, MD 21218 USA

The military is currently facing substantial hurdles as it seeks to
improve fuel economy, reduce weight and increase performance of its
ground vehicles. Advanced technology and materials will be required to
meet these challenges. In particular, a number of potential engine
applications where wear and weight are critical issues can be addressed
with the introduction of aluminum metal matrix composites (Al MMC’s
Aluminum metal matrix composites reinforced with ceramic particu-
lates have higher wear resistance and higher temperature capability
than monolithic aluminum alloys. Unfortunately there is limited wear
data on these new materials. Block-on-Ring tests, and other mechani-
cal and thermal properties measurements have been made on various
Al MMC'’s (i.e. 6061/SiCw/20%, 2014/SiCp/15%, A359/SiCp/10%,
2014/A1203p/15%), and monolithic aluminum alloys (i.e. 6061 and
2014). The scope of work is to develop a database of wear properties
on Al MMC'’s and monolithic alloys to assist future system designs
where wear resistance is a critical factor.

and distribution) on the mechanical response of the composites, as
well as mechanical behavior at elevated temperatures will be discussed10:00 AM

9:00 AM
Plastic Strain-Controlled Fatigue of SiC Particulate Reinforced
Al Composites at Room and Elevated Temperature Jenn-Ming
Yand; Nanlin L. Han; Z. G. Wang; University of California, Matls.
Sci. and Eng., Los Angeles, CA 90095-1595 US®tate Key Labora-
tory of Fatigue and Fracture for Materials, Instit. of Met. Rsch., Chi-
nese Acad. of Sci., 72 Wenhua Rd., Shenyang 110015 PRC

The low-cycle fatigue lives and cyclic stress response characteris-
tics of SiC-particulate reinforced aluminum composites with different
particulate volume fraction have been investigated at room and el-
evated temperature. The specimens were cyclically deformed with
fully-reversed loading under plastic-strain amplitudes. The dislocation
substructure developed during cyclic deformation was examined by
TEM. The results show that the unreinforced aluminum exhibited
initial cyclic hardening, cyclic stability and secondary hardening at
room temperature and cyclic softening elevated temperature, while
the composites showed gradual softening over most of the fatigue life

both at room and elevated temperature. The differences in dislocation

substructure obtained from processing and its developments under cy
clic strain loading were considered to give rise to the observed phe-
nomena.

9:20 AM

Microstructural and Mechanical Characterization of Carbon
Coatings on SiC Fibers:Dr. Kevin L. Kendig; Dr. Ronald Gibalg
Dr. Daniel B. Miraclé; Dr. Robert A. Shatwelj *Air Force Research

Fracture and Fatigue of Nb5Si3/Nb Composites D. Padhi; S.
Solv'yeVt; W. Zinsset; John J. Lewandowski !Case Western Reserve
University, Dept. of Matls. Sci. and Eng., The Case School of Eng.,
Cleveland, OH 44106 USACessna Aircraft, Wichita, KS USA

The fracture toughness and fatigue crack growth behavior of Nb5Si3/
Nb composites have been determined over a range of test temperatures
and conditions. The effects of changes in test temperature froAC196
to 500°C on the fracture toughness have been determined on both
binary Nb-Si alloys as well as multi-component Nb-Si alloys. In addi-
tion, the effects of changes in R-ratio and test temperature on the
fatigue crack growth behavior have been determined. Quantitative
fractography has been utilized to relate the effects of chang&sKin
R-ratio and test temperature on the fatigue crack growth rate.

10:20 AM Break

10:30 AM

Deformation and Fracture of a WNiFe Alloy in the Tempera-

ture Range—100C to 300°C: Robert G. O’'Donnell !Alloy De-
velopment Group, CSIRO Manu. and Sci. Tech., Private Bag 33, Clayton

Sth MDC, Victoria 3169 Australia

Liquid phase sintered W-Ni-Fe alloys comprise a semicontiguous,
spheroidal, tungsten rich phase surrounded by a Ni-Fe rich matrix
phase. In this work, the fracture behaviour of a 95wt%W 3.5wt%Ni
1.5wt%Fe alloy, deformed in tension at temperatures in the range
100°C to 300C, is investigated. The four principal fracture mecha-
nisms within this alloy are: (i) intergranular fracture between tungsten
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spheroids, (ii) interfacial fracture between the tungsten spheroids andattainment of significant plastic strains during forming processes. This
the matrix material, (iii) rupture of the matrix material and (iv) paper will deal with analysis of the local stress states in hydrostatic
transgranular fracture of the tungsten spheroids. The contribution to extrusion and their relation to damage accumulation. The results will
the fracture surface from each of these fracture mechanisms is deterbe considered in terms of experimental data both for Cu-W composites
mined to vary with test temperature. This variation is explained in and Al based MMC'’s.

terms of the relative strengths of the individual fracture mechanisms, , .. .

and how these are related to the temperature dependence of the rov\:/L]"50 AM  Closing Remarks
stress of each phase. Below the ductile to brittle transition tempera-12:00 PM

ture for the tungsten phase, all fracture mechanisms are well repre-MMC Symposium Poster Session and Luncheon
sented in the fracture surface whilst above the ductile to brittle transi- Box Luncheon tickets required.

tion temperature for this phase, fracture is primarily through tungsten

cleavage. Intergranular fracture between tungsten spheroids during

straining prior to final rupture results in the presence of cracks within

the specimen. The _role‘of these intemal cracKs in determining the Research and Deve|opment Efforts on
final rupture mechanism in these alloys is also discussed. Metal Matrix Com OSiteS' POSter
10:50 AM P )

Damage Evolution by Interface Decohesion during Tensile De- SeSS|On on MMCS
formation of an Al2080/20 vol.% SiC Metal Matrix Composite Sponsored byJoint ASM-MSCTS/TMS-SMD Composites
Robert David Evarls James Douglas Boyd Queen’s University, Committee: Young Leaders Committee

Matls. and Metallu. Eng., Kingston, Ontario K7L4N6 Canada . . .
An MCC of Al2080 reinforced with 20 vol.% of 3 um SiC particu- Program OrganlzersJohn J. Lewandowski, Case Western

late was prepared by powder processing and hot extrusion. This al-Re€serve University, Department of Materials Science and
lowed the effects of interface structure and decohesion to be studiedEngineering, Cleveland, OH 44106 USA; Warren H. Hunt,
independent of the effects of particle cracking. Damage evolution Aluminum Consultants Group Inc., Murrysville, PA 15668
during tensile testing to the point of fracture was studied by measuring yga

1) density, 2) area fraction of voids resulting from interface decohesion

and 3) fraction of decohered particles. The latter 2 measurements

were made on samples sectioned and imaged by focused ion beanyVednesday AM —Room: Bayou A

microscopy (FIB). Transmission electron microscopy (TEM) of the March 15,2000  Location: Opryland Convention Center
near-interface region revealed that plastic strain is concentrated in 1-

2 grain widths adjacent to the particles, and the decohesion mecha-gagsion ChairsWarren H. Hunt. Aluminum Consultants

nism is failure through a 20-40 nm thick amorphous Si-Mg-Al-O layer . . .
at the interface. The damage measurements were fitted to existingGroup' Murrysvnle, PA 15668 USA; John J. Lewandowski,

models as follows: 1) area fraction of voids to the Seetharaman andCase Western Reserve University, Dept. of Matls. Sci. and
Semiatin model up to a maximum value of 1-2% at fracture, 2) frac- ENng., Cleveland, OH 44106 USA

tion of decohered particles to the Whitehead and Cline model up to a
maximum value of ~ 40% at fracture, and 3) number of decohered
particles/area to the Sun model to calculate an interfacial strength Owaadh B. Pandey Daniel B. Miraclé; Cory A. Smith: Thomas J.

200-300 MPa. Watsort; !UES Inc., Matls. and Process. Div., 4401 Dayton-Xenia
11:10 AM Rd., Dayton, OH 45432 USRAIr Force Research Laboratory, Matls.
Experiments and Numerical Calculations on Damage in Al/ and Manu. Direct., 2230 10th St. Ste. 1, Wright-Patterson Air Forcq
AI203 Model Composites Partha Ganguly;, Warren James Podle Base, Dayton, OH 45433 USADWA Aluminum Composites, 21130
1University of British Columbia, Dept. of Met. and Matls. Eng., 6350 Superior St., Chatsworth, CA 91377 US#ratt & Whitney, 400
Stores Rd., Vancouver, BC V6T1Z4 Canada Main St., East Hartford, CT 06108 USA

The goal of this work was to systematically study the initiation and Considerable effort has been made in the past to understand t
accumulation of damage in a model two-phase material. The damageaging response of discontinuously reinforced aluminum (DRA) com
process was examined as a function of the spacing and the geometriposites with precipitation hardened aluminum alloys as a matrix mate
arrangement of the reinforcing phase. A model composite system wasrial. It has been well documented that the composites show accelerat
fabricated from AA6061 and sapphire fibers (alumina fibers, 1 mm in aging behavior as compared to the unreinforced alloy due to the e
diameter). The composite was prepared by infiltrating an array of hanced dislocation density resulting from the coefficients of therma
sapphire fibers with the liquid aluminum alloy. The volume fraction expansion (CTE) mismatch between matrix and ceramic reinforce|
and geometric arrangement of the fibers was maintained during castingments. In this study, attempts are being made to understand the agi
by graphite spacers. The resulting composites were loaded in comprescharacteristics of a relatively new class of materials: Al-Sc-Mg alloy|
sion perpendicular to the fiber axis and the pattern of damage wasand Al-Sc-Mg/15 vol.% SiC composite, made by a powder metallurg
monitored during deformation. In addition to the experiments, finite approach, to provide improved strength-toughness relationships. The
element method calculations were conducted using LS-DYNA. In these influence of aging on the microstructure, hardness, and tensile proper-
calculations, the effect of damaged fibers on the local stress and strainties of these materials will be presented and discussed. Differential
distribution was examined. Experiments showed that extensive dam-scanning calorimetry (DSC) and transmission electron microscopy
age occurs in this system either by fiber cracking or interfacial will be used to evaluate the phases present in the materials.
decohesion. At a given volume fraction of sapphire fibres, the geo-
metric arrangement was found to strongly influence the damage pro-

Aging Characteristics of Al-Sc-Mg Alloy and Its Composite

WEDNESDAY AM

In-Situ Synthesis of Al-Si Alloy and SiC Composite Bangiu
Wu; Ramana G. Reddy 'University of Alabama, Metallu. Eng., A129

cess. Bevill Bldg., P.O. Box 870202, Tuscaloosa, AL 35487 USA

11:30 AM Experimental investigation on synthesis of Al-Si alloy and SiC com-
Some Aspects of Hydrostatic Extrusion of Metal Matrix Com- posites using methane was carried out in the temperature range of 950-
posites D. Lahaié; J. D. Embury; Francis W. Zok McMaster 115C°C. A kinetic model for the rate process was developed. The gas-

University, Matls. Sci. and Eng., 1280 Main St. W., Hamilton, Ontario liquid contact method and temperature have significant effect on the
L8S4L7 Canada2University of Quebec, Chicoutimi, Quebec, Canada; silicon carbide content in the composite. The Al-Si alloy composite
3University of California, Matls. Dept., Santa Barbara, CA USA with 25 wt.% SiC was obtained. The particle size of SiC formed was in
Hydrostatic extrusion represents a method of producing stress stateshe range of 1-1Qum. Reaction products were characterized using
which suppress damage formation in composites and thus allow theoptical microscope, SEM and electron microprobe, and micro image
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analyzer. Calculated SiC formation rate agrees well with experimental posed of 50~71vol% SiC particles were fabricated by ball milling and
results. pressing method. SiCp/Al MMCs were fabricated by an infiltration of
Al melt into SiC particle preforms using the pressure infiltration cast-
ing process. Thermal conductivities and coefficients of thermal ex-
pansion (CTE) of SiCp/Al MMCs were characterized with varying the
volume fraction of SiC particles, content of inorganic binder and po-
rosity using laser flash method and thermomechanical analysis, re-
spectively. Thermal conductivity decreased from 177W/mK to 120W/
mK and CTE decreased from 10ppm/K to 6ppm/K with increasing the
volume fraction of SiC particles in SiCp/Al MMC from 50vol% to
71vol%. The measured coefficients of thermal expansion were in good

Wear Behaviour, Microstructure and Dimensional Stability of
As’Cast Zinc-Aluminum/SiC(MMC) Alloys : Rafael Auras Carlos
Enirique Schvezdy University of Misiones, Faculty of Sci., Azara
1552, Posadas, Misiones 3300 Argentina
Zinc-Aluminum alloys and composites were cast and their micro-
structure, dimensional stability and wear properties were determined
and analyzed. Five different alloys containing Silicon, Copper and
Silicon Carbide particles were employed. The cast alloys were tested
for a period of 1000 hr at 166 and the results show that the five . - :
; . . . ; agreement with the calculated coefficients of thermal expansion based
different alloys and composites were dimensional stable during the ,
; - . on Turner’s mode.

whole test. The wear test were performed using a pin-on-disc appara-
tus under dry and lubricated conditions. The charges used were 5 and ®irect Deposition of Laminated Metal-Matrix Composites by
Kg, the velocity was 250 rpm (2m/s) and the test time was 1 hr. The Laser Cladding Process Kali Mukherjeé; Y. P. H4; C. W. Chef
wear test results show that under dry conditions there was considerableMichigan State University, Matls. Sci. & Mech., and Comp. Matls.
lost of material, particularly in the non-reinforced alloys. In addition, and Struct. Ctr., High Energy Laser Process. Lab., East Lansing, Ml
the non reinforced alloys presented substantial local plastic deforma-48824 USA
tion and transfer of elements from the disc to the sample. Laser cladding technique has been employed to directly deposit
laminated metal matrix composites (LMMCs). By using optimized
processing parameters associated with 3-D geometric components,
alternate 304L stainless steel, and CPM10V tool steel layer compo-
§1ents have been successfully produced. The prototypes on steel sub-
strates are found to be relatively smooth and metallurgically sound.
Optical micrographs displayed that LMMC samples are free of pores

Ln., Cinnaminson, NJ 08077 USA . . .
; . . . and cracks, and have a good metallurgical bonding with the substrate,
The thermo-mechanical behavior of 2080 Al/SiCp composites was . — . .
but with a low dilution. Laminated layers have discrete and serrated

investigated by mechanical spectroscopy. The thermal fatigue behav-. S _, . L
. . : interface to maintain both original chemical compositions, and me-
ior, between 100 K and 400 K, was studied by mechanical loss and . . . .
. . - chanical and physical properties for each cladding layer. The hardness
dynamic shear modulus measurements. A transient mechanical loss . )
; ; ) S of LMMC layers of stainless steel 304L and tool steel CPM10V is
maximum was observed during cooling near 150 K, that originates

from relaxation of thermal stresses due to the differential thermal about 300 Hv and 750 Hv, respectively. Processing parameters, and

: ) - . ) . _properties associated with this study will be discussed in detail.
expansion between matrix and reinforcement. Decreasing particle size
resulted in a decrease in the damping maximum and in improved di- Fracture and Fatigue of Al-Be Composites S. Solv'yeV; J. Larosg
mensional stability during thermal cycling. Finally, by keeping the R. Castrg, John J. Lewandowski !Case Western Reserve University,
volume fraction and particle size constant, the matrix microstructure Dept. of Matls. Sci. & Eng., The Case School of Eng., Cleveland, OH
was varied to study the effect of precipitate and dislocation distribu- 44106 USA;2Los Alamos National Laboratory, Los Alamos, NM 87545
tion on stress relaxation around the reinforcement. The effect of USA

Thermo-Mechanical Characterization of 2080 Al/SiCp Com-
posites by Mechanical Spectroscopy TechniqueEfrain Carrefio-
Morelli; Nikhilesh Chawlg Robert Schallér !Ecole Polytechnique
Fédérale de Lausanne, Institut. de Génie Atomique, Lausanne CH-101
Switzerland;2Hoeganaes Corporation, Rsch. and Dev., 1001 Taylors

inclusion size and matrix microstructure on the microplasticity near The fracture toughness and fatigue crack growth behavior of Al-Be
the interfaces induced by thermal and mechanical stresses will be dis-composites are being determined under a variety of test conditions.
cussed. Fracture toughness is being determined on both notched and fatigue

precracked specimens, while fatigue crack growth behavior is being
measured at different R-ratios. The effects of test conditions on the
fracture toughness and fatigue crack growth behavior will be summa-
rized in addition to both optical and SEM examination of the fracture
path and fracture surfaces.

Experimental and Numerical Examination of the Consolida-
tion of Composite Powders in Pressure Cycling Guangbin
Jiang; Weidong Wu4; Robert H. Wagonéy Glenn S. Daehin 1The
Ohio State University, Matls. Sci. and Eng., 477 Watts Hall, 2041
College Rd., Columbus, OH 43210 USA

Powder consolidation of MMC's under cyclic pressure has been Densification and Flow Stress Evolution Processing Model For
previously shown to produce significantly higher densities in mixed Discontinuously Reinforced Aluminum (DRA) Composites
powders when the two powders have dissimilar compressibilities. SmallerErik J. Hilinskiz; Thomas J. Rodjof Paul T. Wang John J.
effects when the reinforcement content is small, and large enhance-Lewandowskj !Case Western Reserve University, Dept. of Matls. Sci.
ments are possible at high ceramic loadings. This is a complex processand Eng., Case School of Eng., Cleveland, OH 44106 US/A. Steel
that involves many mechanisms including pressure-change inducedResearch Center, Monroeville, PA US#lcoa Technical Center, 100
plasticity, powder rearrangement and frictional sliding. In order to Tech. Dr., Alcoa Ctr., PA 15069-0001 USA
remove the effects of powder rearrangement and consider the defor-  The current processing technology in the realm of discontinuously
mation behavior only, closely-packed macro-sized aluminum and steelreinforced aluminum (DRA) materials generally employs a two step
rods studied in cyclic compaction. The finite element code, ABAQUS forming sequence whereby a powder compact (powder-void aggregate)
was employed to simulate the densification behavior under static andis consolidated to full density and then extruded or forged into a desired
cyclic pressure. From simulations it is shown friction between particles component shape. In order to combine the consolidation and shaping
has great effect on densification under cyclic pressure. Data obtainedoperation into one processing step, an analytical description of the
from the simpler arranged rods are compared with powder consolida-thermomechanical behavior of porous materials that provides an un-
tions and both are compared to simulations. These are discussed in theerstanding of the key densification mechanisms and processes in
context of determining the relative contributions of plasticity, fric- powder consolidation is desired. A constitutive model of porous mate-
tion and rearrangement in powder consolidation. rial densification and plastic flow, imbedded within a finite element
model, would prove to be a useful tool in aiding the design of both die
and preform; a key element in consolidating and shaping porous mate-
rial into void-free products with one operation. This poster presents
the efforts to develop the densification and flow stress evolution pro-
cessing model. A porous yield criterion based on the Gurson
micromechanical model, as modified by Tvergarrd, Richmond and
Smelser, and Wang, is used to predict the densification response of the
powder processed composite material. Ex-situ density measurements,

146

Fabrication Process and Thermal Properties of High Volume
Fraction SiCp/Al Metal Matrix Composites: Hyo Soo Let Soon
Hyung Hong; 'Korea Advanced Institute of Science and Technology,
Matls. Sci. and Eng., 373-1 Kusung-dong, Yusung-gu, Taejon 305-701
Korea

Fabrication process and thermal properties of high volume fraction
ranged 50~71vol% SiCp/Al metal matrix composites (MMCs) for elec-
tronic packaging applications have been investigated. Preforms com-



147

via the archimedean densitometry method, have been used to track thevork was performed for the United States Department of Energy by
variation of porosity and have also been used to determine porositylowa State University under contract W-7405-Eng-82.

evolution in open die uniaxial compression specimens. Yield surfaces
of the monolithic and composite materials used in this investigation

are presented. An attgmpt qt predlctlng the_flow S‘Tess eyolun.on of Jiao Tong University, School of Matls. Sci. & Eng., Shanghai 200030
the DRA material during uniaxial compression testing using single ) 4 ) . -
. ) PRC; 2Southeast University, Dept. of Matls. Sci. & Eng., Nanjing PRC
internal state variable theory has been unsuccessful to date. It appears ; - )
: S . . Although many techniques have been used for producing MMC's,
that the aging characteristics of the matrix material must be taken - - o
. . S the low cost liquid-metal process may be utilized mostly. However, it is
into consideration in order to develop an accurate flow stress evolu- o . - - .
tion descriotion of the material usually very difficult to disperse ceramic particles homogeneously in
P ' liquid metal because of the poor wettability of the particles. High

The Al203p/Zn-Al Composites Fabricated by Ultrasonic Treat-
ment: Wang Ju Sun Baode Shu Guangfi Zhou Yaoh& 1Shanghai

Pressure Effects on Flow and Fracture of Monolithic and Com- intensity ultrasonic treatment has been used to fabricate Al203p/Zn-
posite Materials. P. Lowhaphandy John J. Lewandowski 'Case Al composites in this paper. The minimum diameter of reinforcement

Western Reserve University, Dept. of Matls. Sci. & Eng., The Case used is 0.5 micrometer. The microstructure and mechanical properties
School of Eng., Cleveland, OH 44106 USA are studied. The results show that particles disperse homogeneously

A review of the effects of high pressure on the mechanical behavior with good bonding with matrix and the mechanical properties depend
and deformation processing of both monolithic metals and compositeson the volume fraction rather than the size of reinforcement. The
has recently been completed. This presentation will summarize the effective range of high intensity ultrasonic treatment is studied by
experimental observations that have been made on a variety of differ-experiment and numerical simulation. The mechanism of the ultra-
ent materials systems, including composites. sonic treatment is believed to be the combined effects of the cavita-

Neutron Diffraction Study on the Effect of Reinforcement Vol- tion and acoustic streaming.

ume Fraction and Temperature on Residual Stresses in Fiber Experimental and Numerical Examination of Static Compac-
Reinforced Metal Matrix Composites. Partha Rangaswanty tion Using Model Geometries Weidong WYy Guangbin Jianig Glenn
Hahn Chog Mark A.M. Bourke; Anil K. SaigaP; !Los Alamos Na- S. Daehi Robert H. Wagonér 1The Ohio State University, Matls.
tional Laboratory, Matls. Sci. and Tech., MST-8, LANSCE 12, Los Sci. and Eng., 477 Watts Hall, 2041 College Rd., Columbus, OH 43210
Alamos, NM 87545 USAZ2Los Alamos National Laboratory, Lujan USA
Ctr., Lansce 12, H 805, Los Alamos, NM 87544 USMufts Univer- The deformation behavior of metal matrix composites in cold
sity, Dept. of Mech. Eng., Medford, MA 02155 USA uniaxial compaction was investigated both experimentally and nu-
Pulsed neutron diffraction was used to determine residual elasticmerically using aluminum and steel rods as a model plane-strain sys-
strain and stress in two continuous fiber reinforced metal matrix com- tem. Static uniaxial die compaction was carried out with sets of rods in
posites (MMC's): tungsten fiber reinforced Kanthal, and silicon car- both close-packed and cubic arrays with both mixtures of hardened
bide (SCS-6) reinforced titanium alloy. Residual strains/stresses weresteel and aluminum as well as pure aluminum rods. ABAQUS was em-
determined in tungsten/Kanthal MMC's containing 10, 20, 30 and 70 ployed to simulate the densification behavior, inter-particle friction
percent of fibers by volume ¢/ The focus of this study was to deter- effects and springback behavior during compaction and ejection. The
mine the effect of varying Mof tungsten fibers on the residual stresses pressure-density curves were measured using both closed-hexagonal
at the fiber matrix interface using simple micro-mechanics in the and square-packing arrangements of aluminum and steel rods, elimi-
tungsten/Kanthal MMC'’s. High temperature measurements ranging nating the effects of particle rearrangement and revealing the effec
from 20-1050°C were conducted on a SiC/Ti-6Al-4V MMC to study of plastic deformation evolution up to full density. Investigation showed
stress relaxation effects in the fiber and matrix. In addition, the relax- that inclusions inhibited the densification during compaction. Par
ation of stresses in both the alphhp@nd betaf) phases of the-3 Ti- ticle-interface friction retards the densification in composite compac
6AI-4V matrix material was also determined as a function of tempera- tion, but shows no effect in pure material compaction. Contact preg
ture. These results are presented in order to demonstrate the use afure causes produces significant springback that should be account
neutron diffraction as a technique that is unique in studying this class for in the modeling of powder consolidation. The density-pressurd
of materials. curves from simulation and experiments are very close as are t
deformed shapes of the aluminum. Based on this work, our future wo
will attempt to calibrate the effects of particle rearrangement, mor
phology, size distribution and surface condition. Particular focus will

In this study, the creep behavior at 260of laminated composite be given to composite-powder compac.tlon, an area many expenme
have been done, but careful comparisons between experiment a

consisting of 6061Al alloy layers and 2014Al-20vol%SiC particulate . . S

) . . . . simulation have been limited.
reinforced composite layers was investigated. In spite of the absence
of delamination between the layers, the observed creep rupture timesExplicit FEM Simulation of Powder Consolidation Under Pres-
of the laminated composite were much shorter than those seen for itssure Cycling: X. J. Xirt; P. Jayaraman R. H. Wagoney, G. S.
constituent phases. This behavior is explained with a model based onDaehn; G. Jiang, Kansas State University, Dept. of Mech. and Nuclear
the laminate theory. This work was performed for the United States Eng., 338 Rathbone Hall, Manhattan, KS 66506 USe Ohio State
Department of Energy by lowa State University under contract W- University, Dept. of Matls. Sci. and Eng., 2041 College Rd., Columbus,
7405-Eng-82. OH 43210 USA

Pressure cycling has been shown experimentally to be a viable method
to consolidate composite powders (i.e. metal/ceramic) to higher densi-
ties than can be obtained by normal consolidation procedures. Such
processing can produce composites with higher volume-fraction ce-
ramic content, improved homogeneity and better net shape precision.
Explicit FEM (finite element modeling) was used to simulate systems
of over 50,000 degrees of freedom and tens of loading cycles on a

tests, initial fatigue cracks were in the crack divider orientation in ; e . ;
. . o Pentium workstation in a few days. Particle re-arrangement during
respect to orientation of the layers. Although, there was a significant . . - . -
compaction can also be handled without extra difficulties. Various

increase in the fracture toughness value under pure mode-I loading, due S . : . :
. ) S combinations of materials, particle arrangement, interfacial proper-
to presence of relatively ductile 6061Al layers, this improvement was . ) . ; ) .
L o . . ties, and loading conditions have been investigated systematically.
diminished with increasing mode-Il component for larger mode mixities. . . . .
. b ; . T There is good agreement between simulations and experiments under
The detailed fractographic studies and numerical analysis indicate that . . L . . . .
S . h g ; . monotonic loading conditions, while larger discrepancies exist for cy-
the observed fracture behavior is associated with the interfacial failure

behavior between the layers under mixed loading conditions. This clic Ioadlng. In the range of 0 to .0'3’. increasing fr|ct|or_1 coefficient
leads to slightly decreased consolidation density for a given pressure,

Creep Deformation and Rupture Behavior of Laminated Metal
Matrix Composites: S. B. Bine¥, llowa State University, Ames
Lab., Metallu. and Cer., Ames, IA 50011 USA

WEDNESDAY AM

Mixed-Mode Fracture Behavior of Laminated Metal-Matrix
Composites S. B. Bine}, !lowa State University, Metallu. and Cer.,
Ames Lab., Ames, |IA 50011 USA

In this study, the mixed-mode fracture behavior of laminated com-
posite consisting of 6061Al alloy layers and 2014AI-20vol%SiC par-
ticulate reinforced composite was investigated. During the fracture
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but the effect of friction coefficient becomes negligible above 0.3. pact loading pre-cracked three point bend specimens in a modified
The effect of Poisson’s ratio (from 0.01 to 0.495) is also small. A Hopkinson bar apparatus. The measured load-point force versus load-
higher strain hardening rate, however, results in significantly lower point displacement curves are used to, (a) estimate the energy required
compaction density under the same applied pressure. for dynamic crack initiation, and (b) understand the interaction of the
dynamically propagating crack tip with the ductile phase reinforce-
ments. The results indicate that the extrinsically toughened DRA com-
posites absorb significantly greater energy during crack propagation.
The level of extrinsic toughening is affected by the location, volume
fraction and mechanical properties of the ductile phase reinforce-
ments.

Dry Sliding Wear Behavior of Al-3 WT.% Mg Matrix Compos-
ites Reinforced with SiC Particles Manufactured by a Pres-
sureless Infiltration Technique: Yong-Suk Kimy Seung-Hyun King
Hyung-Il Kim?i; Kookmin University, School of Metallu. and Matls.
Eng., 861-1 Chongnung-dong Songbuk-ku, Seoul 136-702 South Ko-
rea

Dry sliding wear behavior of Al-3 wt.% Mg matrix composites
reinforced with SiC particles manufactured by a pressureless infiltra-
tion technique was investigated. Pin-on-disk wear tests under variou

s . . . . .
applied load conditions were carried out using a hardened steel ball as asurface Englneerlng in Materlals SC"
counterpart. The effect of the varying size and volume fraction of the ance |: Coat|ng/|:||ms Properties

carbide particle on the wear was studied. Worn surfaces of the compos- .

ite together with wear debris were also examined with optical and Evaluatlon (PE)'I

electron microscopy. Wear resistance of the composite increased withSponsored by;MateriaIs Processing and Manufacturing
:htle inl\(/:lrltzasg of_the size and volume frgztionthof the reinfortcing [?f_llr- Division, Surface Engineering Committee

icle. Mild abrasive wear was accompanied with low wear rates, while . . . .

massive severe delamination wear rssulted in high wear rates. Subsur-Program OrganlzersSudlpta Seal, Un_lverSIty of Central
face strain of the wearing surface was estimated to correlate the subsurf-10rida, Advanced Materials Processing and Analysis

face deformation and cracking with the wear rate of the composite. Center and Mechanical, Materials and Aerospace Engineer-

Special attention was paid to the role of iron oxide layers formed on ing, Orlando, FL 32816 USA; Narendra B. Dahotre, Univer-

the wearing surface. sity of Tennessee Space Institute, Center for Laser Applica-
Correlation between Hardness and Tensile Properties of Dis-  tions, Tullahoma, TN 37388 USA; Brajendra Mishra,
continuously Reinforced Metal Matrix Composites Yu-Lin Colorado School of Mines, Kroll Institute for Extractive

Shen; Nikhilesh Chawlg *University of New Mexico, Dept. of Mech. Metals. Golden. CO 80401-1887 USA: John Moore. Colo-

Eng., Albuquerque, NM 87131 USAHoeganaes Corporation, Rsch. .
and Dev., 1001 Taylors Ln., Cinnaminson, NJ 08077 USA rado School of Mines, Department of Metallurgy and

Hardness tests are used extensively in quantifying the mechanicaMaterials Engineering, Golden, CO 80401 USA
properties of metallic materials. Good correlation between hardness
and tensile strength have been well documented for many alloys. As\Wednesday AM Room: Canal B
metal matrix composites are generating increased interest from indus-MarCh 15. 2000 Location: Opryland Convention Center
try, traditional hardness testing may serve as a simple and useful means !
of characterizing the composite strength. In this study we attempt to . . . . . .
develop a baseline understanding of the correlation between hardnes$€ssion ChairsV. H. Desai, University of Central Florida,
and strength of discontinuously reinforced metal matrix composites. Adv. Matls. Process. and Ana. Ctr., Orlando, FL 32816 USA;
Aluminum alloys reinforced with various amounts and sizes of silicon A, Kar, University of Central Florida, Schl. of Optics and Ctr.

carbide particles were used. The matrix microstructure in all compos- for Rsch. and Edu.. Orlando. FL 32816 USA
ites was kept relatively constant by a combination of heat treating and ' . !

rolling operations. Tensile tests and the Rockwell B scale hardness
tests were performed. It was found that for composites with small 8:30 AM

reinforcement particles, the hardness value correlated well with tensile Characterization of Fe-Al Weld Overlay Coatings for Use in
strength. For composites with larger reinforcement particles, the hard- High Temperature Sulfidizing Environments: S. W. Banovig J.

ness test overestimated the tensile strength. It is believed that theN. DuPont; A. R. Mardet; !Lehigh University, Dept. of Matls. Sci.
larger silicon carbide particles tend to be fractured during extrusion and and Eng., 5 E. Packer Ave., Bethlehem, PA 18015 USA

tensile testing, which reduces the composite’s overall load carrying Iron-aluminum alloys are currently under investigation for use as
capacity. In hardness tests the predominantly macroscopic compres-corrosion protective weld overlay coatings in reducing environments.
sive load during indentation resulted in the particles being pushed andThese materials are relatively inexpensive, do not exhibit macro- or
significant matrix flow. Thus, particle fracture during indentation was microsegregation, and have better corrosion resistance compared to
not observed. Detailed analyses using finite element modeling were convention Ni-based and stainless steel-type compositions presently
performed to support the experimental results. Other artifacts regard-in use. However, their use is limited due to weldability issues and their
ing applying hardness testing to determining the tensile properties oflack of corrosion characterization in very aggressive environments.
metal matrix composites will also discussed. Therefore, the objective of this research was to examine the sulfidation
behavior of weldable Fe-Al compositions in highly aggressive reducing
atmospheres. The high temperature corrosion behavior in environ-
ments containing oxygen and sulfur was characterized by
thermogravimetric techniques. As-solidified Fe-Al alloys, with 0-20
wt% Al, were isothermally held at temperatures between 500700

for up to 100 hours in a reducing environment. Specially tailored gases
maintained the partial pressure of oxygen and sulfur at each tempera-
ture [p(02) = 1025atm, p(S2) = 104atm]. Post-exposure character-

Dynamic Deformation and Fracture Behavior of Novel Damage
Tolerant Discontinuously Reinforced Aluminum Composites:
Dr. M. Irfant; Dr.V. Prakash Prof. John J. LewandowskiDr. Warren

H. Hunt, JB; 1Case Western Reserve University; Dept. of Mech. and
Aero. Eng., Cleveland, OH 44106 USA&Case Western Reserve Uni-
versity, Dept. Mats. Sci. and Eng., Cleveland, OH 44106 UBW;
Consultants Group, 4530 William Penn Hwy, Murrysville, PA 15668

USA ization of the corrosion reaction products consisted of surface and

Extrinsically toughened DRA composites have been processed to ) . ; S . 5 )
: . . . _cross-sectional microscopy in combination with energy dispersive spec-
enhance their damage tolerance. The dynamic compression behavior : ) ) :
- ) . ) ; . troscopy and electron probe microanalysis. The corrosion behavior of

of the composites is examined by employing the split Hopkinson i, f . S

. . weldable compositions of Fe-Al alloys in an oxidizing/sulfidizing at-

pressure bar. The measured dynamic stress-strain response of the com- . ;
) : ) ; . mosphere was found to be directly related to the aluminum content of
posites is correlated with the macro- and micro- damage mechanisms,

: ) o N )
inferred from post examination of the impacted specimens. The dy- the alloy. For high aluminum compositions (above 7.5 wt% Al), pro

. L . . .7 tection was afforded due to the development of a thin, continuous
namic fracture characteristics of the composites are obtained by im- ; S ) .
gamma alumina scale that inhibited rapid degradation of the alloy.



Increasing the aluminum content of the alloy was found to promote Hard nitride coatings produced by ion beam assisted deposition
the formation and maintenance of this scale. For low aluminum alloys (IBAD) are candidates to replace electroplated chromium (EHC) in a
(less than 7.5 wt% Al), thick scales of sulfide phases were found. number of tribological applications, but the differences in the corro-
Growth of these scales was diffusion controlled and the addition of 5 sion behavior of EHC and IBAD nitrides have not been fully character-
wt% Al was observed to decrease the rate of the outer FeS scale develized. In this study, coatings of Cr-N have been synthesized with IBAD,
opment by an order of magnitude when compared to pure iron at using 1000 eV nitrogen ions and e-beam vapor deposition. The chemi-
700°C. Intermediate aluminum contents (7.5 wt% Al) exhibited the cal and phase composition of the coatings were examined using Ruth-
initial formation of the protective scale that encountered mechanical erford backscattering spectrometry (RBS), the aqueous corrosion be-
failure at later times and the subsequent growth of corrosion producthavior of the alloys was studied by electrochemical techniques, and the
nodules. The results from this study indicate that weldable composi- chemistry of the passive oxide was examined using angle-resolved x-
tions of Fe-Al alloys (10 wt% Al) show excellent corrosion resistance ray photoelectron spectroscopy (XPS). The effect of nitrogen (both
to aggressive reducing environments. With the potential promise for in the coating and dissolved in the electrolyte) on the formation of
applications requiring a combination of weldability and corrosion re- oxyanions in the passive oxide will be discussed, as will the conse-
sistance in moderately reducing environments, these alloys are viablequences of this oxyanion formation on corrosion resistance.
candidates for further evaluation for use as sulfidation resistant weld

- 9:50 AM
overlay coatings. Properties of DLC and a-C:N:H Films Layers Grown by PECVD
8:50 AM and MWCVD Techniques S. Jonas T. Stapinski E. Walasek
Accelerated Liquid Metal Corrosion Response of Laser Sur- University of Mining and Metallurgy, Dept. of Elect., Al. Mickiewicza
face Engineered VC Coating on Structural Steel Narendra B. 30, Cracow PL 30-059 Poland
Dahotre!; Arvind Agarwal; Lalitha R. Katipellt; University of Ten- Diamond-like carbon (DLC) and amorphous carbon-nitrogen-hy-
nessee Space Institute, Dept. of Matls. Sci. & Eng., Ctr. for Laser drogen (a-C:N:H) films have been deposited by Microwave Plasma
Appl., B. H. Goethert Pkwy., Tullahoma, TN 37388 USA Enhanced Chemical Vapour Deposition (MWCVD) at 2.45 GHz and by

VC coating on structural steel has been deposited using laser surfac€lasma Enhanced CVD (PECVD). The layers, owing to high hardness
engineering (LSE) technique. The LSE technique involved spray depo-and excellent corrosion resistance at elevated temperatures have found
sition of the coating precursor material in a water-based organic ve- application in manufacturing of cutting tools and materials for nuclear
hicle followed by manipulation of laser beam for scanning of the reactors and in microelectronics. The materials were examined by
surface to synthesize required coating material. The present workmeans of FTIR, SEM, optical spectroscopy and X-ray diffractometry.
employed high power Nd-YAG laser with fiber optic beam delivery for The surface morphology, chemical composition, chemical bonding
synthesis/deposition of the coating. The coating has been evaluatedstructure, optical and mechanical properties of films were investi-
for accelerated corrosion response to liquid A356 Al by immersing the gated. The authors optimized the technological parameters of CVD
coated samples for various durations. Optical and scanning microscopieprocesses to obtain high quality materials for future applications.
were employed _to (_)bse_rve topograph|c§| fea?ures along W|th SEI_\/I_/EDS 10:10 AM Break
for elemental distribution and x-ray diffraction for phase identifica-
tion. The effects of interaction between molten aluminum and VC are 10:25 AM
observed and evaluated in terms of types and quantities of reactionSynthesis and Properties of BN, BCN and B/BN Thin Films
products. Such coatings are intended for protecting tool and die mate-Deposited by lon Beam Sputtering Method S. Kurooka; T.
rials in casting industries and the present work will discuss their effec- Ikeda; N. Iwamotd; Joint Research Consortium of FCT, Japan Fine
tiveness for the applications. Cer. Ctr., C/o NIMC 1-1, Higashi, Tsukuba, Ibaraki 305-8565 Japan
2lon Engineering Research Institute Corporation, 4-4-24, Tsuda
yamate, Hirakata, Osaka 573-0128 Japan

Many workers have given much attention on c-BN and BCN coat
ings because of their prominent hardness as well as oxidation resi
tance at high temperature. In order to do clear the reason why c-B
and BCN coating induce crack occurrence after deposition, we ha
compared the difference of behavior among c-BN, ternary B-C-N an(
multilayer of B/BN. The hardness and oxidation resistance of films a
high temperatures were investigated. The films were prepared by t
ion beam sputtering method and crystal structure was investigated i

9:10 AM
Oxidation and Wear Performance of Laser Surface Engineered
TiC Coating on Al: Lalitha R. Katipelli; Arvind Agarwal; Narendra
B. Dahotre; University of Tennessee Space Institute, Dept. of Matls.
Sci. & Eng., Ctr. for Laser Appl., B.H. Goethert Pkwy., Tullahoma,
TN 37388 USA

Refractory ceramic coatings are desirable for their physical and
chemical natures, which make them suitable for many applications
involving wear and corrosion. Such refractory coating if deposited on

lightweight and soft material can extend their usefulness as structural FT-IR and ESCA. Also nanoindentation test was carried out. More

materlalls in many commer0|al applications. ".] View Of. this possibility, over the thermal behavior at high temperatures up to 923K was studig
synthesis of TiC coating on Al-alloy was achieved using laser surface .

engineering (LSE) technique. The LSE technique involved spray depo-In ar.

sition of the coating precursor material in a water-based organic ve- 10:45 AM Invited

hicle followed by manipulation of laser beam for scanning of the Laser Surface Alloying of Ferritic Steel to Enhance Oxidation
surface to synthesize required coating material. The present workResistance |. Manna; K. Kondala Rag S. K. Roy; K. G. Watkins;
employed high power Nd-YAG laser with fiber optic beam delivery for 1. I. T., Kharagpur, Dept. of Metallu. and Matls. Eng., Kharagpur, WB
synthesis/deposition of the coating. In addition to microstructural 721302 India2University of Liverpool, Laser Grp., Liverpool L693GH
evaluation of the deposited samples, the coated samples were als&JK

WEDNESDAY AM

studied for their performance under dry sliding wear test and in el- An attempt has been made to enhance the high temperature oxida-
evated temperature ambient environments. Observations and evaluation resistance (above 873 K) of 2.25Cr-1Mo ferritic steel by laser
tions will be presented. surface alloying (LSA) with co-deposited Cr using a continuous wave

CO2 laser. The main process variables chosen for optimizing the LSA
routine were laser power, scan speed of the sample-stage and powder
feed rate. A detailed investigation indicates that the microstructure
(studied by optical and scanning electron microscopy) and composi-
tion (determined by energy dispersive spectroscopic analysis) of the
alloyed zone (AZ) are strong function of the LSA parameters. Follow-
ing LSA, microhardness of the AZ increases to 450-550 VHN as com-
pared to 220 VHN of the underlying substrate. Isothermal oxidation
studies in air by thermogravimatric analysis at 973 and 1073 K for up
to 100 h reveal that LSA may significantly enhance the oxidation
resistance of ferritic steel during exposure to 100/200 K above the

9:30 AM

Effects of Nitrogen on the Electrochemical Passivation of Metal
Nitride Coatings Produced by lon Beam Assisted Depositian
John Derek DemarégWendy E. Kosik Gary P. Halada Clive R.
Claytor?; !'Army Research Laboratory, Weapons & Matls. Rsch. Di-
rect., AMRSL-WM-MC, Bldg. 4600, Rodman Matls. Rsch. Lab., Aber-
deen Proving Ground, MD 21005-5069 USState University of New
York at Stony Brook, Dept. of Matls. Sci. & Eng., Stony Brook, NY
11794-2275 USA
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current upper limit of use of the same steel for heat exchangers inZn(Al) alloys with a lower melting temperature such that room tem-
thermal reactors. Post oxidation microstructural analysis suggests thatperature is 0.45 Tm show superplastic behavior for 1 micron grain size
an adherent and continuous Cr203 layer is responsible for the im-samples at room temperature. We report here preliminary results of a
provement in oxidation resistance. Finally, a detailed structure-prop- study of nc Zn prepared by mechanical attrition. Zn powder milled at
erty-LSA parameter correlation will be reported. room temperature forms 3-6 mm size pellets due to its high ductility
. and extensive cold-welding. These pellets have an internal grain size
11:10 AM o : - SE
- R . A of 25-30 nm. Milling at -18€C results in powder with a grain size of
Microstructural Evolution in Laser Surface Alloying of Ti with ) . . . . )
. . . . about 20 nm. Differential scanning calorimetry and x-ray diffraction
Ir for Developing Neural Stimulation Electrodes |. Mannat; W. : - h
. S were used to follow the structural changes with milling time and subse-
M. Steer; K. G. Watking; 1. I. T., Kharagpur, Dept. of Metallu. and . . . ; S
U ; ) quent annealing. Maxima in both stored enthalpy and microstrain with
Matls. Eng., Kharagpur, WB 721302 Indi&jniversity of Liverpool, milling time are observed, which implies a change in deformation
Laser Grp., Liverpool L693GH UK 9 ’ P g

; S . . mechanism with decreasing grain size. Results of preliminary mechani-
Electrodes for neural stimulation in cochlar implants necessitate an

extremely high charge injection/emission capacity and good drawability. cal property measurements on the nc Zn will be presented.
Multi-layered activated Ir is known to possess one of the largest charge8:55 AM Invited
carrier density. However, Ir is expensive and brittle. On the other Strengthening Mechanisms in Ultra-Fine Scale Metallic
hand, Ti is relatively cheap, ductile and bio-compatible. Recently, an Multilayers: Amit Misra; Marc Verdiet; Harriet Kung; Michael
attempt was made to develop a Ti-based electrode with an Ir-rich Ir-Ti Nastasi; J. D. Embury; T. E. Mitchell; J. P. Hirth; 1Los Alamos
alloyed zone (AZ) by laser surface alloying (LSA). The present study is National Laboratory, Matls. Sci. and Tech. Div., MS K765, MST-CMS,
aimed at a detailed characterization of the microstructure, surface-Eniwetok Rd., Los Alamos, NM 87545 USA
chemistry and phase-distribution in the AZ of such an electrode pre- Ultra-fine scale metallic multilayers may be synthesized to have
pared by LSA of Ti with Ir. LSA with an earlier determined optimum strength levels close to the theoretical strength. These materials are
processing conditions appears to develop an AZ that can be conve-also ideal for investigating the effects of length scales in plastic defor-
niently divided into three regions with distinctly characteristic micro- mation of metallic materials. Refinement of the microstructure from
structure and composition. The influence of the LSA parameters on the micron-scale to the nanometer-scale may give rise to different
the morphology, identity and distribution of phases are discussed. Ac- deformation modes involving continuum pile-up (classical Hall-Petch),
cordingly, a metastable phase diagram is proposed to account for thediscrete pile-up (modified Hall-Petch) and single dislocation (Orowan).
observed microstructure. Potentiodynamic polarization tests reveal Diffusion-based mechanisms such as Coble creep may be operative
that the amount of charge injected increases significantly following a causing softening below a critical microstructural-scale in the nanom-
special etching. Finally, an attempt was made to correlate the micro- eter range. Mechanical property results from a range of fcc/fcc and
structure and composition of the AZ or electrode-tip with the electro- fcc/bcc Cu-based multilayers having different residual stresses, shear
chemical response, and assess its suitability for neural stimulation. moduli mismatch between layers and lattice misfit strain between lay-
ers will be presented. The relative effects of layer thickness and grain
size within the layers will be elucidated through the construction of
two-dimensional maps that show layer thickness and grain size ranges

Ultrafine Grained Materials: Mechani- over which different deformation mechanisms operate. By correlating

. . the deformation mechanism maps with the experimental data, we
Cal BehaVK)r and Strengthenlng MeCha' show that these maps serve as guidelines for interpreting the scale-
nisms: | dependent strengthening or softening mechanisms in multilayers The
effects of factors besides length scale that may influence the transition
from one mechanism to another are discussed. This research is spon-

Sponsored byMaterials Processing and Manufacturing

Division, Powder Metallurgy Committee, Shaping and sored by DOE-OBES.
Forming Committee 9:20 AM
Program OrganizersRajiv S. Mishra, University of Quasistatic and Dynamic Properties of Ultrafine-Grained Fe

Missouri, Metallurgical Engineering, Rolla, MO 65409-0340  and W Alloys: D. Ji& K. T. Ramesh M. Trexle®; E. Mat; Johns
USA; S. L. Semiatin, Wright Laboratory, Materials Director-  Hopkins University, Dept. of Matls. Sci. and Eng., Baltimore, MD
ate, Dayton, OH 45440 USA; C. Suryanarayana Colorado 21218 USA;2Johns Hopkins University, Dept. of Mech. Eng., Balti-

School of Mines, Department of Metal and Materials more, MD 21218 USA . o
Fe and W-based alloy powders with nanoscale grain sizes were pro-

Engingering,_Golden, CO 80401 USA; Naresh Th‘fidhani’ duced by mechanical milling at room temperature. These powders were
Georgia Institute of Technology, School of Materials subsequently consolidated to full density bulk samples. The consoli-
Science and Engineering, Atlanta, GA 30332-0245 USA dated samples have grain sizes in the 50 nm to 1 micron range.

Quasistatic and high-strain rate (Kolsky bar) tests have been con-

Wednesday AM Room: Polk A/B ductg_d on thgse samples to determme the depquence of_strgngth,
S . ductility, strain hardening, and strain-rate sensitivity on grain size.

March 15, 2000 Location: Opryland Convention Center  the consolidation behavior with and without second-phase additions,

the mechanical response under quasistatic versus dynamic conditions,

Session Chair;RajiV S. Mishra, University of Missouri, and the potential of such alloys for kinetic energy penetrator applica-
Dept. of Metallu. Eng., Rolla, MO 65409 USA tions are discussed.
9:40 AM

Ductile-Brittle Transition of Partially Crystallized Amorphous
Al-Ni-Y Alloys: Sun Ig Hong, Hyoung Seop Kimp Chungnam
National University, Dept. of Metallu. Eng., Taedok Science Town,
Taejon 305-764 Korea

In this study, a model on the ductile-brittle transition of partially
crystallized amorphous Al-Ni-Y alloys is proposed. The strength of
the partially crystalline Al-Ni-Y alloys was found to exhibit the maxi-
mum when the size of Al particle is 10 nm. Partially crystallized Al-
Ni-Y alloys were also found to be brittle when the size and the volume
fraction of the Al particles exceeded the optimum values. On the
assumption that the diffusivity of Y is so low that Y atoms rejected

150

8:30 AM Invited
Processing, Characterization, and Properties of Nano-crystal-
line Zinc: Xinghang Zhang Carl C. Koch; !North Carolina State
University, Matls. Sci. and Eng. Dept., Raleigh, NC 27695 USA

Zinc is an interesting metal to study deformation behavior of
nanoscale microstructures. A study of nanocrystalline(nc) Zn pre-
pared by a gas condensation method with grain sizes of 8-30 nm
exhibited plastic deformation in compression at room temperature but
failed in the elastic regime in tension. This is behavior typical of many
nc materials at room temperature, but room temperature is 0.42 Tm
for Zn. Superplasticity has been reported for nc Ni at 0.36 Tm. Dilute
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from FCC-AI particles are limited near interface region and the 10:55 AM

diffusivity of rejected Ni atoms is so high that the perfectly mixed Aging Effects in Bulk Metastable Nanostructured Alloys V. V.
solution is readily attained in the matrix, the reaction in three regions, Stolyarov; R. Z. Valiey; !Ufa State Aviation Technical University,

Al particles, Y accumalated interface layers and amorphous matrix, Instit. of Physics of Adv. Matls., K.Marks str., 12, Ufa 450000 Russia
were derived by balancing the quantity of each element. Al-Ni-Y al- By now it is well established that severe plastic deformation has an
loys were assumed to become brittle when the solute content of inter-ability in either strongly refine microstructure till up nanometer range
face layers reached the critical value (20%). The predictions based onand change essentially a phase composition forming highly metastable
the Y accumulation model are in good agreement with the published states in bulk samples of various alloys. This paper focuses on SPD
data available. processing by severe plastic torsion straining (SPTS) of several Ti and
Al-based alloys and hard magnetic Nd¢Pg),B based alloys. It is shown

by TEM, X-ray studies and magnetic measurements that SPTS pro-
cessing has resulted in formation of supersaturating solid solutions and
amorphization of intermetallics phases in these alloys. During further
heating aging effects take place and processed alloys demonstrate
unique mechanical (very high strength, superplasticity) and magnetic
' hysteretic properties. The origin of metastable states and aging effects
are discussed and explained using results of modeling defect structures
of SPTS-processed alloys.

10:00 AM
Mechanical Properties of Nanocrystalline WC-Co Hardmetals
Soon Hyung Honlg Seung Il Chg B. K. Kim?; G. H. H&; Korea
Advanced Institute of Science and Technology, Dept. of Matl. Sci. and
Eng., 373-1 Kusong-dong, Yusong-gu, Taejon 305-701 Kcoicarea
Institute of Machinery and Materials, Dept. of Matls. Processing, 66
Sangnam-dong, Changwon, Kyungnam 641-010 Korea

The mechanical properties of nanocrystalline WC-10Co-X
hardmetals were investigated. Nanocrystalline precursor powders were
prepared by spray drying of solution containing salts of W and Co. 11:15 AM
The precursor powders were reduced and carbonized into WC/Co pow-Effect of Dispersed Oxide Particles on the Strength and Ductil-
ders by following mechano-chemical process. The initial WC powder ity of Ultrafine-Grain Steels: Yoshikazu Sakgi Minoru Ohtaguchi
size was about 100nm and was mixed homogeneously with Co binder.Yuuji Kimural; Kaneaki Tsuzakj National Research Institute for
The powders were ball-milled in n-Hexane with ball-to-powder ratio of Metals, Frontier Rsch. Ctr. for Structural Matls., 1-2-1 Sengen, Tsukuba,
5:1 for 24hrs and dried for 24hrs in drying oven. The mixed powders Ibaraki 305-0047 Japan
were sintered at 1375°C under pressure of 1mtorr. To compare the Strength of alloys increases strongly with decreasing grain size. On
microstructures and mechanical properties with nanocrystalline the other hand, ductility, especially uniform elongation, decreases with
hardmetals, the commercial WC with 0.57-1.27mm powders size were decreasing grain size, namely, increasing strength. Strong plastic insta-
mixed with Co powders and followed by sintering at 1375°C under bility occur at room temperature and normal strain rates if the grain
pressure of 1mtorr. Varying amount of Cr3C2, TaC and VC were added size is sufficiently fine. Therefore, it is necessary for keeping high
into nanocrystalline WC-10Co hardmetals as grain growth inhibitors. strength-elongation balance of ultrafine-grain materials to be improved
The microstructural parameters such as WC size, Co mean free patithe rate of strain hardening. Dispersion of fine particles in the matrix
and WC/WC contiguity were sensitively dependent on addition of might be effective for improving strain hardening. In this study,
inhibitors. It was observed that Co phase was precipitated within fac- ultrafine-grain steels with a grain size less than 1 micron were produced
eted WC grains in sintered nanocrystalline hardmetals. The precipi- using powder metallurgy method. Several kinds of iron powders with
tated Co phase was fcc crystal structure and the average size was abogbmpositions in the range of 0.2-1.5 wt% oxygen were mechanically
10nm. In case of the addition of 0.7% TaC/VC inhibitors, the WC size milled in an argon atmosphere and then hot rolled into bars, 600 mm
was about 300nm and the WC/WC contiguity was measured as 0.7.long and 11 mm in diameter at 973K. The ultrafine-grain steels con
However, in case of the addition of 0.7% Cr3C2/VC inhibitors, the WC sist of a ferrite phase and fine particles of Fe304. Tensile test a
size was about 600nm and the WC/WC contiguity was lower value of microstructure observation for the steels were carried out. In the p
0.4. The transverse rupture strength was sensitively dependent on Cqer, we will discuss relationship between (1) formation of ultrafine-
mean free path and WC/WC contiguity. The hardness of hardmetalsgrain structure and oxygen content, (2) strength and grain size, (
was dependent on the WC patrticle size. strength and ductility, (4) oxide particle size and milling time, and (5)
effect of dispersed oxide particles on the strength and the ductility.

11:35 AM
Structure/Property Relations of Rapid Solidified Aluminum
Alloys for High Temperature Applications: S. G. Song A. F.
Giamel; United Technologies Research Center, MS 129-22, 41
Silver Ln., East Hartford, CT 06108 USA

Dispersion strengthened aluminum alloys via rapid solidification
process are of increasing interest to materials researchers for elevatf
temperature applications because of their lightweight and low costs
Several newly developed dispersion strengthened aluminum alloys we
investigated for potential high temperature applications. The bulK
samples of the alloys were prepared by P/M process with high cooling

WEDNESDAY AM

10:20 AM Break

10:30 AM Invited
Developing of SPD Processing for Enhancement of Properties
in Metallic Materials: R. Z. Valiey; 1Ufa State Aviation Technical
University, Instit. of Physics of Adv. Matls., K. Marks str., 12, Ufa
450000 Russia

Severe plastic deformation (SPD), i.e. intense plastic straining un-
der high imposed pressure is the new technique for fabrication of
ultrafine-grained metals and alloys. Methods of SPD processing can
lead to a strong refinement of microstructure and formation of
nanostructures in metallic materials; therefore, there is a potential to

achieve their new and extraordinary properties. However, attaining S : ) . h
rates of gas atomization. Mechanical testing and microscopy exami-

such properties is a complex problem, which depends on different ;
. . . nation of the alloys were conducted and the results were analyzed to
processing and microstructural parameters. This paper focuses on the . . }
. » . . establish structure/property relationship. The metastable structure of
relationship: SPD processing-nanostructures-new properties, for sev-

eral pure metals and alloys. It has been shown that for microstructuresthe alloys resulting from rapid solidification was seen to vary with

of SPD materials it is typical to have a presence of not only very small processing and heat treatment conditions. Optimal properties can be

grain sizes, but also specific defect structures, high internal stresses,acmeved through proper heat treatment processes.

crystallographic texture and often a change of a phase composition.
From the other hand, these microstructural parameters are associated
with details of SPD processing (applied method, processing routes,
temperature, strain and strain rates and others). The examples of
attaining very high tensile and fatigue strength in SPD materials are
demonstrated. Special attention is stressed on development of the
processed nanostructured materials for structural use. Enhanced super-
plasticity at low temperatures and high strain rates in SPD alloys is
shown. The examples of practical applications of SPD materials are
considered and discussed as well.
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WEDNESDAY PM

12th International Symposium on Ex-
perimental Methods for Microgravity

Materials Science: Session 4

Sponsored byASM International: Materials Science
Critical Technology Sector, Electronic, Magnetic & Photonic
Materials Division, Structural Materials Division, Alloy
Phases Committee, Thermodynamics & Phase Equilibria
Committee

Program OrganizersRobert Schiffman, R.S. Research Inc.,
Barton, VT 05822 USA,; Carlo Patuelli, Universita di Bolo-
gna, Departimento di Fisica, Bologna -40126 Italy

Wednesday PM Room: Memphis A
March 15,2000  Location: Opryland Convention Center

Session ChairMichael R. Fiske, Morgan Research
Corporation, Matls. Sci., Huntsville, AL 35805 USA

2:00 PM

Pore Bifurcation and Migration During Liquid Phase Sinter-

ing in Microgravity : Yubin Hé; Saiyin Ye&; James E. Smith Uni-
versity of Alabama, Dept. of Chem. and Matls. Eng., Huntsville, AL
35899 USA

MSFC/NASA, Huntsville, AL 35812 USANASA, SD 47, MSFC, Hunts-
ville, AL 35812 USA;3UAH, SD47, MSFC/NASA, Huntsville, AL
35812 USA

Droplet growth in Cu-Co metastable immiscible alloys were studied
by undercooling experiments and numerical modeling of the popula-
tion dynamics equations. Increasing undercooling resulted in droplet
coarsening during continuous cooling. From the isothermal treatment
at a certain undercooling, the time evolution of droplet size distribu-
tion has been determined which can be divided into two regions: dis-
persed and non-uniform structure. For the droplet growth in the former,
there is agreement between experiments and modeling of gravita-
tional-induced coalescence, whereas for the latter, experiments devi-
ate from calculations because the system is out of dispersion. Calcula-
tions also show that droplet coalescence caused by Stokes settling
considerably prevails over that by Marangoni migration on the ground-
based experiments, even though mass density of liquid Cu and Co is
very close.

3:00 PM
Solidification of Fe-Ni-Mo Alloy from Undercooled Melt: M.
Muratal; T. Aoyamd; |. Jimbd; K. Kuribayashi; Tokai University,
Instit. of Space & Astro. Sci., c/o Kazuhiko Kuribayashi, 3-1-1
Yoshinodai, Sagamihara, Kanagawa 229-8510 Japiare Institute of
Space and Astronomical Science

The 18%Ni maraging steel is well known as one of the structural
materials that have well balanced mechanical properties in strength
and toughness. However, there has been often observed the degrada-
tion of these mechanical properties in the weld joint. One of the
reasons for the degradation is the metastalphase inherited into the

Samples from Fe-Cu and Co-Cu systems processed in microgravityambient temperature. In the present study, rapid solidification behav-

showed considerable pore formation and metamorphosis. Pore filling,

ior from undercooled melt of Fe-Ni-Mo ternary alloy that is the base

coarsening and pore migration was found in most samples. Pores showed@lloy of the maraging steel was precisely observed. The drop of the

bifurcated behaviors based on their liquid volume fraction. These be-
haviors result from particle rearrangement, particle growth and differ-
ent diffusion patterns that associated with interfacial energy differ-

alloy, FegNiq.«Mog, where x is from -2 to +2, was successfully levi-
tated by the electromagnetic levitation furnace. More than 300 K of
undercooling was achieved. Although the alloy whose Ni content is

ences, instabilities, and grain coarsening along the interface betweerhigher than that of the eutectic composition has {thghase as their

phases. Volume diffusion exists throughout the entire process and domi-

nates in high liquid volume-fraction samples. However, low liquid vol-

equilibrium primary phase, undercooling higher than the critical
temperature where the activation energies for nucleation of both phases

ume fraction and the presence of the agglomeration, which results inare equilibrated, promotes the nucleation of dhphase showing the

high local solid volume fraction, enhances the surface diffusion during

pronounced recalescence. Thghase was nucleated secondary after

the process which causes the pore breakup. Both volume diffusion andthe first recalescence. These behaviors were observed clearly by the

surface diffusion contributes to the pore migration. In this paper, a
pore bifurcation and migration model will be presented to monitor the
trends of shape changes of a pore in a microgravity.

2:20 PM
Transient Effects in Dendritic Solidification: M. B. Kos$; J. C.
LaCombeé; M. E. Glicksma#d; A. Chaig; V. Pine§; !Rensselaer Poly-
technic Institute, CIl 4225, 110 8th St., Troy, NY 12180-3590 USA;
2NASA Glenn Research Center, Computational Microgravity Lab.,
Cleveland, OH 44135 USA

Dendritic solidification is a common mode of solidification. It is
also an important model problem in non-equilibrium physics and pat-
tern formation physics. Current theories couple the transfer of latent

high-speed video camera.
3:20 PM Break

3:40 PM
Effects of Directional Solidification Rates on Aluminum Ma-
trix Structures Reinforced with 23% Oriented SiC Whiskers:
C. Patuellt; R. Tognaté; Universita di Bologna, Dept. di Fisica ed
Instituto Nazionale di Fisica della Materia, Alma Mater Studiorum,
Viale Berti Pichat 6/2, Bologna 1-40127 Italy

TEM, SEM and AFM observations were carried out in order to
investigate the SiC-Al interface after different unidirectional solidifi-
cation rates. The morphology of the interface is examined taking into
account the important role played by the SiC whisker surface on the

heat with selection mechanisms at the interface. Measurements Offaceted or not faceted growth of the Al Matrix.

succinonitrile (SCN) dendrites in microgravity show reasonable agree-

ment between heat transfer predictions and experiment. However,

4:00 PM

data and analysis for assessing interfacial physics theories are les$olute Diffusion in Dilute Liquid Metals and Metalloids:

definitive. We are studying, and will present data on, transient effects
in dendritic growth of SCN. We employ the Clapeyron pressure/melt-

ing temperature effect to make a rapid change in a sample’s hydro-

Reginald W. Smith 'Queen’s University, Dept. of Matls. and Metallu.
Eng., Kingston K7L 3N6 Canada
It is now well known that the diffusion coefficient (D) measured in

static pressure, and thereby rapidly change the specimen’s meltinga laboratory in low earth orbit (LEO) is less than the corresponding
temperature, forcing the dendrite to select a new steady-state. Thes¢/alue measured in a terrestrial laboratory. However, all LEO laborato-
initial measurements show some surprising and non-intuitive effects. ries are subject to transient accelerations (g-jitter) superimposed on
the steady reduced gravity environment of the space platform. This
paper reports recent measurements of the diffusion coefficients for
dilute binary alloys of Pb-(Ag, Au, Sb), (Sb-(Ga, In), Bi-(Ag, Au, Sb),

Sn-(Au, Sb), Al-(Fe, Ni, Si) and In-Sb in which g-jitter was suppressed.
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2:40 PM
Droplets Coarsening in Copper-Cobalt Metastable Immiscible
Alloys: Delin Lit; Mike B. Robinsof Tom J. Rathz INRC, SD47,
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It was found in all alloy systems thatyD (temperature) if g-jitter was

suppressed rather thargD? as observed by earlier workers with g- how with object-oriented software. Some features of this software are:
jitter present. The significance of these results will be reviewed. easy-to-use Graphical Uner Interface; mass and energy balance; streams
contain main chemical solid and liquid components; all significant
chemical reactions; steam and power generation; the possibility for
users to develop their own units. The paper presents the model based
on examples of problem solving such as plant water balance.

4:20 PM
Characterization of Equiaxed Microstructures in Refined Al-
3.5Wt%Ni Directionally Solidified Under Diffusive Transport
Conditions: S. Verriet; 'DEM/SPCM, CEA-Grenoble, 17 Rue Des
Martyrs, Grenoble, Cedex 9 38054 France 2:25 PM

Directional solidification of a refined Al-3.5%Ni alloy was per- The Equilibrium Approach to Causticisation for Optimising
formed with several velocity steps during the AGHF6 experiment in Liquor Causticisity: Gerald I. D. Roach Alcoa World Alumina,
the STS-95 mission (November 98). Homogeneous multigrain equiaxed Rsrch. & Dev., Cockburn Rd., Kwinana, Western Australia 6167 Aus-
microstructures were obtained and their dependence on the solidifica-tralia
tion rate evidenced. The quantitative characterization of these micro-  The causticisation reaction using lime to convert sodium carbonate
structures by using original Image Analysis tools and several comple-to sodium hydroxide, with the formation of calcium carbonate and
mentary metallographic technics (optical microscopy under polarized calcium aluminate, has a thermodynamic equilibrium that depends upon
light, SEM), is presented here. The following morphological features liquor composition. The causticisation reaction has been studied from
were systematically determined on sections taken both parallel andboth a theoretical and practical standpoint; the reaction involves an
perpendicular to the solidification direction: envelope of the grain, intermediate that is formed almost instantaneously and has the ap-
internal and external eutectic fractions, developed surface of the crys-proximate composition 3Ca0.Al203.CaC03.11H20 (commonly
tal, and distribution of the orientations of dendritic branches. Empha- called monocarbonate or hydrocalumite). The equilibrium data have
sis is put on the importance of measuring these different quantities in been used in carbonate balance models to help optimise causticisation
order to provide benchmark data for the validation of the models in Alcoa World Alumina plants. Opportunities to increase plant caus-
describing the formation of this type of microstructures and their ticity were identified, especially for Western Australian Refineries
rheological behaviour. where the majority of the carbonate added to the liquor circuit is in the
bauxite and the causticity of the liquor is relatively low. Some of the
opportunities were difficult to realise because of the interactive effect
on phosphate and calcia in the liquor that can affect both plant opera-
tions and product quality. Studies of the kinetics of decomposition of
the monocarbonate species to either calcium carbonate or tricalcium
aluminate are reported. The kinetic information has assisted in both
understanding and optimising lime efficiency.

4:40 PM
Materials Science Experiment Module Accommodation within
the Materials Science Research Rack 1 (MSRR-1) on the Inter-
national Space Station Dinah B. Higging;, Kevin S. McCarley,
Robert R. Jayrée INASA/MSFC, Microgravity Matls. Sci. Appl. Dept.,
MSFC Alabama, SD42, Huntsville, AL 35812 USARace & Waite
Inc., NASA/MSFC, Microgravity Sci. & Appl. Div., SD42, Huntsville,
AL 35812 USA 2:50 PM
The Materials Science Research Rack 1 (MSRR-1) of the Materials Scale Control and Prevention of Hydrate Precipitation in Red
Science Research Facility (MSRF) is a modular facility designed to Mud Filters: John D. Kilde& Sophy Gotsis Anna Thomas Nalco
accommodate two Experiment Modules (EM) simultaneously on board Australia, 2 Richardson St., Kwinana, West Australia 6167 Australia
the International Space Station (ISS). One of these EMs will be the Typical Bayer operations involve separation of waste solids through
NASA/ESA EM being developed collaboratively by NASA and the thickening/settling with remaining mud solids in the overflow liquor
European Space Agency. The other EM position will be occupied by removed by a filtration step. One of the problems often encountere
various multi-user EMs that will be exchanged in-orbit to accommo- in this filtration step is the precipitation of small masses of trihydrate
date a variety of materials science investigations. This paper discusseglumina. While such precipitation results in only a small product loss
the resources, services, and allocations available to the EMs and brieflyit often leads to substantial operation and maintenance problems fg
describes performance capabilities of the EMs currently planned for the filters. Application of Nalco 85711 to settler overflow liquor has
flight. been shown in a variety of test regimes to improve the stability of thg
aluminate in solution under filter conditions. This improvement can
reduce hydrate precipitation in the filters. This reduces the opera
tional and maintenance issues associated with filtration. Many plant

A|umina and BaUXite' Bayer PrOCGSS prevent precipitation in the filters by maintaining a less-than-opti-
. . . mum aluminate concentration in the liquor. An improved stability of
Chemlstry Optlmlzatlon aluminate in filters can directly prevent precipitation and this may|

Sponsored byt ight Metals Division, Aluminum Committee allow increased uptake of alumina values in digestion and directly lea]
Program Organizers\ﬁto Cedro. Alcoa World Alumina to increased production yield. The dose rate of 85711 required t

. . . . stabilise aluminate in solution in filtration is under 10 ppm while the
PlttSburgh’ PA 15219 USA; Joe Anjier, Queensland Alumina impact of this product on trihydrate crystallisation under precipita-

WEDNESDAY PM

Limited, Gladstone, QueenSIand 4680 Australia tion conditions is orders of magnitude greater (up to 1000 ppm). As 8
result, should any product pass beyond the filtration step it is highly
Wednesday PM  Room: Jefferson B unlikely that any detrimental impact on precipitation yield will be
March 15,2000  Location: Opryland Convention Center ~ °Pserved.
3:15 PM
Session ChairK. |. Verghese, Alcan International, Ltd., Process Control in Alumina Refining-An Automated Plant

Pierre Castellt; Bernard Bosca Christos Apostolakks Nikos Costig,
1Aluminium Pechiney, Aluval-BP 07, Voreppe, Cedex 38341 France;
2Aluminium De Grece, Paralia Distomou, Saint Nicolas, Beotie 32003
2:00 PM Greece
ClickSim-Bayer Process Simulation Model Karek Fort; KF Nowadays, to create added business value, it is imperative to modify
Engineering Services, Weiherweg 19, Volketswil 8604 Switzerland workforce organization systems and automate processes whenever
The Bayer process simulation model is a valuable tool for the opti- possible and cost-effective, by means of controlled investment projects.
mization of design, operation and energy issues in an alumina plant. The following presentation will address the 3 year project under devel-
Successful utilization of such a model was often restricted to a few opment at “Aluminium de Greece”, concerning the automation of its
“experts.” The simulation model “ClickSim” provides a broad range of alumina plant at Saint Nicolas (Greece). It will describe in three parts
users with an easy-to-handle tool. It combines Bayer process know-the new Production Organization (started up in parallel with the

Montreal, Quebec, Canada
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project), the global architecture of the system and the project struc-

ture.

3:40 PM Break Aluminum Reduction Technology: Cell
3:50 PM Operation/Innovations

Optimization of Tricalcium Aluminate Use to Enhance Filtra- Sponsored byt ight Metals Division, Aluminum Committee
tion in the Bayer Process Sana U. Khah Winston Rennick Scott Program Organizers;]ohn Chen, University of Auckland,

Barhamt; John T. Malité; *Nalco Chemical Company, 2 Anderson St., . . . .
Botany, NSW 2019 Australi22Alcoa Australia, Alcoa Wagerup, P.O. Department of Chemical & Materials Engineering,

Box 84, Waroona, Western Australia 6215 Australia Auckland, New Zealand; Georges J. Kipouros, Dalhousie
Alumina refineries generally remove solids by a combination of University, Department of Mining and Metallurgical
sedimentation and filtration. In such processes 99.5% of the mud Engineering, Halifax, NS B3J2X4 Canada
solids are removed by flocculation in settling vessels and less than 1%
ﬁf the mud solids are removed by filtration where the settler over_’flow Wednesday PM Room: Sewanee
iquor is passed through pressure and less commonly, sand filters. . .
Tricalcium aluminate hexahydrate (TCA) is used within the Bayer March15,2000  Location: Opryland Convention Center
process as a filtration aid during filtration of the sodium aluminate
liguors. This paper details studies which show that the filtration per- Session ChairMark P. Taylor, Comalco Aluminium Ltd.,
formange can pe malntgmed Wlth. reduced TCA tp mud rat.los when Brisbane, Queensland, 4001 Australia
Green Liquor Filtration Aid (GLFA) is used. The savings resulting from
reduced TCA significantly outweigh the cost of using GLFA. Alterna-
tively, improved filtration performance may be realized by adding the 2:00 PM
GLFA at constant TCA to mud ratios. In either case, substantial ben- Thermodynamics of Electrochemical Reduction of Alumina
efits are available. Mathematical analysis of the laboratory results Warren Haupii; Halvor Kvandé; 12820 Seventh Street, Lower Burrell,
allows the development of an algorithm, which adequately models PA 15068 USA;2Hydro Aluminium Metal Products, Oslo N-0246
filtration performance as a function of TCA/Mud ratio and GLFA Norway
dose. Laboratory pressure filtration tests were used to determine the ~ An updated calculation is presented of the theoretical minimum
effects of TCA and GLFA on cake compressibility and cake resistance. energy required to electrochemically reduce alumina to aluminum us-
TCA was produced under a variety of adverse process conditions withing either carbon anodes, which are consumed in the process, or inert
the resulting product assessed for filtration efficiency. XRF, XRD and anodes. Knowledge of this energy (the standard enthalpy of reaction,
SEM analysis of the TCA produced correlated with filtration results. or deltaH®) is required for making heat balance calculations. The re-
versible cell potential, or Nernst potential, is calculated from the
standard Gibbs energy of reaction, deltaG°, and the activities of reac-
tants and products. This value is needed for calculating cell voltage.
The present calculations update the 1976 thermodynamic analysis by
Bratland, Grjotheim and Krohn. It was based upon floury alpha. Today
the cell feed is sandy, largely gamma alumina. This changes deltaH®.

R. 3, Bath, OnFarlo KOH 160_ Canada . However, the greatest difference is in the calculation of the reversible
In recent times the calcium content of alumina from the Ouro potential

Pretor refinery has increased steadily to as high as 0.10% (as CaO).

The bulk of this contamination arose from soluble calcium entering 2:30 PM

the liquor across the polishing filter presses. Investigations showed Carbon Consumption and Current Efficiency Studies in a Labo-

that the monocarbonate (3Ca0.AlI203.CaC03.11H20) content of theratory Aluminium Cell Using the Oxygen Balance Method

filter precoat was dissolving to levels up to 100 mg/l, probably due to Jan Hives, Sverre Rolseth Henrik Gudbrandsén !Slovak University

the high organic carbon content of the liquor. In contrast, a precoat of Technology, Inorganic Tech., Radlinskeho 9, Bratislava 81237

composed of tricalcium aluminate (TCAS) dissolved to only 15 mg/l. Slovakia;2SINTEF Materials Technology, Electrolysis Grp., Trondheim

Unfortunately, while giving a better coverage of the filter cloth plus a N-7465 Norway

low soluble calcium in liquor, the fine TCAS resulted in significantly A method of continuous current efficiency measurements has been

lower filtration rates. The rates were largely restored by significantly developed for use in a laboratory cell. The cell is a semi-large on

reducing precoat thickness and by taking advantage of the improvedlaboratory scale, with a 42 mm diameter anode. To achieve minimal

cloth permeability afforded by the greater protection offered by the back and side reactions the cell was designed based on the following: all

new precoat material. As a result of these changes, CaO in product hagnetal parts of the cell (holders, supporting wires, etc.) were covered

returned to less that 0.04% while maintaining production at target with alumina shielding, used graphite crucible, with inner alumina lin-

levels. ing, was covered with TiB2 paste and copper cathode was used to form

Cu-Al alloy with a low aluminium activity in the melt. Electrolytic

carbon consumption tests have been performed with PB-anodes

samples. The tests were carried out in a newly developed apparatus

where the anode gases were analysed continuously for CO and CO2

during the whole experiments, lasting 12 hours. Argon with known

) ) flow rate was used as inert carrier gas. This enabled us to make a total
The treatment and use of bau?(lte re5|due'w§s the focus of a recenfyass balance with respect to the amount of CO and CO2 evolved in the

Wo.rkshop spo.ngored by the Aluminum Assomat'lon. Industry repr.esen- experiment. This amount was compared to the weight loss of the

tatives were joined by several external technical experts to d'scussanode sample determined after the experiment. In the calculations of

various approachgs and set prioritie; for possible collaborative re- the weight loss of the anode corrections were made for the ash content
search. Key technical, economic, environmental, and market factorsand bath that had penetrated into the anode during electrolysis.
were used to rank a large number of approaches. Priority areas targeted

for additional research were to further evaluate the potential recovery 2:55 PM
of metals from the residue, explore the removal of desilication product Laboratory Experiments with Low-Temperature Slurry-Elec-
(DSP) before it becomes residue, and to develop new separation techirolyte Alumina Reduction Cells: Craig W. Brown; !Northwest
nology to enable bauxite beneficiation. These and other results fromAluminum Technologies, Rsrch. Dept., 3950 Sixth Ave. NW, Seattle,
the technology roadmap will be more fully discussed. WA 98107 USA
The research presented addresses a novel total system concept as an
alternative to conventional Hall-Heroult technology for aluminum
154

4:15 PM

Control of Calcium Contamination in Alumina: The Ouro
Preto Experience Paulo Marcio Figueiredg Paul Hackett Steve
Ostap; Alcan Aluminio do Brasil Ltda., Av. Americo R. Gianetti,
Saramenha P.O. Box 1, Ouro Preto, MG BrazBlayer Consultant, R.

4:40 PM

Technology Roadmap for Baurite Residue Treatment and Utili-
zation: Summary of Workshop Sponsored by the Aluminum
Association: F. W. Williams, Alcoa World Alumina, Pt., Comfort,
TX



smelting. The electrolyte comprises fluoride salt mixtures with low- 1Tarconord A/S, Avernakke, Nyborg DK-5800 DenmatRitmac Lim-
temperature melting compositions. The low temperatures require thatited, Meridian House, Normanby Rd., Scunthorpe, North Lincolnshire
the electrolyte be maintained as a slurry with undissolved alumina DN158QX UK; 3Bitmac Limited, Scunthorpe Works, Dawes Ln.,
particles. This allows the use of metal alloy anodes. These are inert inScunthorpe, North Lincolnshire DN15 6UR UK
that the main process offgas is oxygen, not carbon oxides. The con-  Abstract Submission for TMS 2000 Carbon Session Programme
cept includes an “inverted” cell in which the liner and cell bottom are Techniques to increase the production of premium binder are a prior-
anodic, and aluminum-wetted cathodes that are suspended vertically inity because the aluminium industry demand for coal tar pitch is pre-
the electrolyte. The system thus offers the advantages of both inertdicted to exceed supply within the next ten years. According to cur-
anode and wetted cathode technologies. The system concepts are pra@ent practice, anode binder pitch produced receives a small amount of
sented, and ongoing laboratory experiments are described. thermal soaking during the tar distillation process. One technique to
3:20 PM Break in_cr_easg pit_ch ave_ailability is to thermally soak the coal tar prior_ to its
distillation into pitch. Pre-treated tar was thermally soaked in the

3:40 PM Panel Discussiorzhair: Nolan Richards laboratory under nitrogen at pressure then vacuum distilled to produce
"Aluminium Reduction-Where to from here?" pitch. Typical laboratory tar thermal soak conditions of 385°C for 6
Invited Panelists: To be advised hours under nitrogen at 5 bar pressure gave an increase in pitch yield of

4 to 6% absolute. Toluene insolubles, quinoline insolubles and coking
value were all increased, without producing any optically visible
mesophase. Bench scale anodes fabricated with pitches made from

Carbon Techno|ogy: Raw Materials thermally soaked tar had similar physical and chemical properties to
s d byLiaht M Is Divisi Al . c . control anodes fabricated with standard non-thermally soaked precur-
ponsore Y IQ t Metals IVISIQH, uminum Committee sors.

Program OrganizersMorten Sorlie, Elkem ASA Research, 320 PM

V?aggpygd, Kn;',“ansaénd N-4675 Nor\/\_/ay; Chgztg;n Dreyer, Characterization of Optical Texture in Cokes by Image Analy-

Aluminium Pechiney, St Jean De Maurienne 7 France sis Stein Ragrvik Marianne Aanvik Harald A. @yé, Morten Sgarlié;
ISINTEF Applied Chemistry, Inorganic Chem., Trondheim N-7465

Wednesday PM Room: Knoile A Norway; 2Norwegian University of Science and Technology, Instit. of

March 15, 2000 Location: Opryland Convention Center Chem., Trondheim N-7491 Norwa§Elkem ASA Research, Vagsbygd
N-4675 Norway

. . L. A fully automatic method for image analysis of optical texture of
Session Chalr:Trygve Foosnas, Hydro Aluminium A.S., cokes has been developed. The method outputs mosaic index, which is
Technology Center Ardal, Ovre Ardal N-6882 Norway a measure of optical domain size; and fiber index, which is a measure of
optical domain anisotropy. The method has been applied to cokes
made of high purity precursors doped with different aluminium/sulphur
compounds and carbonized under pressure in the laboratory. A large
variation in optical texture is seen, depending of the added compound
type (organic/inorganic), amount added, and the position in the reac-
tor the sample is taken from. The results are compared to calcing
industrial petroleum cokes.

2:00 PM
Petroleum Derivatives as an Alternative to Binder Coal-Tar
Pitches M. Perez, Marcos Granda R. Garcia; E. Romeré; R.
Menendef Instituto Nacional del Carbon, CSIC, La Corredoria s/n,
Apartado 73, Oviedo 33080 SpaitRepsol Petroleo, S.A. Valled de
Escombreras, Cartagena, Murcia 30350 Spain
Coal-tar pitches have been traditionally used as binder materials for3:45 PM Break
the production of carbon anodes and graphite electrodes. However, th%_
S A ) . :55 PM

reduction in demand for metallurgical coke and the increasing concern S . .

. Reactivity and Texture of Cokes Doped with Aluminum Com-
about exposure to carcinogens at work, have led to the search for new

) . e o i
binder materials for anodes and electrodes. Petroleum derivatives seen?;unntsmv'\g?sr;?nz? SAgg\élfe '\gﬂge?e?r?rzlci’) Harglg flo?)ghenl:loxﬁ Inor
an attractive and interesting alternative for replacing, or at least com-g y g9y, Pt )

peting with, binder coal-tar pitches. However, due to the different ganic Chem., Trondheim N-7491 Norwalkem ASA Research, P.O.

chemical composition of coal-tar and petroleum derivatives a very Box 8040 Vagsbygd, Kristiansand N-4675 Norway

different behavior and properties can be expected. This paper focuses ngh purity .coke precursors are dopeq with alummun_”lacetylacetonat
. : . aluminumfluoride, cryolite or sodiumfluoride and carbonized under pres
on the study of the composition and pyrolysis behavior of several

petroleum residues, commercial binder coal-tar pitches and their bIendssure' The AJO, (from the added aluminumacetylacetonate),/Nf,

with special emphasis on possible interactions on carbonization and NaF catalyzed both the air and (gasification reactions. Al
P p P ' however, inhibited the reactions. Addition of 1 wt% sulfur to the

2:30 PM aluminumacetylacetonate-cokes had no apparent effect on neithg
Developing Coal Tar/Petroleum Pitches Robert H. Womblés the CQ nor the air reactivity. The additions interfered with the growth
Melvin D. Kiser; Koppers Industries Inc., 1005 William Pitt Way, and coalescence of the mesophase particles during the carbonizati
Pittsburgh, PA 15238-1362 USAMarathon Ashland Petroleum Com-  process. The coke reactivity depends on the catalyst concentration as
pany, P.O. Box 911, Catlettsburg, KY 41129 USA well as the resulting coke texture, expressed in terms of a mosaic
Over the years the aluminum industry has evaluated the potentialindex.
use of petroleum derived binders for producing anodes. Many of these4.20 PM
evaluations produced less than desirable results. Most of these evalua-’

tions were driven by the potential of producing a more economical Factors Influencing the Carboxy Reactivity of Calcined Coke
. y P ) P 9 - Roy Allan Cabhill; Ralph E. Gehlbach G. Scott Tittlé; Reynolds
binder. In the future the evaluation of petroleum material may be

. . S . . Metals Company, Carbon and Environmental Tech. Dept., Smelter
driven by raw material availability and environmental regulations.

. S ) . . Tech. Lab., 4276 Second St., Muscle Shoals, AL 35661 USA
This paper will discuss the rationale behind developing coal tar/petro- . .
: ; . : . ; Examination of more than 180 laboratory calcined samples from
leum binder pitches including the future of coal tar pitch supplies, the

. - ) 17 different refineries have resulted in a number of correlations be-
potential environmental advantages of coal tar petroleum pitches, and . ) .
. . tween green and calcined coke properties and their affect on CO2
performance evaluations of coal tar petroleum pitches. Also, proce-

. I reactivity. The observed differences found in the carboxy reactivity
dures for identifying acceptable petroleum components of coal tar/ . ) ) L
. . . behavior between East Asian and South American refineries and North
petroleum pitch will be discussed.

American and Middle East refineries was of particular interest. The

WEDNESDAY PM

2:55 PM carboxy reactivity was found to be directly proportional to calcina-
Increasing Pitch Yield by Thermal Soaking of Tar for Pitch tion temperature for the East Asian and South American refineries and
Manufacture: Olof Malmrog; Stewart H. Alsop Nigel R. Turnet; inversely proportional for the North American and Middle East refin-
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eries examined. Parameters such as%S,%N evolved, impurities, etcpaper presents the results of an extensive experimental program con-
were examined in an attempt to explain this phenomenon. The resultsducted to characterize and optimize the process of fluxing with chlo-
of this study are discussed. rine. One of the unique features of the program is the utilization of an
on-line emissions monitor to control the fluxing process. A 25,000
pound melting furnace in the casting complex at the Reynolds Metals
Company Corporate Research Center was used in these trials. The

Cast Shop TeChnOIOgy: FIUXing and furnace is tilting with porous plugs in the bottom for fluxing. In-line

. . gas fluxing was also done outside the furnace with an efficient spinning
F|Itrat|0n degasser. The experimental results obtained in this study, together with
Sponsored byt ight Metals Division, Aluminum Committee  a theoretical analysis, have allowed Reynolds to construct a detailed
Program OrganizersPauI Crepeau, General Motors model of the alkali metal removal process. This understanding allows

one to significantly reduce chlorine consumption and chloride emis-
sions during the metal refining process.

3:20 PM

Evaluation of a Probe to Detect Salts in Molten Aluminum
Alloys: Dawid D. Smith; Kenneth R. Butchér Selee Corporation,
Eng., 700 Shepherd St., Hendersonville, NC 28792 USA
Wednesday PM Room: Mississippi The use of choloine in the degassing of molten aluminum usually
March 15, 2000 Location: Opryland Convention Center results in the formation of molten salts that compromise the perfor-
mance of downstream filters and results in sporadic releases of inclu-
. . . . sions. This paper describes the development and evaluation of a real
Session ChairDavid V. Neff, Metallics Systems Company time salt probe that detects the presence of liquid salts in molten
LP, Solon, OH 44139-2717 USA aluminum. The theory behind the probe is discussed as well as the
evaluation of the probes in experimental and production environ-
ments.

Corporation, GM Powertrain Group, Pontiac, Ml 48340-2920
USA,; James N. O’Donnell, Commonwealth Aluminum
Corporation, Department of Engineering, Louisville, KY
40202-2823 USA

2:00 PM Introductory Remarks
3:45 PM Break

2:05 PM

Gas Fluxing of Molten Aluminum, Part 2: Removal of Alkali 3:50 PM

Metals: Geoffrey K. Sigworth GKS Engineering Services, 116 Derby  Evaluation of a Filter Developed to Remove Liquid Salts from
St., Johnstown, PA 15905 USA Molten Aluminum: Kenneth R. Butch&rDawid D. Smith; Leonard

The aluminum industry is under continual pressure to improve metal Aubreyt; !Selee Corporation, R&D, 700 Shepherd St., Hendersonville,
quality, while at the same time reduce costs. It is also necessary toNC 28792 USA
reduce undesirable emissions to the environment. The only way to do The use of chlorine as a fluxing gas in the treatment of molten
this is through continual process optimization. In this review a theo- aluminum usually results in the formation of molten salts that can
retical analysis is given for the removal of dissolved alkali metals by compromise the performance of downstream filters and are associated
chlorine fluxing, and suggestions are made for ways to improve the with salt/oxide inclusion agglomerates. The purpose of developing a
process. Particular emphasis is placed on minimization of chlorine salt filter was to reduce or eliminate these problems and to improve
use. final melt quality. Salt filtration is achieved by the use of microporous
2:30 PM media designed to selectively adsorb the molten salt. The theory be-
hind the development of the salt filter is presented as well as the DOE
sponsored performance evaluation of a unit at the Alcoa Technology
Center.

The Alcan Compact Trough Degasser (ACD) Martin Taylor;
Hugo Van Schooneveélt 1STAS, 1846 Outarde, Chicoutimi, Quebec
G7K1H1 Canada2A.N.O. Southwire

The Alcan Compact Trough Degasser (ACD) has been operating in4:15 PM
many plants continuously for more than five years in North America, A New Approach for the Investigation of the Fluid Flow in
Europe, Australia, South Africa and Asia, not only within Alcan instal- Ceramic Foam Filters. Bettina Hiibschen Joachim G. Kriiger
lations but also in non-Alcan plants. The early experience was with Neil J. Keegah Wolfgang Schneidér 'RWTH Aachen, Aachen Ger-
can stock production (ingots), but more recent experience has beenmany;2Foseco Aluminium, Tamworth UKVAW Aluminium AG, Bonn,
with billets, remelt ingots and continuous casting. This paper updates Germany
performance results, not only for degassing but paying particular at-  The filtration efficiency of ceramic foam filters depends strongly
tention to alkaline removal and inclusion removal in non-Alcan plants. on the fluid flow in the channels of the filter. To investigate this two
Extensive testing by various companies, sampled from the more thannew water models were used. The first one was a full scale filter box
40 plants now using the ACD, has shown that up to 90% alkaline model. Tracer tests on the CFF were made to investigate the change of
removal is possible and up to 85% inclusion removal has also beenflow behaviour with flow rate and filter pore size. The transient point
achieved. Conditions are described under which these removal rates ar¢rom laminar to turbulent flow could be determined by pressure drop
obtained using both LimCa and PodFa results for inclusion removal and measurements. The second water model used was a specially designed
Alscan for hydrogen removal. These conditions include the relative single channel model to simulate the flow in one channel of a CFF. By
humidity in the cast house, the type of alloys degassed, the temperapulse input of a tracer, the flow behaviour could be determined quanti-
ture of the molten alloys and the quantities of chlorine and argon gas.tatively. It was found that flow velocity is a crucial parameter for
2:55 PM filtration efficiency. Filtration volume decreases rapidly if filtration

Removal of Alkali Metals From Aluminum: Eddie M. Williams velocity increases thus making deposition of particles more unlikely.

Ron W. McCarthy, Sander A. Levy; Geoffrey K. Sigworth Reynolds 4:40 PM

Metals Company, Corp. Tech. Ctr., 13203 N. Enon Church Rd., Chester,2D Transient Mathematical Model of Aluminum Filtration :

VA 23834 USA;2GKS Engineering Services, 116 Derby St., Johnstown, Duygu Kocaefe Rung Tien Bui; Peter Wait& University of Quebec,

PA 15905 USA Dept. of Appl. Sci., 555 Boul. De I'Universite, Chicoutimi, Quebec,
The alkali metals Na, and to a lesser extent Li and Ca, are found asCanada?Alcan International Limited, P.O. Box 1250, Jonquiere, Que-

undesirable impurities in aluminum. These must be removed to ex- bec, Canada

tremely low levels for acceptable product quality. The traditional way A two-dimensional mathematical model has been developed for

to refine the metal is to flux with chlorine and an inert gas. This representing the dynamic behavior of the filter bed. This model in-

process is poorly understood, however, and excessive chlorine con-yolves the solution of Navier-Stokes equations for the flow field and

sumption and chloride emissions to the atmosphere may occur. Thisthe inclusion mass fraction equations for the concentration field. All
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the relevant physical phenomena taking place in the bed are takentEng., Akron, OH 44325-3903 USAAluminum Company of America,
into account. The inclusion deposition and re-entrainment are repre-Alco Tech. Ctr., 100 Technical Dr., Alcoa Center, PA 15069 USA
sented as a source term of the mass fraction equation. The model The effective design of structural components for use in the aero-
accounts for the change of bed porosity and bed particle size with space, automotive and related ground transportation industries de-
inclusion deposition as a function of bed depth and time. The pressuremands satisfactory performance from the material under conditions of
drop is calculated from Ergun equation. The mechanisms involved in cyclic stress and strain amplitude control. In this connection, a study
aluminum filtration are not well known. However, the model appears has been made to understand the influence of test temperature on high
to predict the trends observed in the industry reasonably well. In this strain low-cycle fatigue and fracture behavior of aluminum alloy 2524,
paper, the various applications of the model such as effect of bedin the T351 microstructural condition. Test specimens of the alloy
segregation on the filter behavior will be presented. were cyclically deformed using fully-reversed tension-compression load-
ing, under total strain-amplitude control, over a range of strain ampli-
tudes giving less than 104 cycles to failure, and at three different test
temperatures. In this presentation, the low-cycle fatigue properties

Cyc"c Deformation and Fatigue of and fracture characteristics of the alloy will be highlighted in light of

. . . . competing and mutually interactive influences of cyclic plastic strain
Materlals; A SymDOSIUm in Honor Of amplitude, concomitant response stress, intrinsic microstructural ef-
Professor Campbe” Laird: Environ- fects and dislocation-microstructure interactions during cyclic strain-

. ing. The influence of test temperature on cyclic stress response, cyclic

mental Fatlgue strain-strain characteristics, fatigue-life and fracture behavior will be
Sponsored byASM International: Materials Science rationalized.
Critical Technology Sector, Structural Materials Division, Jt. 2:50 pm
Mechanical Behavior of Materials Fatigue Behavior and Thermography of Pressure Vessel Steels
Program Organizers:Zhirui Wang, University of Toronto, at 1,000 Hz and 20 Hz P. K. Liaw; H. Wang; L. Jiang; B. Yangd; J.

Department of Metals and Materials Science, Toronto, Y. Huang: R. C. Kug; J. G. Huang The University of Tennessee,
P Dept. of Matls. Sci. and Eng., Knoxville, TN 37996-2200 US@ak

Ontfar'o Canada; Charles M.cMahqn, University C?f Per_msyl' Ridge National Laboratory, Oak Ridge, TN 37831 USkstitute of
vania, Department of Materials Science and Engineering,  Nuclear Energy Research, P.O. Box 3-14, 1000 Wenhua Rd., Chiaan
Philadelphia, PA 19104 USA; Pedro D. Peralta, Arizona State Village, Lungtan, Taiwan 325Taiwan Power Company, Taipei, Tai-
University, Department of Mechanical and Aerospace wan

Engineering, Tempe, AZ 85287-6106 USA; J. K. Shang, Fatigue behavior was investigated on reactor pressure vessel (RPV)

Uni itv of lllinois. D t t of Materials Sci d steels (SA533B1I2) at 1,000 Hz and 20 Hz. The microstructure of the
niversity ot lliinols, Department ot Materials science an steel is a tempered martensite. Using round-bar specimens, loads were

Engineering, Urbana, IL 61801 USA applied at 1,000 Hz and 20 Hz to study the fatigue characteristics of
RPV steels at different frequencies. A thermographic infrared detec-
Wednesday PM  Room: Canal A tion system has been used to measure the temperature profiles of

March 15. 2000 Location: Opryland Convention Center fatigued specimens at 1,000 Hz and 20 Hz. Four stages of temperature
' ' profiles were observed during fatigue testing: an initial increase of thg

. . . . . specimen temperature, a saturation-temperature region, an abrupt i
Session ChairsP. K. Liaw, The University of Tennessee, crease of temperature, and a drop of temperature following specimg
Dept. of Matls. Sci. & Eng., Knoxville, TN 37996-2200 USA; failure. A shorter life of the test specimens has been observed at 1,0
H. Yaguchi, Kobe Steel Limited, Met. Rsch. Labs., Eng. Div., Hz and 20 Hz. At the same time, a higher saturation-temperatur
Japan above 100C can be reached at 1,000 Hz, depending on the applie

maximum stress level, while at 20 Hz, it approaches only about 23 t
24°C. A much greater temperature generated at 1,000 Hz than 20

2:00 PM can result in a shorter fatigue life at 1,000 Hz. The micro-cracking
Interface Damage Mechanism during High Temperature Fa- behavior and the damage mechanisms responsible for the fatigue li
tigue Test in SiC Fiber-Reinforced Ti-15-3 Matrix Composite will be elucidated. Research supported by Taiwan Power Compan
Yoshihisa Tanaka Yutaka Kagawg Y. -F. Liut; Chitoshi Masudg National Science Foundation (DMI-9724476 and EEC-9527527 wit

INational Research Institute for Metals, Processing Matl. Div., 1-2-1, Dr. D. Durham and Ms. M. Poats as contract monitors, respectively
Sengen, Tsukuba-shi, Ibaraki-ken 305-0047 JapBime University of the U.S. Department of Energy Secretary for Energy Efficiency ang
Tokyo, Instit. of Industrial Sci., 7-55-1, Roppongi, Minato-ku, Tokyo Renewable Energy, and Office of Transportation Technologies, as pa
106-8558 Japan of the High Temperature Materials Laboratory User Program unde
It is well-known that the progress of interface debonding and sliding contract DE-AC05-960R22464, managed by Lockheed Martin En
in fiber-reinforced composites plays an important role in the compos- ergy Research Corporation.
ite damage evolution. The present study focused on the interface
damage mechanism occurring during isothermal fatigue test of an
unnotched in SiC (SCS-6) fiber-reinforced Ti-15-3 alloy matrix com-
posite. The post-fatigue morphology of the fiber-matrix interface was
obseryed and evaluated_ q‘uant|tat_|v_e|y using atomic force mlcrOSC.Ope'Livermore, CA USA
Abrasive wear due to frictional sliding was observed at near the fiber . .
) ) The effect of temperature on the fatigue of aluminum alloys results
fracture end and the mean amplitude of asperity roughness at the S . ; :
. . . . ~“from a combination of thermally induced changes in the microstruc-
weared interface was found to decrease with the increase of fatigue L .
; ) ture and the intrinsic temperature dependence of the fatigue process.
cycles. The wear behavior showed strongly dependence on the inter- ) ; o
- S ; ; ... These two effects are separated for the first time, and it is shown that
face relative sliding length. The relation between the interface sliding S . . ) s
g : the intrinsic fatigue process is thermally activated. Two distinct re-
length and number of fatigue cycles was assessed using mean roughness

amplitude along the interface. The effect of interfacial wear behavior gimes are identified .For fat|gue'l|ves sxigycles, the actlvgtlon
. . energy is 86kJ/mole in 339 aluminum/15% Kaowool composites and
on load transfer mechanisms was discussed.

120 kJ/mole in unreinforced 5086 aluminum, i.e., in the range re-

3:15 PM

Thermal Activation of Fatigue Damage William J. Baxtet, Donald
R. Lesuet; Chol K. Syn; ':GM, R & D Ctr., 30500 Mound Rd., Warren,
MI 48090-9055 USA;2Lawrence Livermore National Laboratory,

2:25 PM ported for diffusion in aluminum. For fatigue lives >3&1&ycles, the

Influence of Test Temperature on Cyclic Stress Response and  activation energy is 240 kJ/mole. The magnitude of all three activa-
Fatigue Characteristics of Aluminum Alloy 2524 D. Kolar?; T. tion barriers decreases in direct proportion to the applied cyclic stress.
S. Srivatsah P. Magnuseh The University of Akron, Dept. of Mech. These results are consistent with a dislocation model of jog formation

PM
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at low cyclic stresses and the diffusion assisted motion of jogs at high4:55 PM

cyclic stresses. The activation volumes correspond to dislocation loop Fatigue Damage Evaluation in Aluminum Heat Transfer Tubes
lengths of 10 to 30 nm. by Measuring Dislocation Cell Thickness H. Yaguchi; H. Mitani;
K. Nagan@; T. Fujii3; M. Kato; !Kobe Steel Limited, Matls. Rsch.

3:40 PM  Break Labs.;2Kobe Steel Limited, Eng. Div3Tokyo Institute of Technology,

4:05 PM Dept. of Innovative and Eng. Matls.

Influence of Mercury Environment on Fatigue Behavior of Spal- A method to evaluate fatigue damage prior to crack formation in
lation Neutron Source (SNS) Target Materials James T. Broomg aluminum heat transfer tubes which undergo cyclic thermal stresses
J. P. Strizak P. K. Liaw; D. Fielden; L. Jiang; B. Yang; S. J. Pawé] has been developed. In the low cycle fatigue region where dislocation
L. K. Mansut; J. R. DiStefand G. T. Yah#; K. Farret; 1University of cells are formed, cell wall thickness measurement has been found to be

Tennessee, Dept. of Matls. Sci. and Eng., Knoxville, TN 37996-2200 a useful method to evaluate fatigue damage both in laboratory experi-

USA; 20ak Ridge National Laboratory, Oak Ridge, TN 37831 USA ments and in practical devices. The validity of the cell wall thickness
The Spallation Neutron Source (SNS) is an accelerator-based instru-measurement method on fatigue damage evaluation will be discussed.

ment that provides pulsed beams of neutrons by bombarding a mercury

target with intense beams of 1-GeV protons. The facility is being

designed to fulfill the needs of the neutron scattering community in

the U. S. well into the next century. Mercury has been selected as a(General Abstracts: Intermetallics Il:

possible SNS target, and type 316 LN stainless steel has been chosen a ..

a possible target container material. Fatigue behavior of 316 stainlessla\lum|n|deS

steel will be investigated in an air as well as mercury environment. The Sponsored by;TMS

samples will be subjected to fatigue loading in the frequency range of 1 Program OrganizersMark E. Schlesinger, University of

Hz to 1000 Hz. The 1000 Hz test il b f di iall . . . . .
£t z. the 2 tests will be pertormed in & Specialy nrissqyri, Department of Metallurgical Engineering, Rolla,
constructed, temperature-controlled, soundproof room. It will be de-

termined whether or not the frequency and mercury environment MO 65409-0001 USA; Alton T. Tabereausx, Reyn0|ds Metals
have a great influence on the fatigue crack initiation and crack growth Company, Smelter Technology Laboratory, Muscle Shoals,
rate behavior of the cyclically-loaded stainless steel. The ability to run AL 35661-1258 USA; Dan J. Thoma, Los Alamos National
tests at 1000 Hz will greatly reduce testing time and allow for the Laboratory, Materials Science and Technology, Los Alamos,

development of pertinent fatigue results at 109 cycles, which takes } . . .
about eleven and a half days. The possibility of liquid metal NM 87545-0001 USA, Patrice E.A. Turchi, Lawrence

embrittlement (LME) will also be investigated by comparing the re- Livermore Nat“c_m_al Laporatory, Materials Science and
sults in air and mercury environments. The samples will be one of two Technology Division, Livermore, CA 94551 USA
types. The first type, for uniaxial testing, is a rod with a gauge section.

The second type is a disc, which is used to simulate the loading CO“di'Wednesday PM Room: Johnson A/B

ti ft t tai terials. Calculati h b f d . .
fon of target container matenais. L-ajcuiations have been periormed y,a.ch 15 2000  Location: Opryland Convention Center
to determine the displacement necessary to achieve bending stresses

to exceed the yield strength of the samples at 1000 Hz. The fatigue

results will be discussed in light of the application of 316 stainless steel Session Chair:Joseph W. Newkirk, University of Missouri-
as a target container material in the SNS system. Research sponsoreRolla, Dept. of Met. Eng., Rolla, MO 65409-0340 USA

by the Division of Materials Sciences, Office of Basic Energy Sciences,

U.S. Department of Energy, under Contract DE-AC05-960R22464

with Lockheed Martin Energy Research Corporation. In addition, J. B. 2:00 PM ) )
and P. K. L. are very grateful to the support of the Oak Ridge National Effect of W, Mo and V on Tensile and Creep Properties of
Laboratory under the contract number, LMER 4500007186, to the Orthorhombic TiAINb-Based Alloys Masuo Hagiwara Feng
University of Tennessee. We would also like to acknowledge the sup- 1ang: Satoshi Emura *National Research Institute for Metals, The
port of the National Science Foundation [DMI-9724476 and EEC- 1hird Rsch. Grp., 1-2-1 Sengen, Tsukuba, Ibaraki 305-0047 Japan

9527527 with Dr. D. Durham and Ms. M. Routs as program managers, 1€ orthorhombic (O-phase) AiNb-based alloys are potential
respectively]. high temperature materials for aircraft applications. Ti-22Al-27Nb is

a two phase OB alloy and is said to have the best balance of tensile,

4:30 PM creep and fracture toughness properties. In order to increase the me-
Corrosion Fatigue Behavior of a Zr-Based Bulk Amorphous chanical properties further, transition elements (W Mo and V) were
Metal: V. Schroedet R. O. Ritchi¢; University of California, Dept.  added to this alloy by substituting them for a part of Nb in an amount
of Matls. Sci. and Mineral Eng., Berkeley, CA 94720-1760 USA depending on their beta stability. Six new alloys containing different

Recently, a number of strongly glass-forming metallic alloys have amount of W, Mo or V were prepared, and their microstructures,
been found; one commercial alloys is,ZFi,; Lu,, Ni,Be,, 5 (at.%). tensile and creep properties were investigated. The test results showed
Our initial investigations of this Zr-based metal revealed that it has that W is effective on increasing the high temperature tensile strength
high tensile strength (~1.9 GPa), good toughness~k8-59 MPam), and creep resistance.

and fatigue-crack growth properties in room air that are comparable

to ductile crystalline metals. Despite such promising mechanical prop- 2:20 PM ) ) ) )

erties, in an aerated 0.5 M NaCl solution, we find that fatigue-crack 1€ O(rthorhombic)-Phase Embrittlement in Nb-Ti-Al Alloys:
growth rates increase dramatically, by 2-3 orders of magnitude. In the Sundar Amancherta Richard Grylls; Hamish L. Fraser The Ohio
present study, we examine this large increase in fatigue-crack growthState University, Dept. of Matls. Sci. and Eng., 477 Watts Hall, 2041
rates with the specific goal of identifying the role of environment in Collége Rd., Columbus, OH 43210 USAGE Aircraft Engines, 1

the fatigue-crack growth process. To this end, fatigue testing has beepfNeumann Way, MBS, Cincinnati, OH 45215 USA ) )
performed in a number of environments, including de-aerated 0.5 M Advanced jet engine design requires new structural materials with
NaCl, 0.05 M NaCl, de-ionized water, and 0.5 M Nagl@nder both higher temperature capability, lower density, adequate toughness and
open circuit and potential control; in addition, static load testing has Producibility. A candidate system is the Nb-Ti-Al system which exhib-
been performed in an aerated 0.5 M NaCl solution. It is found that the itS 900d high temperature properties as well as room temperature

effect of sodium chloride solution depends on an anodic process that isductility in certain compositional ranges. However, at intermediate
active under cyclic and static loads (stress-corrosion cracking), and temperatures (<100Q), some alloys in this system show a substantial

depends on the concentration of the solution and the identity of loss of ductility and tend to be embrittled. Thus, recent research con-
anions in the solution. ducted on the tensile behavior [Hou, 1994] and discontinuous yield

behavior [Perungulam, 1997] of some alloys in this system shows
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strong evidence for a significant decrease in ductility at intermediate
temperatures. This embrilltlement may be attributed to the O-phase
which forms at intermediate temperatures in these alloys. The O-
phase has a stoichiometry of,AINb with the orthorhombic crystal

structure. Tensile tests have been conducted on specimens which hav

to FeAl and TiC in sintering. The formation procedure and mecha-
nism of in-situ composites will be presented.

3:40 PM Break
d4:10 PM

been heat-treated at various intermediate temperatures to determineSolid-State Joining Behavior of TiAl Based Alloys with Vari-
whether or not there is a functional dependence between embrittlementous Microstructures: Yuehui Hé; Peter K. Liaw; Baiyun Huang;

and the formation of the O-phase. Samples deformed and fractured

1The University of Tennessee, Matls. Sci. and Eng. Dept., Knoxville,

have been characterized using SEM and TEM techniques, and theTN 37928-2200 USA2Central South University of Technology, Pow-

relationship between microstructure and properties will be discussed.

2:40 PM
Microstructure and Mechanical Properties of As-Cast and Aged
Nb-15 at.% Al-10 at% Ti, -25 at.% Ti and -40 at.% Ti Alloys:
Dah-Liang Guah Charlie R. Brooks Peter K. Liaw; !University of
Tennessee, Matls. Sci. and Eng., Knoxville, TN 37996 USA
Compression tests have been conducted &t®@0 a strain rate of
104 st for Nb-15 at.% Al-10 at.% Ti, -25 at.% Ti and -40 at.% Ti
alloys in the initial conditions and after aging. The 10Ti and 25Ti
alloys were in the as-cast condition, and the 40Ti alloy was in the hot-
rolled condition. Specimens were aged for 10 or 100 h at 600, 900 and
110C¢°C. The microstructures were characterized by optical and scan-

ning electron microscopy. There was a marked increase in strength for,

all conditions as the Nb content increased. This is attributed to solid

solution strengthening by the Nb, but the increased presence of the

harder NRAI & phase also contributed. The 40Ti alloy remained a

single phase (B2 structure) for all heat treatments, and there was no

significant effect of aging on the strength. The 25Ti and 10Ti alloys

der Metallu. Rsch. Instit., Changsha, Hunan 410083 PRC

The solid-state joining behavior of TiAl based alloys with various
microstructures for the hot-press/diffusion and superplastic-deforma-
tion/diffusion joining processes has been investigated using Vacuum
Hot-press Furnace and Thermal-imitation Machine. The mechanical
properties of the joined component materials at room temperature
were measured. Test results show that the original microstructure sig-
nificantly affects the joining property of TiAl based alloys. When the
as-cast TiAl based alloy with coarse full lamellar microstructure was
used as a couple components, the recrystallization would take place on
the joining boundary for two solid-state joining processes. The fine
duplex microstructure forms on the joining boundary. Remaining holes
exist in the joining boundary due to the difficulty of plastic deforma-
tion on the joining surfaces. The fracture failure of the joining compo-
nent of coarse full lamellar materials trends to occur in the joining
boundary under the tensile load so that the joining component exhibits
the lowest tensile properties at room temperature.

4:30 PM +

showed increased strength with increased aging temperature and timeThe Effect of Ternary Additions on Solid State Transformations

which correlated with increasing amounts of the@hase.

3:00 PM
The Strain-Induced Paramagnetic to Ferromagnetic Transition
in FeAl: lan Baket; Y. Yang:; D. Wu; P. Martir?; Dartmouth
College, Thayer School of Eng., 8000 Cummings Hall, Hanover, NH
03755-8000 USA20ak Ridge National Laboratory, Metals and Ce-
ramics Div., Oak Ridge, TN 37831 USA

Single crystals of Fe-40Al were cold rolled, and then heated at 10 K
mint in a differential scanning calorimeter (DSC), whereupon three
exothermic peaks were observed. The cold rolling induced a transition
from paramagnetism to ferromagnetism. At room temperature, the

ferromagnetism disappeared upon annealing above the lowest-tem-

perature exothermic peak, but at temperatures below 225 K the an-
nealed specimen still showed a larger magnetic susceptibility than the
unrolled single crystal. Analysis of the possible contributions to the

ferromagnetic behavior suggests that antiphase boundaries (APBS),

principally in APB tubes, are the source. Tensile tests on single crys-
tals at a variety of temperatures followed by annealing in the DSC
have been used to confirm this suggestion. This research was supporte
by National Science Foundation grant DMR 9973977 and U.S. Depart-
ment of Energy grant DE-FG02-87ER4311.

3:20 PM
In-Situ TiC Reinforced Fe-28at%Al Intermetallic Based Com-
posites Manufactured by MA-Pulse Discharge Sintering Pro-
cess Se Hyun K& Bong Gyu Park Yong Ho Park; Hitoshi
Hashimoté; Toshihiko Abé; 1Tohoku National Industrial Research
Institute, Matls. Sys. Div., 4-2-1, Nigatake, Miyagino-ku, Sendai,
Miyagi-ken 983-8551 Japan

Titanium carbide reinforced iron aluminide composites were manu-
factured by in-situ reaction between titanium and carbon during me-

chanical alloying and pulse discharge sintering processes. A homoge-

neous distribution of TiC particles in the JA¢ matrix was achieved
after sintering. As for raw materials 99wt% iron powder, 99.9wt%
aluminum powder, 99.9wt% titanium powder and 99.9wt% graphite
powder were used. The ratio of titanium to carbon was 51.6:48.4,
which is the ratio in TiC formed during in-situ melting process. To
examine the effect of mechanical alloying, the specimens with the
same composition were sintered after mixing. All the alloys were
evaluated metallographically, by SEM-EDX analysis and by XRD for
phase identification. Supersaturated iron solid solution was obtained by
mechanical alloying, resulting in the extension of solid solubility in
iron. Supersaturated aluminum, titanium and carbon were precipitated

in Undercooled and Rapidly Quenched Gamma Titanium
Aluminides: Timothy Montgomery Millef; James Wittig; William
H. Hofmeistet, 1Vanderbilt University, Matls. Sci. and Eng., 24 th and
Highland, Nashville, TN 37212 USA

Microstructural analysis of undercooled and rapidly solidified
Tisoand aganeoas (X = Cr, Nb, Mo) reveals different solid state phase
transformation kinetics for each ternary alloy. Samples (0#40g04g)
are electromagnetically levitated, induction melted, undercooled be-
low the melting point by flowing UHP helium over the liquid drop, and
rapidly solidified by twin anvil splat quenching. The rapidly quenched
microstructures were analyzed using standard optical microscopy, sca
ning electron microscopy (SEM) and transmission electron micros
copy (TEM). Deeper undercooling results in a faster solidification
rate, a thicker sample, and subsequent slower solid state cooling. For
alloys, rapid solidification produces an equiaxed hexagonal alpha strug
ture, which transforms in a massive fashion to the tetragonal gam
phase. The lamellar two-phase microstructure is completely suppressq
Although the massive transformation is observed in all alloys for all
Hndercoolings, the amount of massive transformation product is dg
pendent upon the degree of undercooling and the type of terna
atom.

4:50 PM
Solidification Structures of Ti-Al-Mo Alloys: Paula R. Alonsh
Eduardo E. Vicente Gerardo H. Rubiolg Comisién Nacional de
Energia Atémica, Dept. de Materiales, Av. del Libertador 8250, Bueno
Aires 1429 Argentina

The high-temperature JAIMo intermetallic compound (B2 struc-
ture) has been of recent interest as a component of refractory-based
superalloys. However, its range of existence, both in temperature and
composition, is not well established. In the present work the region of
the ternary phase diagram close to theAllWlo stoichiometric com-
position was investigated. The alloys were prepared in a non-consum-
able electrode arc furnace. Their solidification structures were exam-
ined by optical and scanning electron microscopy, and analyzed by X-
ray diffraction and electron-probe microanalysis. The results show
that the B2 ordered phase is formed in the Ti-Al-Mo system.
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General Recycling of Materials: Topics
Related to Ferrous and Heavy Metals
Recycling

Sponsored byExtraction & Processing Division, Light
Metals Division, Recycling Committee

Program OrganizersGuy Fredrickson, Reynolds Metals
Company, Smelter Technology Laboratory, Muscle Shoals,
AL 35661 USA,; llaria Accorsi, Daimler Chrysler, Toledo, OH
43606 USA

Wednesday PM Room: Canal C
March 15,2000  Location: Opryland Convention Center

Session ChairsGerrit H. Nijhof, Nijhof Consultancy, 2102
KN Heemstede, The Netherlands; Xiangwen Wang,
Reynolds Metals Company, Smelter Tech. Lab., Muscle
Shoals, AL 35661 USA

2:00 PM Introductions and Opening Comments

2:10 PM
The Use of Life Cycle Assessment (LCA) for the Environmen-
tal Evaluation of the Recycling of Galvanized Steel Christina
Viklund-White; Mefos, New Tech. Dept., P.O. Box 812, Luled SE-
97125 Sweden

The potential environmental impacts of the disposal of zinc used

these wastes is a rotary hearth furnace (RHF). To date four plants have
been built, two for minimill dusts, one for iron ore fines and one for a
mix of fines and integrated waste oxides. None have been particularly
successful to date. This paper reviews and critiques those operations,
analyses other pro posed systems, looks back at previous efforts to
utilize RHF’s in similar service, and evaluates the long term potential
for successful performance of these units.

3:00 PM
Decreasing Acid, Ammonia and Manganese Usage of Electro-
lytic Manganese Production by Recycling MOR Fume Arash
M. Kasaaian; 1Eramet Marietta Inc., P.O. Box 299, Marietta, OH
45750 USA

The current manganese source for production of electrolytic man-
ganese at Marietta plant is a special slag from high carbon
ferromanganese furnace operation. A new process has been developed
which uses fume from refining of high carbon ferromanganese. The
fume was very hard to recycle into the submerged arc furnaces. In the
new process the fume has been used advantageously. The use of the
fume increases the recovery of manganese and reduces the use of
sulfuric acid and ammonia. The new process is based on leaching the
fume with SQ under strict control of oxidation reduction potential,
removing Fe by oxidation and removal of Si from the process solution.

3:25 PM Break

3:50 PM
Characterization of Electric and Electronic Scrap  Menad Nour-
redding; Bo Bjorkmart; !Luled University of Technology, Dept. of
Process Metallu., Luled SE-971 Sweden

Electric and electronic scraps are heterogeneous mixtures with
mainly copper, aluminium, and iron attached to or mixed with various
types of plastics and ceramics. Typically, small amounts of precious
metals are incorporated in these mixtures. Today, electric and elec-

for galvanizing steel have, by the use of Life Cycle Assessment (LCA), tronic scraps constitute an environmentally problematic fraction in
been compared to recycling. A number of hypothetical recycling routes \aste disposal. Their physico-chemical characteristics have been in-

were composed involving three different EAF dust treatment pro- yestigated through chemical, x-ray diffraction, infrared spectroscopy,
cesses, Waelz kiln, DC-furnace, and Ezinex, as well as scrap dezincingscanning electron microscopy and thermal analyses.

The study shows that recycling of zinc used for galvanizing steel clearly
has environmental benefits in that it saves zinc resources. However,4:15 PM ) .

zinc recovery does not necessarily decrease the potential impact onfR€cycling of Manganese from Industrial Residues by an Elec-
global warming and acidification. The magnitude of these two impact rochemical Leaching  Philippe Henry; André Van Lierdg *Meura
categories is tightly correlated with the amount and type of primary 1echnologies, RD, Voie Minckelers 1, Louvain-la-Neuve 1348 Bel-
energy consumed in a process. The high electricity consumption in thedium; *Cath. University of Louvain-la-Neuve, Place Ste Barbe 2,
dezincing process resulted in that this route has the highest impact on-ouvain-la-Neuve 1348 Belgium

Global Warming Potential as well as Acidification Potential. The ma- A novel electrochemical cell has been developed for the recovery
jor part of the energy required for the production of primary zinc from ©f MnO, from pyrolusite ore leaching residues loaded with Fe, Al, Ni,
primary as well as from secondary sources is consumed in the reductionC® @nd Si impurities. This new process can be considered as an alterna-
of ZnO to Zn. The consequence is that the theoretically possible tive to the traditional methods: $0H,0, or bioleaching. It has been
savings in primary energy by recycling zinc-containing materials is ©PServed to proceed fairly rapidly and could prove to be a more eco-
relatively small. The impact categories land use and waste generation®mically viable process, as well as being more environmentally ac-
are not considered in this study, but most likely the evaluation of ceptable. EIectro_chemlca_I characterisation and kinetic studies have
impacts such would further increase the potential environmental im- Shown that MnQ s effectively leached by electrogenerated ferrous
pact of the landfill alternative. The results also show that the location 10nS. The chemical reactions are: Cathode (inox): 2 F& e 2 Fe,,

of an electricity-intensive process highly affects the potential envi- Bulk: MnO, + 2 Fg, + 4 HMn,, + 2 Fe, + 2H,0, Anode (Pb-Ag): KD
ronmental impact. Comparing process and material alternatives in 72 Q,+2H +2e G'Ot_’a“ MnQ + 2 H*Fe.z Mn, +H,0 + % Q The

LCA studies where branch average data is used is therefore considercatholyte (MnQ pulp) circulates upward in the expanded mesh cath-
ably more intricate than when LCA is used within a company. ode separated from the sulphuric acid solution anolyte by a diaphragm
which shows high mechanical resistance, low porosity, low potential
drop, and reasonable cost. Laboratory and mini-pilot tests has led to
the construction of an operating pilot plant (100 kg residue/hr) able to

2:35 PM
Use of Rotary Hearth Furnaces for the Recovery and Recycling

of Iron Units from Steel Mill Wastes: An Idea Whose Time Has leach more than 95% of Mn, Ni, Co at 1000-1500 A/BC°C with

Come, or Will Never Come? Larry M. Southwick *L.M. Southwick high faradic yield (> 95%) and low power consumption. (3.2 kWh/kg

& Associates, 992 Marion Ave., Ste. 306, Cincinnati, OH 45229 USA Mn). New applications like the treatment of spent batteries, polluted
There is mounting interest in recovering and recycling iron units soils and spent catalysts are now investigated at a laboratory and mini-

from steel mill wastes. Materials being utilized as feeds include minimill pjjot scale.

electric arc furnace dust (which is an EPA-classified hazardous waste),

various dusts and sludges generated by the blast furnaces, BOF's an@40 PM ) o

other units in integrated mills, as well as iron ore fines produced during NeW Technique for Recovery of Titanium Component from Blast

the shipment of iron ore or taconite pellets. The interest is driven by Furnace Slag Yuhai LE Taiping Lou; Zhitong Suf; Northeastern

(i) the increasing need for quality iron units, (ii) the potential decreas- University, School of Matls. and Metallu., P.O. Box 119, Shenyang

ing scrap supply and the desire to find suitable alternatives, and (iii) 110006 PRC . N

current and potential future regulations relating to these wastes. At __More than 3 million tons ‘_3f blast _furnac_e slag containing about 25%

present, the most popular system to produce quality iron units from 119, are produced by smelting V-Ti bearing magnetite every year at

160



161

the Panzhihua Iron and Steel Company works. However, because ofTech. and Metallu., Karnegijeva 4, P.O. Box 5303, Belgrade 11000
the dispersed distribution of the Ti component in various mineral Yugoslavia

phases, the very fine grain size (<ubf), and the effects of complex The recycling of Ni-Cd batteries is a big problem in automobile
interfacial combinations, it is difficult to recover the Ti component industry in the world for a long time. Generally, these spent batteries
from the slag by traditional separation techniques. As a result, the slagare recycled in a pyrometallurgical process, whereby the shred cells are
has not been effectively utilized. It is necessary to find a way to blended with other nickel, chrome and iron bearing wastes and smelted
recover the Ti component from the slag. The separated Ti enrichedin an electric furnace, to produce nickel alloys pigs, used as feedstock
part can be used for producing Ti@igment, and smelting Ti-Fe by specialty steel producers. The cadmium portion is converted to
alloys. The process-minerology and SEM observation (with EDX quali- pellets in a retorting unit, for reuse, primarily in the battery industry.
tative analysis) show that several Ti-containing mineral phases occurln this work the waste dust obtained in production of Ni-Cd batteries
in the solidified slag. Perovskite is the phase containing the highestcontained in percentage value: Ni-29.258; Cd-6.848; Co-1.743; Fe-
concentration of titanium, but this phase accounts for less than half 0.0154, Zn-0.0085, moisture-20.00 and remainder. Recycling of Ni-
the total titanium content of the slag. In order to separate the Cd batteries was performed with ammonia-ammonium carbonate solu-
perovskite phase from the slag by mineral dressing methods, it is firsttion below 333 K, and with sulfuric acid in temperature range from 298
desirable to fully grow and coarsen the phase. The present work is ato 373 K. Experimental conditions of leaching and deposition of
study of the effects of additives and heat-treatment on the precipita- nickel and cadmium were investigated by hydrometallurgical methods.
tion and growth behavior of the perovskite phase in the slag. Relatively spherical particles of nickel and cadmium have just been
5:05 PM obtained by leaching of the waste dust. Special attention was paid to

Metal Values Recovery from NiMH Batteries Carla Lupi; Daniela the separation of nickel from cadmium. The main goal (.)f this study
) A . . . was to safely and properly collect and recycle whole Ni-Cd battery
Pilone; Giuseppe CannavaleAlessandro Pescetélli University of waste reusing all component materials
Roma “La Sapienza”, Dept. ICMMPM, Via Eudossiana 18, Roma 00184 g P '
Italy; 2Mo.Smo.De. S.a.s., Crotone, Ital§fexeco Eng., Roma, Italy
NiMH sealed cells (portable cells) are today widely used in all con-
sumer applications replacing primary alkaline batteries: wireless mo-

bile communication, portable computers and camcorders, are the Iarg-High ReSOIUtion EIeCtron Microscopy
est application segments. The Italian market of NiMH cells is steadily | Materials Science: Other App“ca_

growing, following the impressive penetration rate of the cellular .
phones. The organization of a national collecting system and correcttlonS and StrUCtureS

recycling process are the key factors to prevent environmental im- Sponsored byStructural Materials Division, Physical
pact associated to these wastes, while the metal values recovery Ca'MetaIIurgy Committee

improve the feasibility of the recycling process. The University of . . .
Rome, Texeco Engineering S.r.l., and MO.SMO.DE. S.a.s. have devel-PrOgram OrganizersDiane E. Albert, Los Alamos National

oped a combination of mechanical and hydrometallurgical processing Laboratory’ MST-6, T_he Metalll’!rgy Grpup, Los Alamos,
to recover Nickel, and Cobalt salable products and rare earths interme-NM 87545 USA; Martin Allen Crimp, Michigan State

diate products. A new plant located in South Italy, designed after this University, Department of Materials Science and Mechan-
technology, is able to recycle waste Ni-MH batteries collected in the ics. East Lansing MI 48824-1226 USA: John E. Smugeresk

Itali territory, t th ith other industrial d table batteri . . . .
atan teritory, together with ofher industrial and portable batlenes oandia National Laboratories, Department 8724, Livermore,
based on different chemistries. The process is able to treat both indi-

vidual cells and plastic power packs and includes as basic steps ar‘pA 94551-0969 USA
original crushing and elutriation treatment to separate plastic, metallics,
and active mass components that are subsequently treated by a hydrdq'\/ednesday PM Room:CanalD

metallurgical process to recover Ni, Co, and RE. The hydrometallurgi- March 15. 2000 Location: Opryland Convention Center
cal main steps are: acidic leaching, R.E separation, multistage precipi- '

tation of Ni, Co and Fe and final solvent extraction on dissolved Ni . . . .
and Co salts. For each operation the operative condition have been5655|On ChairJohn E. SmuQereSky' Sandia National

determined. Laboratory, Livermore, CA 94550 USA
5:30 PM
Hydrometallurgical Routes for Recycling of Used Alkaline Bat- 2:00 PM

teries: Cleusa Cristina Bueno Martha de Sotuzdorge Alberto Soares HREM of Unusual Incommensurate, Modulated and Disordered
Tenorid; University of Sao Paulo, Dept. of Metallu. and Matls. Eng., Structures in Various Metal Disilicides. Terence E. Mitchel
Av. Prof. Mello Moraes, 2463, Sao Paulo-SP 05508-900 Brazil Amit Misral; Los Alamos National Laboratory, Ctr. for Matls. Sci.,
Currently in Brazil, the final disposal of spent batteries includes MS-K765, Los Alamos, NM 87545 USA
sanitary landfills (for batteries from domestic sources) and hazardous Most of the refractory metal disilicides are metallic and have,C11
waste industrial landfills (for batteries from industrial sources). The C40 or C54 structures which are formed by various stacking sequencée
environmental effects caused by the improper disposal of spent bat-of hexagonal layers. The Group VIl disilicides are unusual in that they
teries have been discussed in the literature for years. Some techniqueare semi-conductors, they are silicon-deficient, and they have a sto-
have been proposed for recycling spent batteries which also have theichiometry close to MSi,; (M = Mn, Tc, Re). In addition, Mn§j, has
economic advantage of recovering metals such as Cd, Hg, Pb, and Znbeen found to exhibit incommensurate structures and Nowotny “chim-
The processing of spent batteries by hydrometallurgical techniques isney-ladder” structures based on the C54 Ti8iit cell. Recently we
an efficient method for recovering such metals. This paper discusseshave found that melt-processed RgSeéxhibits similar incommensu-
the characterization of spent alkalline batteries and the experimentalrate structures except that these are based on the tetragonal C11
results of leaching tests using sulfuric acid as the leachate. After batter-MoSi, structure. The incommensurate periodicity gives rise to orthor-
ies dismantling by mineral processing techniques, the material pro- hombic and monoclinic distortions. Annealing at 1250eads to the
duced was characterized by XRD and AA spectrophotometry to deter- formation of a commensurate structure with a monoclinic unit cell
mine the phases present. The batch laboratory experiments were confour times the size of the Clanit cell. On the other hand, RegSi
ducted to determine the appropriate leaching conditions for the re- films formed by reactive deposition on Si substrates at°65are
covery of zinc. epitaxial and have the C11b structure; however, they contain a very
high density of (001) stacking faults which are apparently formed by
the collapse of vacant Si planes, leading to one-dimensional disorder
of the C17 structure. By comparison, (Mo,Re)Sifilms, formed in
the same way and also epitaxial, have a highly regular modulated

5:55 PM
Hydrometallurgical Recycling of Nickel-Cadmium Batteries
llija B. llict; Srecko R. Stopig tUniversity of Belgrade, Faculty of
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structure (possibly spinodal) with sinusoidal variations of the Mo/Re This work was supported in part by the MSU CFMR, and by the US NSF
ratio normal to the substrate. These phenomena have been studied bynder grants MRSEC DMR 94-00417 and 98-09688.
electron diffraction, high resolution electron microscopy and EDS .
techniques. The phenomena are tied strongly to the difficulty of ac- 4'10. PM . . .
commodating the high density of structural Si vacancies, leading to a/N-Situ TEM Studies of Abnormal Grain Growth in Nano-crys-
' talline Ag: Rand Dannenbetig E. Stack J. R. Grozg B. J. Dressér

series of metastable *frustrated” structures. 1BOC Coating Technology, Fairfield, CA 94533 US#ational Cen-
ter for Electron Microscopy, Lawrence Berkeley Lab., Berkeley, CA
USA; 3University of California-Davis, Dept. of Chem. Eng. and Matls.

2:30 PM
Characterization of Nanostructured Materials by HREM: Harriet
Kung!; 1Los Alamos National Laboratory, Matls. Sci. and Tech. Div., Sci., Davis, CA USA
MS G755, Los Alamos, NM 87545 USA 80 nm thick Ag films were DC sputter deposited onto back-etched
Nanocrystalline materials have been attracting rapidly increasing amorphous silicon nitride membranes. Specimens were annealed in a
interest in the last decade mainly due to the potential gain in a wide heating stage in an in-situ TEM for various temperatures and hold
range of engineering applications. One characteristic feature of nano-times. The grain size distribution of the as-deposited films is bi-modal,
structured materials is the high volume fraction of surfaces, grain with large abnormal grains with 100 nm diameters, embedded in a
boundaries and interfaces. The high surface/interface to volume ratiomatrix of smaller grains of 15 nm diameters. Coarsening begins at
has contributed to interesting physical properties in the areas of cata-temperatures of approximately 1@ and quickly reaches a plateau.
lysts, magnetics, optics, and structural applications. The structural The growth process restarts only after sufficient temperature increases,
constraint may also stabilize unusual phases with unique properties.and plateaus at each succeeding temperature. Using a variation of the
HREM is an excellent tool in the characterization of nanostructured Mullins-Von Neumann law, the activation energy for the abnormal
materials due to its superb spatial resolution. In this presentation, | will growth is found to be 0.23 eV consistent with surface diffusion. Grain

review several HREM studies on the characterization of the defect

growth appears to stop above temperatures of @58ventually lead-

structure, grain boundary structure, unusual phases, and structural staing to triple junction pore formation at 350 and de-wetting of the

bility of metallic powders/compacts and multilayers. Specifically, the
role of defects in affecting the mechanical properties of nanostruc-
tured materials will be discussed.

3:00 PM Break

3:30 PM
HRTEM Analysis of GMR Spin Valve Multilayers: Hong Geng
John W. Heckman William P. Pratt; Jack Bass Martin A. Crimp;
1Michigan State University, Matls. Sci. and Mech., East Lansing, Ml
48824 USA;2Michigan State University, Dept. of Phys. and Astro.,
East Lansing, M| 48824 USA

The Giant Magnetoresistance (GMR) effect in multilayer spin valves
(SV) is very sensitive to the film structure. Therefore, it is important
to characterize the structure of the SV multilayers to correlate this
with their magnetic properties. In this study, GMR SV structures, of
the form [Nb//Cu/FeMn/Permalloy(Py)/Cu/Py//Nb] and [Nb//Ag/Py/
Ag/Py/FeMn/INb], grown on Si (001) substrates, were characterized
using conventional and high-resolution transmission electron mi-
croscopies (CTEM and HRTEM). CTEM revealed that the layers are
generally polycrystalline with columnar/epitaxial growth through the
layers. HRTEM images revealed that the growth of the Nb contacts
and SV layers occurred on close-packed planes ({110} for BCC and
{111} for FCC). HRTEM analysis also revealed that non-equilibrium

structures exist in certain regions of some of the SV layers. Computer

simulations and comparisons of the proposed non-equilibrium struc-
tures, within the imaging and resolution limits of the microscope used,
support these findings.

3:50 PM
HRTEM Study of Epitaxial Magnetic Multilayers and Spin-
Valves Grown by Dc Sputtering Hong Gend, Reza Loloeg Wil-
liam P. Pra& Martin A. Crimp; !Michigan State University, Dept. of
Matls. Sci. and Mech., 3536 Eng. Bldg., East Lansing, M|l 48824-1226
USA; 2Michigan State University, Dept. of Phys. and Astro., 2B Phys-
ics Bldg., East Lansing, Ml 48824 USA

The study of giant magnetoresistance (GMR) in magnetic multilayers

film from the substrate at 60G.

4:30 PM
Hydrogen-Induced Phase Transformations in Titanium Alumi-
nides Marc De Graef, Bryan Molloseay Carnegie Mellon Univer-
sity, Matls. Sci. and Eng., Roberts Eng. Hall 130, 5000 Forbes Ave.,
Pittsburgh, PA 15213-3890 USA

We report on the structure determination by means of high resolu-
tion transmission electron microscopy and neutron diffraction of a
new ternary hydride in a cast Ti-48Al-2Cr-2Nb duplex alloy, hydrogen
charged at 80 and 13.8 MPa. The hydride has a structure belonging
to the Cmm2 space group and is pseudo-tetragonal. The hydride grows
from thea, phase and completely replaces the latter. HRTEM was used
in combination with electron and neutron diffraction to determine the
metal atom positions. The Cmm2 hydride can be considered to be the
end member of a series of hydrides which differ from each other in
terms of defect densities. We will also report on the analysis of three
different planar defects in the related tetragobdlydride.

High Temperature Processes for Waste

Treatment & Minimization: |

Sponsored byExtraction & Processing Division, Waste
Treatment & Minimization Committee

Program OrganizersBrajendra Mishra, Colorado School
of Mines, Kroll Institute for Extractive Metals, Golden, CO
80401-1887 USA; Patrick R. Taylor, University of Idaho,
Department of Metals & Mining Engineering, Moscow, 1D
83843-3024 USA

Wednesday PM Room: Jackson A/B
March 15,2000  Location: Opryland Convention Center

and spin-valves has shown that the electrical transport in these mate-

rials is structurally dependent at the micro and atomic level, with film
growth direction and interfacial structure playing important roles. In
this study, (Cu/Co) magnetic multilayers and (Cu/Py/Cu/Py/FeMn) spin-
valves have been epitaxially grown using dc magnetron sputtering on
(1-10) Nb buffer layers that were deposited on (11-200Alsub-
strates, where Py=permalloy (NiFe). Cross-section conventional and
high-resolution transmission electron microscopy (CTEM and HRTEM)
studies have been performed to investigate microstructural features o
the multilayers, such as degree of epitaxy, interfacial structure, layer
quality, layer orientations and defects. Fast Fourier transform (FFT)

image analysis has been employed to assist interpretation of the HRTEM

images. The results will be compared with those from similar polycrys-
talline magnetic multilayers and spin valves grown by dc sputtering.

Session ChairsBrajendra Mishra, Colorado School of
Mines, Metallu. & Matls. Eng., Golden, CO 80401 USA;
Patrick R. Taylor, University of Idaho, Metallu. & Min.,
Moscow, ID 83843 USA

f2:00 PM

Nitrogen Oxides of Formation during the Combustion of the
Blast Furnace and Coke Gases and Their Mixtures Leonid P.
Gres!; Michael I. IvanoV; Alexey N. LozhKg !State Metallurgical
Academy of Ukraine, Therm. Eng. Dept., 4 Gagarin Prosp,
Dniepropetrovsk 320635UA Ukraine
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Industrial heat generating facilities and automobiles, in which vari- The material balance over the furnace indicates that for every ton of
ous types of fuels are combusted comprise the main sources of deletefeed processed, 540 Ib. of cast iron, 600 Ib. of slag, and 150 Ib. of dust
rious emissions (NOx, SOx, CO, and0€&,,) into the environment. would be produced. Energy consumption was roughly 1.10 kWxh/Ib of
The available literature contains adequate data on the mechanisms ofeed material. Prior experience suggests that these figures measured in
formation of nitrogen and carbon oxides and their concentration, the bench-scale furnace would translate to 0.40 to 0.50 kWxh/Ib at the
when heat generating fuels are burned, such as fuel oil, powdered coaljndustrial-scale.
natural gas. But as far as metallurgical fuels are concerned, such as bla%,30 PM Break
furnace gas and coke gas and their mixtures, their is lack of such data™"
and very often the available data are contradictory. Studies have beer8:45 PM
carried out to determine the concentrations of deleterious emissions inElectron Beam Processing for Waste Treatment Vadim J.
the off-gases of blast furnace stoves, as well as type and concentratiodabotinski; Francis H. (Sam) Frogs tUniversity of Idaho, Instit. for
of the nitrogen-containing blast furnace gas components. CalculationsMatls. and Adv. Process., Moscow, ID 83844-3026 USA
have shown that if all the combined nitrogen present in me blast Electron beam processing offers great technical and economic ca-
furnace gas in form of gaseous compounds and dissolved in the condenpabilities for the high temperature treatment of hazardous materials.
sate is fully transformed into NOx, then the portion of the “fuel” A uniquely high power efficiency of the electron beam sources of
nitrogen oxides my reach 10-68%. In order to compare the results of energy (80-90% of the power from the electric power line is converted
the studies, samples of water from the coke quenching tower and of theto useable energy) suggests that this technique will be a major waste
coke gas condensate were also selected. Thus, during the combustiotreatment technology in the not far future. This paper will consider
of the blast furnace and coke gases or their mixture-"fuel” NOx are advanced electron beam concepts for solid, liquid, and gaseous waste
formed which can make a substantial contribution to the “thermal” treatment such as stabilization of radioactive solid and liquid hazardous
nitrogen oxides. streams. Fundamental aspects and applications including an economic
potential of the electron beam waste treatment will be discussed.

2:30 PM

Titanium Behavior and Applications in Waste Treatment Pro- 4:15 PM

cesses J. S. Grauman Stephen P. Fox TIMET, Henderson Tech. Kinetics of Non-Isothermal Precipitation Process of Perovskite
Lab., P.O. Box 2128, Henderson, NV 89009 USA Phase in CaO-TiQ-SiO,-Al,0,-MgO System Yuhai L#; Taiping

Titanium has provided nearly twenty years of service in wet air Lou!; Yuhu Xia; Zhitong Su}; Northeastern University, Metallu.
oxidation (WAO) waste treatment facilities. In addition, titanium has Dept., Shenyang, Liaoning 110006 PRC
been used for more than ten years as lining material in flue gas desulfu-  Kinetics of non-isothermal precipitate process and crystal growth
rization (FGD) systems of coal fired power plants. The drive to use of perovskite (CaO.Ti¢) phase in CaO-Ti@SiO,-Al,0,-MgO system
titanium in these type of systems has been the unusually corrosivewere studied. The experimental results show that the relative volume
environments that can be encountered when chemically treating afraction can be described by the equation given by K. Matusita et al.
waste product. Highly oxidizing, acidic solutions must sometimes be and the experiential expression of average crystal radius was obtained.
employed (or are the result) of waste stream processing. Titanium andThe particle coarsening in non-isothermal process has important ef-
its alloys are uniquely suited to withstand many of the aggressive fects on the crystal growth of perovskite phase.
environments often seen in waste processing systems. This excellent,
. . s . 4:45 PM
corrosion behavior has more recently been utilized in the new genera- .~ . . . . .
: L S -~ Kinetics of Coarsening of Diffusion-Controlled Precipitate
tion processes known as super critical waste oxidation (SCWO). Tita- - S S . S
. . o . . Phase in Non-Equilibrium Systems Taiping Lou; Yuhai Li%;
nium has been identified as one of the few materials capable of surviv-_, . o . .
ing the rigors of this process, designed to treat toxic organic chemicalsZhltong Sut; Northeastern University, Schl. of Matls. and Metallu.,
. ; o : : P.O. Box 119, Wenhua Rd., Shenyang, Liaoning 110006 China
producing simple non-toxic chemicals such as water and. C@is

. . . Lo . The coarsening process of precipitates in non-equilibrium syste

paper will review the current and possible future applications for tita- ) . :
. . ; . were studied, and then a physical model of coarsening was propose
nium in waste treatment systems, as well as the unique corrosion be-

havior of titanium that allows its use in these very demanding pro- The coarsening process of Cao .II MgO-TiO>Al,O;-SIO, QaO
cesses CaF system was investigated. It is shown that the coarsening proce

by the model predicting is agreed with the experimental results.

=
o

3:00 PM
Direct Smelting of Zinc Smelter Wastes in the Electric Arc
Furnace: W. K. O’'Connof; D. C. Dahliri; P. C. Turner, Albany
Research Center, Off. of Fossil Ene., 1450 Queen Ave. S.W., Albany,
OR 97321 USA

An evaluation of the zinc smelter wastes from a former smelter site
in Spelter, West Virginia was conducted at the U.S. Department of
Energy (DOE) Albany Research Center (ARC), in Albany, Oregon.
This evaluation included a characterization study and direct smelting
tests conducted in a bench-scale electric arc furnace (EAF). In contrast
to other thermal treatment technologies considered for these wastes
(i.e., fluidized bed combustion), direct smelting in the EAF can process
100% of the wastes without prior beneficiation, and utilizes solid oxi-
dant additions (in this case iron ore) rather than air to oxidize the
carbon. This solid oxidant addition is advantageous because it results in
the production of several value-added furnace products. These prod-
ucts include cast iron resulting from the reduction of the iron oxides,
baghouse dust containing virtually all of the zinc from the residues, and
a clean (nonhazardous) slag product suitable for recycle as concrete
aggregate or construction fill. Offgas from the smelting furnace also
holds potential as fuel gas for cogeneration. The direct smelting tests
conducted thus far were successful at producing the desired furnace
products, exhibiting the potential for complete recycle of the waste
pile. A cast iron product of comparable quality to conventional cast
irons was produced, at nearly 80% iron recovery to the metal. The slag
product was determined to be nonhazardous, based on the EPA TCLP.
Lead and zinc partitioning to the dust product was greater than 99%.
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Honorary Symposium for Professor

Oleg D. Sherby: Superplasticity A
Sponsored byStructural Materials Division, Materials
Processing and Manufacturing Division, Structural Materi-
als Committee, Shaping and Forming Committee

Program OrganizersEric M. Taleff, University of Texas,
Mechanical Engineering Department, Austin, TX 78712-
1063 USA; Donald R. Lesuer, Lawrence Livermore National
Laboratory, Livermore, CA 94550 USA; Chol K. Syn,
Lawrence Livermore National Laboratory, Manufacturing &
Materials Engineering Division, Livermore, CA 94550 USA

Wednesday PM Room: Bayou E
March 15,2000  Location: Opryland Convention Center

Session ChairWoo-Jin Kim, Hong-lk University, Matls.
Sci. and Metallu., Seoul, Korea

2:00 PM Invited
Mechanical Behavior of Materials Andrew Crowsof !U.S. Army
Research Office, Phys. Sci. Direct., P.O. Box 12211, Research Tri-
angle Park, NC 27709 USA

The Army continues to develop new materials that can extend
systems capabilities beyond the physical limits of conventional mate-
rials. A major focus at the Army Research Office (ARO) in achieving

such capabilities is on understanding the fundamental relationships
between the structure of materials and their mechanical properties as
influenced by composition, processing, environment, stress state, and

plasticity, and toughening mechanisms for preventing or retarding

fracture; especially at large strains (to 1000%) and high strain rates (to
10°). The emphasis is on developing new knowledge of the fundamen-

tal deformation processes in materials including load transfer, fatigue,

creep, transformation toughening, superplasticity, and shear localiza-
tion. In addition, new processing approaches and/or procedures, inclu-

sive of biomimetics and hierarchical materials, are also being investi-
gated to optimize and improve the mechanical behavior and reliability
of materials. This paper will describe programs in this area with special

reference to contributions that have been made by Professor Oleg D.

Sherby under ARO support.

2:20 PM Invited

Superplasticity in the Iron Aluminide Fe,Al(Cr): Gorge

Frommeye¥;, C. Derdet; J. A. Jimenez !Max-Planck Institut fur

Eisenforschung GmbH, Max-Planck-Str. 1, Dusseldorf D-40237 Ger-

many; 2Centro National de Investigaciones Metalurgicas, Madrid, Spain
Superplasticity in an E&l based intermetallic alloy with 3 at. per-

cent chromium in solid solution have been investigated in the strain-

rate range from 1®to 102 s! at test temperatures between 700 and

900°C. The overall composition of the iron aluminide wag/&kg,Cr,

with small amounts of titanium and carbon. In the thermomechanically

bution to the deformation mechanism of superplastic flow in this
material.

2:40 PM Invited
Tensile Ductility Behavior of Superplastic Ceramics Woo-Jin
Kimi; 1Hong-lk University, Metallu. and Matl. Sci., 72-1 Sangsu-dong
Mapo-ku, Seoul 121-791 Korea

The tensile elongation of fine-grained ceramics is shown to increase
as a strong function of decreasing flow stress, even though the values
of strain-rate-sensitivity exponent remains high. This trend in tensile
elongation is explained based on a “fracture mechanics model”. The
tensile ductility dependence on grain size was also investigated for
many fine-grained ceramics either under a constant strain rate or
stress conditions, and could be well explained quantitatively by the
fracture mechanics model. The difference in the tensile ductility be-
havior of superplastic ceramics and metallic alloys can be related to
their different failure mechanisms. The superplastic ceramics deform
without necking and fail by intergranular cracks growing perpendicular
to the applied tensile axis. In contrast, superplastic metallic alloys
commonly fail by intergranular and trangranular mechanisms with
associated void formation in the neck regions.

3:00 PM Invited
Effects of Microstructural Scale on High Temperature Plastic-
ity of Dispersion Strengthened Materials and Composites Rajiv
S. Mishr&; 1University of Missouri-Rolla, Dept. of Metallu. Eng., 218
McNutt Hall, Rolla, MO 65401 USA

Three microstructural features are important for materials with
second phase particles: matrix grain size, second phase particle size
and interparticle spacing. These microstructural features influence the
creep deformation and superplasticity. The effects of microstructural
scale on various creep and superplasticity mechanisms are discussed
with the help of microstructure-based deformation mechanism maps.
Some possibilities of transition in deformation mechanisms with mi-
crostructural scale are presented. These transitions are particularly
important for dispersion strengthened materials and composites with
ultrafine microstructure.

3:20 PM Break

3:30 PM Invited
On the Creep and Superplastic Behavior of the ODS Nickel-
Based Superalloy PM 3030 Martin C. Heilmaiet; Michel Nganbé&
Frank E.H. Mulle?; 1FW Dresden, P.O. Box 270016, Dresden D-
01171 Germany2?Plansee GmbH, Siebenbirgerstrasse 23, Lechbruck
D-86983 Germany

Since the review of Lin and Sherby in 1980 [1] the creep properties
novel oxide dispersion strengthened (ODS) superalloys produced by
mechanical alloying (MA) techniques have recently regained renewed
attention from the scientific community and industry. Our study is
focused on PM 3030, a nickel-based superalloy recently developed by
Plansee GmbH Lechbruck (Germany). Due to its high content of Al,
PM 3030 is strengthened by a high volume fraction of coarse ordered
y particles of cuboidal shape. Additionally, the production by means
of mechanical alloying enables the incorporation of low volume frac-
tions of incoherent spherical Yttria dispersoids. While the latter are of
the order of 20 nm in diameter, tlyeparticles lie in the range of 0.5
to 1 um. The high temperature deformation properties of three differ-

processed condition the material possessed a coarse microstructurently processed semifinished products have been investigated using

with an average grain size of 3510 microns. Superplasticity occurred
at strain-rate exponents of 088<0.42 and at strain-rates of the
order of 10* st. Maximum elongations to failure of 300% and more
were achieved. From thermal activation analysis of superplastic flow
an activation energy of 185 10 kJmott was derived. This value is
comparable with activation energies of superplastic flow ipARi)
alloys. However, in unalloyed E&l the activation energy is higher of
about 240 kdJmol. Optical microscopy and TEM studies showed
subgrain formation. Subgrains of the order of 0,3 to 0,4 microns in size

compressive and tensile tests under constant true strain rate: a) an as-
hipped fine-grained material with a grain size of abowtni (heat 1),

b) a subsequently annealed variant to produce coarser equiaxed grains
of around 15um in diameter (heat 2) and a hot extruded and fully
recrystallized material with coarse elongated grains (heat 3). The lat-
ter possesses a grain aspect ratio of roughly 100. Similar to the early
work by Gregory, Gibeling and Nix [2] on MA 6000, heat 1 exhibits a
potential for superplastic flow at high strain rates accompanied by low
necessary flow stresses. Obviously, grain coarsening is effectively sup-

revealed, and grain refinement to about 30 microns occurred. Super-pressed by a “duplex grain structure” consistingy @ndy phase. The

plasticity deformation in this iron aluminide is characterized by vis-
cous dislocation glide, controlled by solute drag, in the ordered B2

larger grains in heat 2 lead to a dramatic increase in creep strength and
in stress exponent. While heat 3 shows further superiority in creep

lattice. After a certain amount of superplastic deformation the samplesresistance to heat 2 at temperatures above°80Qhe reverse behav-
showed subgrain formation in the strained gauge sections. From this itior is observed below that limit. We will discuss the observed differ-

is concluded, that dynamic recrystallization has an important contri-

ences in the high temperature deformation behavior in terms of actual
164
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microstructurally based creep concepts. [1] J. Lin, O.D. Sherby, Res
Mech. 2 (1980), 251. [2] J.K. Gregory, J.C. Gibeling, W.D. Nix, Metall.

Trans. 16A (1985), 777. Liquid Metal Atomization: Fundamen-

3:50 PM  Invited tals and Practice: Other Methods

Micromechanics-Based Constitutive Relations of Superplastic S d bvMaterials P . dM facturi
Materials: Namas Chandra !Florida State University, Mech. Eng., ponsored byMaterials Frocessing an anutacturing

2525 Pottsdamner Rd., Tallahasse, FL 32310 USA Division, Powder Metallurgy Committee
Abstract text not available Program OrganizersKhershed P. Cooper, Naval Research
4:10 PM  Invited Laboratory, Materials Science and Technology Division,

Hyperplasticity: Enabling Complex Sheet Components with Washington, DC 20375-5343 USA,; Frank Biancaniello, NIST,
Fast Deformation: Glenn S. Daehn Vincent J. Vohnout Hemant Gaithersburg, MD 20899-8556 USA; Stephen D. Ridder,

Panshika¥ Subrangshu DattaKeith Crané; 1Ohio State University, NIST Gaithersburg MD 20899-8556 USA
Matls. Sci. & Eng., 2041 College Rd., Columbus, OH 43210 USA ' '

Oleg Sherby has never been afraid of taking original even anti-
conventional approaches to existing problems or issues, and he show¥Vednesday PM  Room: Bayou B
great respect for solutions pioneered in the “forgotten past”. These March 15,2000  Location: Opryland Convention Center
are a couple of the most important lessons the presenting author

learned from Oleg. These lessons were put to use in developing agession ChairsFrank Biancaniello, National Institute of

research program in high velocity sheet metal forming. Here we will . }
show that high velocity forming, an extension of “forgotten” explo- Standards&TechnoIogy, Galtheerurg’ MD 20899-8556

sive forming, can have great relevance in treating contemporary is- YSA; James C. Foley, Ames Laboratory, Ames, IA 50011~
sues in metal forming. With high velocity forming, formability is 3020 USA

improved, wrinkling is suppressed and precise, complex parts can be
formed. After introducing the fundamentals, examples and strategies
for using these techniques to enable the fabrication of components of
current interest will be presented.

2:00 PM Invited
Atomization of Melts Using the Impulse Atomization Tech-
nique: Hani Heneind; University of Alberta, Dept. of Chem. and

4:30 PM Invited Matls. Eng., Adv. Matls. and Process. Lab., 536 Chem.-Matls. Eng.
Superplasticity at Ultrahigh Strain Rates and Elevated Tem- Bldg., Edmonton, AB T6G2G6 Canada

peratures—Can it Occur? Robert D. Caligiurt; Lawrence E. The Impulse Atomization Process (IAP) is a single fluid atomiza-
Eiselstein; Charles G. Schmiét Exponent Failure Analysis Associ- tion technique that is capable of producing droplets of a desired size
ates, P.O. Box 3015, 149 Commonwealth Dr., Menlo Park, CA 94025 and a narrow size distribution with a predictable cooling rate. The
USA; 2Hewlett Packard Corporation process has been successfully employed to produce a wide range of

A preliminary model for the occurrence of superplastic phenomena metal droplets including Pb-Sn alloys, aluminum alloys, copper alloys,
at ultrahigh strain rates and elevated temperatures is presented. Thisow carbon steel and tool steel. Atomization characteristics deter-
model is based on the increase in transition strain rate from superplasimined from load cell measurements, video imaging and particle size
tic to non-superplastic behavior with temperature. At rZQ0the analysis will be discussed as a function of process characteristics. It
transition strain rate is predicted to be abowt 40for a material with shown that atomization occurs by Rayleigh instability and that onl
a grain size of 1 mm. There should be insufficient time at this strain primary atomization of the stream is in effect. The rate of cooling off
rate for significant grain growth to occur, assuming the material reachesa moving molten droplet has been modeled and experimentally vali
temperature rapidly, as can happen under explosive loading condi-dated using this atomization technique. It will be shown that in atomi
tions. Results on experiments on ARMCO iron and fine grained ultra- zation, the droplet size is an important variable contributing to th
high carbon steel miniature tensile specimens using a split Hopkinsonhigh magnitude of the heat transfer coefficient which was determine
Bar are in qualitative agreement with the predictions of the model. to be around 2000 to 5000 watts/KnBy contrast, the droplet Nusselt
number ranged from only almost 2 to 10 indicating that conduction o
heat from the droplet to the gas is an important mechanism by whic
the droplet looses heat. These atomization and heat flow characteri
tics clearly demonstrate a number of unique features of this techniq
as well as its flexibility to meet different processing requirements fo
production and research.

PM

4:50 PM Invited
Creep of (La,Sr) MnO;; A Fuel Cell Cathode Jeff B. Wolfenstire
Russ Cook Ken Gorettd Jules Routbo?f !U. S. Army Research
Laboratory, AMSRL-SE-DC, 2800 Powder Mill Rd., Adelphi, MD
20783-1197 USA?2Argonne National Laboratory, Matls. Sci. Div.,
Argonne, IL 60439-4838 USA
The deformation of fine-grained (<10 mm) La,Sr) Mn@th rela- 2:30 PM Invited
tive densities between 85-90% was investigated over the temperatureCentrifugal Atomisation of Alloys: Panayiotis Tsakiropoulds
range 1150-130C as a function of applied stress, oxygen activity Huiping Li!; University of Surrey, Schl. of Mech. and Matls. Eng.,
and Sr content. The fine grain size, brief creep transients, stress expoGuildford, Surrey GU25XH England
nent close to unity, absence of deformation induced dislocations and  The centrifugal atomisation (CA) process is used for the production
lack of grain shape change suggested that the deformation was coneof powders of a variety of alloys, which include Al and Ti based alloys,
trolled by grain boundary sliding accommodated by diffusion. A com- superalloys and steels. The most widely used variant of CA is the
parison of the activation energy for creep with existing diffusion and rotating electrode process (REP). A basic requirement of REP is that
creep data for perovskite oxides revealed that grain boundary slidingthe alloy to be atomised is available in bar form. This restriction
was accommodated by lattice diffusion. The effect of oxygen activity means that REP is often not suitable for the production of powders of
on the deformation rate suggested that the rate-controlling defect isdevelopmental alloys, which are not available in bar form. The CA
cation vacancies at low oxygen partial pressures and oxygen vacancievariant, which is based on the rotating disk principle, is suitable for the
at high oxygen partial pressures. These results are in excellent agreeproduction of powders of ferrous and non-ferrous alloys including
ment with a point defect model that incorporates cation non-stoichi- reactive and refractory metal alloys, and developmental alloys. Near
ometry. net shape processing via spray casting on a cylindrical substrate is also
possible. The paper will describe the basic phenomena of interaction
of the melt with the rotating disk and the break up/atomisation of the
melt at the edge of the rotating disk. Experimental results for ferrous
and non-ferrous alloys will be compared with the predictions of a
recently developed model which studies the formation of a thin film of
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melt on the rotating disk and the break up of the melt at the edge of The rapidly spinning cup (RSC) atomization process has shown
the rotating disk for different atomisation regimes. promise for the production of fine spherical metal powders. Unfortu-
nately, atomization conditions which promote fine spheres typically
also produce other, less desirable particle morphologies. A recent study
has employed high speed photography to identify RSC atomization
mechanisms over a range of conditions. This photographic examina-
tion demonstrated that the character of the collision between the melt
jet and the quench liquid could vary significantly with changes in both
melt and quench liquid velocity. In this study, information gathered
using high speed photography is combined with a review of particle
morphology and particle size distribution of the resultant powders.
Particle characteristics are compared to the nature of the melt/quench
collision and the probable evolution of various particle shapes is dis-
cussed.

2:55 PM Invited
Recent Advances in Highly Controlled Molten Metal Droplet
Formation from Capillary Stream Break-up: Melissa E. Ormg
1University of California, Mech. and Aero. Eng., Irvine, CA 92697-
3975 USA
The science of capillary stream break-up into droplets has recently
attracted significant industrial and academic interest for applications
requiring uniform metal particle production. Exploitation of the high
droplet production rates intrinsic to the process and the unparalleled
uniformity of droplet sizes and speeds attained with proper applied
forcing to the capillary stream make many new applications related to
the net-form manufacture of structural components and electronic
packages feasible. Recent research results on the uniform productiom:25 PM Invited
of aluminum and aluminum alloy droplet streams for the application A Study of the Effect of Liquid Metal Atomization Media on
of net-form manufacturing will be presented. Issues affecting the drop- Particle Size and Morphology Khershed P. Coopér Cynthia M.
let stream stability such as oxidation, corrosion by molten aluminum Chambers Naval Research Laboratory, Code 6324, 4555 Overlook
and other chemical reactions at elevated temperatures are presenteddve. S.W., Washington, DC 20375-5343 USA
Additionally, new research on the uniform production of solder drop- The rapidly spinning cup is a convenient tool to investigate the
lets for the application to electronic package manufacturing is also effect of atomizing liquids on the characteristics of atomized metal
presented. Issues common to all molten metals such as the basic phegowder. The nature of the spinning cup apparatus is such that the
nomenon of capillary stream formation and break-up into droplets, atomizing liquid media can be easily changed. Oils and other hydrocar-
acoustic excitation issues relevant to apparatus design, electrostatidons of varying physical properties were selected as atomizing fluids.
charging and deflection for high speed “printing” or particle “sorting” While densities and most other properties are similar for these liquids,
applications, and novel forcing disturbances for more flexible droplet viscosities vary by a couple of orders of magnitude. Viscosity plays a
production are discussed. major role in fostering shear forces which are responsible for melt
break-up. Experiments with Al-Cu eutectic alloy demonstrated a sig-
nificant effect of atomizing media on mean particle size and particle
morphology. There was no correlation between mean size and viscos-
ity suggesting that other properties such as heat capacity may be
2 playing a role. Similar experiments were performed with Bi-Mn eutec-
tic alloy. Bi-Mn is denser than Al-Cu and expands upon solidification.
The results of these studies will be discussed in terms of liquid metal
break-up mechanisms and solidification behavior.

3:20 PM Invited

The Effect of Oxygen Concentration on the Break-Up Behavior

of Laminar, Liquid Metal Jets: Pyongwon Yirf) Jung-Hoon Chuh

Nannaji Sakg Juan Carlos RocBa 'Samsung Information Systems

America, Hdd R&D Ctr., 75 W. Plumeria Dr., San Jose, CA 9513

USA; 2Massachusetts Institute of Technology, Lab. for Manu. and

Product., 77 Massachusetts Ave., Room 35-233, Cambridge, MA 02139

USA; 3Applied Materials, Santa Clara, CA USA

It is well known that as a laminar, liquid jet issues from a small 4:50 PM Invited

orifice, the surface tension force of the liquid mediates the cylindrical Using Multiple Regression Analysis to Gain Insight into the

jet to break up into a train of spherical droplets. In 1878 Lord Rayleigh Physical Mechanisms in Spinning Cup Atomization Charles I.

advanced a linear analysis of the break-up phenomenon of free lami-Whitman; Khershed P. Coopg&r lIndustrial Problem Solving, 910

nar jets. He further demonstrated that uniform droplets can be pro-Flintlock Rd., Southport, CT 06490 USANaval Research Labora-

duced when the jet is subjected to a periodic oscillation of wavelength tory, Code 6324, 4555 Overlook Ave. S.W., Washington, DC 20375-

greater than the circumference of the jet. In recent decades, wave-5343 USA

lengths of three-and-a-half to seven times the jet diameter have been By using Statistical Modeling one can often gain insight into the

used to produce uniform droplets of various liquids such as water andfundamental physical processes going on in a process, and suggest

ink. The break-up length of a liquid jet depends on the jet diameter, the process improvements. Here, some 54 experiments with molten tin

physical properties of the liquid, and the amplitude and frequency of performed at the Naval Research Laboratory were analyzed by Mul-

oscillation applied to the jet. Prediction of the break-up length of a tiple Regression to develop a mathematical model containing some

reactive molten metal jet, however, is more difficult when it is sprayed nine terms. The model, which contained an unusual three factor inter-

into an oxygen-laden atmosphere. Metal-oxygen gases may form ox-action, was used to explain this interaction as an effect resulting from

ides or other tenacious films on the jet surface. In some cases suchthe use of a smaller orifice in some of the experiments. This model

surface films stabilize the jet, which results in the production of fibers also explained the presence of small amounts of “encapsulated” par-

instead of droplets. Thus, determination of the critical concentration ticles in the powder, and led to a design change in a larger atomizer to

of oxygen below which the molten metal jet can be broken into a train control such particles. Further, also explained was the role of turbu-

of uniform droplets is of paramount importance to the successful lence in coarsening the average particle size of powder produced in the

applications of the break-up phenomenon of molten metal jets. This process. The effect of changing the melt to eutectic Al-Cu was also

paper reviews the break-up behavior of laminar, liquid jets and inves- explored.

tigates the role of oxidation in the break-up behavior of liquid tin jets _. .

to establish the maximum concentration of oxygen below which jet 5:15 P.M Invited . .

. - . . Modeling and Experiments on Using a New Pulsed Power Tech-

instability can be promoted by experimentally varying the oxygen . : ; )

concentration from 5 to 200,000 ppm. It was observed that aufr00 nique to P.rOdl.J(?e Fine Metz_;\llhc Powders F. Douglas WtherspoGn
Russell Kincaid, Arul Mozhiz; *UTRON Inc., 8506 Wellington Rd.,

?rlgun:)?ﬁg\?glsje;iozséonvoet tizseoag_irétgodroal]ets when the oxygen CoNCeN-gie. 200, Manassas, VA 20109 US#National Materials Advisory
ppm. Board, Nat. Acad. of Sci., 2001 Wisconsin Ave. N.W., Washington,
3:45 PM Break DC 20007 USA
4:00 PM  Invited _ This paper pre_sents re_sults pf an ongoing $mal| Business Innova-
. R N . . tion Research project. This project is developing a new approach to
Rapidly Spinning Cup Atomization: Correlation of Particle roducing inert gas atomized metal powders of size 10’s of nm to 20
Characteristics with the Melt/Quench Liquid Impact: Stephen P 9 9 P

J. Masht; Khershed P. Cooper 1Bodycote IMT Inc., Rsch. and Dev., pm. This technique replaces the gas stream used in conventional at-

155 River St., Andover, MA 01810 USANaval Research Laboratory, omization with a pulsed plasma jet to generate a much higher (three

Matls. Sci. and Tech., 4555 Overlook Ave. S.W., Code 6324, Washing- order; of magnitude) momentum flux atomizing medium. Thls. new
ton. DC 20375 USA technique has the potential to decrease the cost of production. In
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Phase |, fine spherical copper powders in the size range 0.2 {or3.0
and steel powders of size 0.5 to @, were successfully produced.
Calculations predict that experimental conditions achievable in Phase
I will result in metal powders in the 10’s of nm (theoretically down to
3 nm). In the ongoing Phase Il, UTRON is building an engineering
prototype to demonstrate the production of 2 to 3 kg batches of fine
iron-based powders for characterization. An induction furnace is used
to generate the melt stream which is then atomized in a confined
geometry nozzle region. The atomized powders are collected in an
inert atmosphere. Experimental and modeling results on production of
fine iron-based powders from this ongoing project will be presented.

Magnesium Technology 2000: Physical

and Mechanical Properties

Sponsored byl ight Metals Division, Reactive Metals
Committee, International Magnesium Association
Program OrganizersHoward |. Kaplan, Magnesium
Corporation of America, Salt Lake City, UT 84116 USA,
John N. Hryn, Argonne National Laboratory, Argonne, IL
60439-4815 USA, Byron B. Clow, International Magnesium
Association, McLean, VA 22101 USA

Wednesday PM Room: Bayou C
March 15,2000  Location: Opryland Convention Center

Session ChairMihriban O. Pekguleryuz, Noranda Technol-
ogy Center, Pointe Claire (Montreal), Quebec, Canada

2:00 PM
Wear Resistance Property and Microstructure of Magnesium
AZ91 Composite Jamaliah Idrig; J. C. Tah; !Universiti Teknologi
Malasia, Faculty of Mech. Eng., Johor, Skudaim 81310 Malaysia

The wear resistance of magnesium AZ91 composite produced by

of design curves, along with a proposed model for fatigue damage
accumulation.

2:50 PM
Fracture Toughness of Magnesium Alloy AM60B S. K. Iskandéer
R. K. Nanstad S. Viswanathah R. L. Swain; J. F. Wallacg 1Oak Ridge
National Laboratory, Bldg. 4508, MS 6083, Rm. 135, Oak Ridge, TN
37831-6083 USA2Case Western Reserve University, Cleveland, OH
USA

The fracture toughness of Magnesium Alloy AM60B was measured,
using of 5-mm thick compact tension specimens. Characterization of
the fracture toughness behavior included tests in two different orienta-
tions and two temperatures. Results indicated stable tearing behavior,
and testing was discontinued when crack extension exceeded the clip
gage capacity. Values of the Tearing Modulus and a “K form JQ” were
measured. These two parameters did not reveal any effect of specimen
orientation on fracture toughness. Subsize Charpy specimens were
prepared in the same two orientations as those in which compact
specimens were tested, as well as in other orientations in which com-
pact tension specimens could not be prepared. Charpy impact testing
also confirmed that the fracture toughness is generally independent of
orientation effects. Force vs. displacement traces from Charpy testing
also confirmed the stable tearing behavior observed in fracture tough-
ness testing. Fracture surfaces on some of the tested compact tension
specimens showed some porosity, which did not influence the fracture
toughness values measured because of the direction of crack-propaga-
tion is not influenced by the orientation of the porosity, but could
have influenced the fracture toughness in other orientations in which
the flaws could have negative effects. Scanning Electron Microscopy
of fracture surfaces, Metallography of surfaces parallel to the different
orientations, and macro graphs of fracture surfaces including one with
porosity and/or lamination were also performed to document the re-
sults.

3:15 PM
Deformation-Induced Texture as an Alloy/Process Optimiza-
tion Tool: S. R. Agnely Oak Ridge National Laboratory, Oak Ridge,
TN 37831 USA

Understanding which deformation mechanisms are active is often
necessary component of high performance alloy development, pa

powder metallurgy technique and reinforced with 0,5,10,15, and 20 ticularly for non-cubic and/or ordered intermetallic alloys where
vol.% SiC were being investigated. Pin-on-disk dry sliding wear tests strength and ductility are strong functions of the operative deforma
were carried out to study the wear performance and wear mechanismstion modes. Deformation-induced texture data coupled with appropri
The magnesium matrix composites were used as pins while theate polycrystal plasticity simulation techniques can provide rapid in
counterface consisted of mild steel disks. After the wear tests, worn sight into these issues. The preferred orientation (or texture) whic
surfaces of pins and the wear debris were investigated by using scanningesults from deformation is a fingerprint of the imposed deformation
electron microscopy (SEM) and energy dispersive X-ray analysis geometry and the active deformation mechanisms that sustained t
(EDAX). The wear resistance performance of magnesium AZ91 com- plasticity. Although the ductility of traditional wrought magnesium

posites was found to increase with increasing sliding distance and thealloys is moderate, their low temperature formability is quite limited.
wear rate was greatly reduced after the wear-in phenomenon. DuringThis fact makes magnesium an ideal candidate to demonstrate t
the wear-in stage, abrasion was found to be predominant. Oxidative advantage of a texture-based approach because the limited formabili
wear took place when the applied normal load exceeded critical loadis largely due to the limited number of active deformation modes (slip
limit. twinning, etc.). Hexagonal close packed solid solution alloys contain
ing lithium have been particularly potent for demonstrating the po
tential of this approach. The addition of lithium is known to enhancg
the ductility of magnesium and texture analysis has confirmed tha'
lithium promotes dislocation slip on the prism planes as well as the
basal plane.

WEDNESDAY PM

2:25 PM
Elements of the Fatigue Process in Magnesium Die Casting
Alloys: Terje Kr. Aun& Darryl L. Albright; Oddvin Orjasaetér Odd
K. Nerdaht; Norsk Hydro, Rsch. Ctr., Porsgrunn N-3901 Norway;
2SINTEF

Magnesium alloy die casting provide opportunities for achieving 3:40 PM Break
high performance, low weight, cost efficient, and fully recyclable solu- 3:50 PM

tions to complex engineering design challenges. Today, alloys basedSuperplasticity of Magnesium Alloys U. Draugelatess A. Schram;
upon the addition of aluminum, manganese and zinc to the base meta C. Kedenburg tInstitute fur Schwelstechnik und Trenne’nde

form the basis for structural components designed to successfully with- Fertigunsvefahren, Tech. Universitat Clausthal, Agricolastrasse 2,
stand the forces of fatigue. Although as cast surfaces represent theCIausthaI D-38678 Germany

most common condition for service, the roles of vibratory polishing
and mirror polishing in performance were also investigated. Addition-

ally, the variables of mean stress and frequency were included in thecomplex formed finished products can be drastically raised compared

L‘?St 'Ero.grarln.dVarlatllo.ns Im alloﬁ’ dc.?femlstry qndhthe resultlr:jgfphase to conventional conversion procedures. Especially the production of
istribution led to relatively small differences in the measured fatigue highly terminal measurements of components by the means of the

properties. While vibratory polishing also led to only minor property superplasticity forming of metals and their alloys is an inexpensive
differences, the incorporation of mirror polishing had a significant

effect on the fatigue performance. The result led to the establishment

Through the use of the superplastic behaviour of magnesium mate-
rials the productivity of the processing of semifinished products to

production procedure compared to the alternative extensive remove

material process or join process. The increasing demand of cheap
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producable products capable of withstanding high stress and due to the
restraint to light weight products and the wanted material and energy

savings especially in the fields aeronautics and astronautics, the high\laterials Issues in Microelectronics:

speed railway systems, automobile and equipment construction, but

also news and data processing technology has brought about the growoptical; EIeCtricaI; and Thermal: I—OW

ing intere_zst in.sup.e.rplastic forming. _One reason _for this procedure is A|pha Pb and App“cations
the special suitability of manufacturing highly thin-walled structural . . . .
components for the light weight design. The presentation emphasizesqunlsored byEIe?tromC' Mggneuc & Photonic Mate”als
the following subjects: In the introductory part of the presentation Division, Electronic Packaging and Interconnection
presuppositions for the superplastic behavior of magnesium-alloys areMaterials Committee

discussed. Methods to quanti_fy the superplastic behaviqr and the im-Program OrganizersYellapu V. Murty, Carpenter Technol-
T e reobiacie omed 7 he 9% ogy Corporation, Research and Development, Reading, PA
grain structure, various possibilities of grain-fining-procedures of mag- 19612-4662 USA_; Prasad GOdava.rt" Motorola, Austin, T.X
nesium-alloys are described with the help of parameter-lists and pic- USA; Sung-Ho Jin, Bell Laboratories, Lucent Technologies,
tures of grain-structures. Finally, the results of the investigations are Murray Hill, NJ 07974 USA; Sung Kang, IBM, TJ Watson

graphically displayed and an outlook to closer aims of the research Research Center, Yorktown Heights, NY 10598 USA; John

program is given. Macwilliams, US Competitors, LLC., Newark, DE 19711
4:15 PM USA; Mark McCormack, Fujitsu Computer Packing Tech-
Fatigue Behaviour of AZ91D Magnesium Alloy and its Com- nologies, San Jose, CA 95134 USA; Martin Weiser,

gos'te Reinforced with SiC A. Bag; W. Zhou; D. Taplin; E. S. AlliedSignal Electronic Materials, Plated and Discrete

warakadasa !Nanyang Technological University, Schl. of Mech. &

Product. Eng., Nanyang Ave. 639798 Singapdheglian Institute of Products, SpOkane' WA 99216 USA

Science, Dept. of Metallu., Bangalore 560012 India

Increasing demand for lighter components and light weight design Wednesday PM Room:LincolnC

has led to magnesium alloys being considered as possible engineeringMarCh 15, 2000 Location: Opryland Convention Center

materials in the last few years. However, low fatigue strength has been

an important factor in the limited use of magnesium alloys in more . . .

highly stressed designs. In particular magnesium matrix compositesseSS|on ChalrsSung K. Kang, IBM, Yorktown Helghts,

are attracting a lot of attention because the addition of a reinforcing NY 10598 USA; Prasad Godavarti, Motorola, Austin, TX

phase, such as ceramic particles or fibres may produce a remarkablég/8721 USA

improvement in the property profile. Reinforcement with ceramic

particles can lead to an increase in strength, Young’s modulus and -

hardness, particularly at room temperature whereas the coefficient of2:00 PM Opening Comments

thermal expansion is reduced. However, addition of SiC particles to 2:05 pm

AZ91D matrix may result in lower fatigue resistance. Therefore the |ow Alpha Solder Electrolyte Used for Flip Chip Bump Forma-

present investigation examines the fatigue properties of AZ91-10%SiC tjon: Masayoshi Kohinata Kiyotaka Tsuj; Keigo Obatg Mitsubishi

composite in different heated treated conditions and compares thempaterials Corporation, 12-6, Technopark Sanda, Hyogo 669-1339

with the monolithic AZ91 alloy. Fatigue crack growth study was con- japan;2Ishihara Chemical Company Limited, 5-26, Nishi-Yanagihara,

ducted by using half-compact tension specimens with the load ratio of Hypgo-Ku, Kobe 652-0806 JapafDaiwa Fine Chemicals Company

R= 0.1. Crack growth tests supplemented by optical and scanning | imited, 1-17, 2-Chome Shimosawa-Dori, Hyogo-Ku, Kobe 652-0047

electron fractography have been used to assess the role of magnesiumapan

matrix, which has HCP crystal structure and ceramic particle interac- We have developed a low alpha solder electrolyte used for flip chip

tions on the crack initiation, propagation and near threshold behaviour hump formation. It is generally known that the alpha particle count

and finally to compared with the monolithic magnesium alloy. The from the deposit immediately after plating are low, but increase with

experimental results show that appropriate heat treatment can im-time. Using our electrolyte, the alpha particle count from the deposit

prove the crack growth behaviour of AZ91 alloy and its composite. can be very low and stable. The characteristics of the bump plated for
63% tin and for 5% tin solder electrolytes are given, including the
uniformity of the bump height and the bump compositions over the
wafer. The starting materials and electrolyte are fully developed, so
our electrolyte is already in mass production. We also describe an
evaluation method for the electrolyte that controls parameters influ-
encing bump characteristics.

2:30 PM
Low-Alpha Lead for Solder Bumping Production: Mark W.
Robersoi; Phil A. Deané; Salvatore Bonafede Alan Huffmart;
Sundeep Nangalia IMCNC, Elect. Tech. Div., 3021 Cornwallis Rd.,
Research Triangle Park, NC 27709 USA

Soft-errors caused by lead in solder-bumping have been a concern
for many years. The problem is of special concern for high-density
interconnection applications requiring solder to be placed directly over
active circuitry. In that situation, alpha particles emitted by radioac-
tive lead cause soft-errors with no possibility of shielding circuitry. For
optimal cost-effectiveness, though, not all solder bumped wafers re-
quire low-alpha lead. MCNC has developed a solder bumping facility
with both a research branch at MCNC and a full-scale production
facility at its spin-off, Unitive Electronics Inc. We present results here
of our work in incorporating low-alpha lead as part of our solder
bumping process. We describe the amount of cross-contamination
measured when alternating plating baths of regular lead and low-alpha
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lead. We also present geometric correction factors for solder bumpsbased on a commercial FEA code. The model is capable to include
measured with alpha detection counters. Coble creep and Nabarro-Herring creep by applying normal stress as
2:55 PM the chemical driving force. The interconnect segment consisting a

A Low Alpha Euteic Type § Slder Past for Ula Fine pich  Z00S7SEine secton i iemoon scure comected o Lt bt
Chip Bumping: Mike Grossé; Jim Grundy; Tom Herrington; yed. '

1Johnson Matthey Electronics, 10080 Willow Creek Rd., San Diego, and hydrqstahc stress on the_ grain boundgry are presented in _th|s
CA 92131 USA paper. It is shown that by using hydrostatic stress as the chemical

The rapid growth in chip level interconnection density continues to d_rlvmg force will overestimate the backflow of the stress-driven diffu-

present new challenges to the suppliers of semiconductor packagingS|on'

materials. Further increases in device speed and functionality with 4:25 PM
corresponding decreases in device geometry has placed tighter conCharacterization of Electroplated Bismuth-Tin Alloys for Elec-
straints on packaging materials and their related processes; solder past&ically Conducting Adhesive Materials: Sung K. Kang Stephen
being one of those critical materials. With the advent of bump arrays L. Buchwaltet; Cornelia K. Tsang 1IBM, Rsch. Dept., T.J. Watson
numbering in the thousands of bumps/print at ever decreasing pitchRsch. Ctr., P.O. Box 218, Yorktown Heights, NY 10598 USM|T,
dimensions, higher and higher first pass yields will be required of the Matls. Sci. & Eng., Cambridge, MA 02139 USA
solder paste and process used for flip chip bumping. In order to achieve  Electrically conducting adhesives are promising alternatives for lead
the higher print resolutions demanded by the flip chip process, it was (Pb)-containing solders in microelectronic applications. However, most
necessary to optimize both the powder process and flux system. Pro-common silver-filled epoxy materials have various limitations to meet
cess optimization revealed that by instituting additional controls, a the requirements of the solder joints yet. To overcome these limita-
type 6 powder as specified by IPC in standard J-STD-006 could betions, several new formulations have been developed recently. Among
produced with reasonable final yields. Various designed experimentsthem, a new high conductivity Pb-free conducting adhesive developed
were conducted to identify the critical process variables and conditions for low temperature applications has been previously reported. This
that influence particle shape, surface morphology, particle size distri- conducting adhesive contains a conducing copper filler powder coated
bution and oxide content. Furthermore, as powder particle size is re-with a low melting point metal or alloy, such as Sn or BiSn. The low
duced to enhance print definition, the surface area of the powder andmelting point layer serves as a joining material among the filler par-
consequently the amount of surface oxide increases and requires careticles as well as to the substrate. In this paper, characterization of
ful monitoring to insure lot to lot consistency. The reduction in on- electroplated BiSn alloys on a Cu substrate is reported for their micro-
chip feature size has led to a closer proximity of logic elements and thestructure, electrical properties, oxidation behavior and others. The
solder bump interconnects. Industry concerns have grown over theexperimental results have provided a better understanding of the join-
phenomena of radioactive decay induced soft errors generated by tracéeng mechanism of the newly-developed Pb-free conductive adhesive.
isotope impurities found in lead containing solders. In order to address
this reliability concern, it was necessary to‘ obtain a lead supply with an An Evaluation of Automated Ball Indentation for Measuring
extremely low concentration level of the isotope 210Pb. Post powder ; . .
processing alpha emission flux testing is performed to determine thethe Tensile Properties of Solder AIon.s Mlcha.el L. Santella
alpha emission rate and to gain insight into the decay characteristics-rsung'—Yu Pa?]_Frank W. Gaylg Oak Ridge Natlonal Laboratory,
Met. & Cer. Div., 1 Bethel Valley Rd., Oak Ridge, TN 37831-6096

of the material. USA; 2Ford Motor Company, Ford Rsch. Lab., 20000 Rotunda Dr., MD
3:20 PM Break 3135, SRL, P.O. Box 2053, Dearborn, Ml 48121-2053 U3%a-
335 PM tional Institute of Standards and Technology, Rm. 223-B164,

Phase Equilibria of Ag-Sn-Cu Ternary System Yee-wen Yéq Galt'lt]r?(;sgﬂtrgr'nngzt?z??ng(fnpt\ation (ABI) testing technique is not wel
Sinn-wen Cheh INational Tsing-Hua University, Dept. of Chem. 9 q

Eng., #101 Sec. 2 Kuang-Fuh Rd., Hsin-Chu, Taiwan 300 developed for alloys other than steels, but its apparent ability to mea

) . sure mechanical properties in small volumes of material makes it
Ag-Sn alloys are a prominent group of lead-free solders. Cu is the . prop y

I interest for testing solder joints. The technique was evaluated by firg
most popular substrate, and the phase equilibria of Ag-Sn-Cu ternary . ; ) .
; ; ) S g preparing 1.5-mm-thick tensile specimens of bulk a Sn-3.5Ag wt%
system is thus of importance in electronic industry. Various Ag-Sn-Cu allov and testing them at room temperature. ABI tests were then do
alloys are examined and the isothermal sections at@4mhd 450C y 9 P )

v boen experimenaly deemined. AL e o1-Cuson phase 7 12 ST (e f e enle secinens e overal
is in equilibrium with Ag, z-Ag4Sn, and e2-Ag3Sn phases. The exist- good, g 9

ence of d-CudSn phase at 480does not change much of its phase lower yield strength and slightly higher flow stresses and work harde

S L . . ing rate compared to the tensile test data. Subsequently, small FR4 td
equilibria, and e1 phase is still in equilibrium with Ag, z and e2 phases boards were obtained that contained arrays of solder bumps made w
at 450C, which indicates that the el phase is a very stable phase. y P

. : ) . the same alloy. The solder bumps had nominal dimensions of 2.5 m
Based on two experimentally determined isothermal sections and the . .
. . . .. long x 0.8 mm wide x 0.30-0.50 mm thick. ABI test results from the
knowledge of the thermodynamic models of its three binary constitu- . ; .
) solder bumps agreed well with those from the tensile specimen sho
ent systems, thermodynamic models of the Ag-Sn-Cu have been as- ) . . .
. . - ders. Details of the data comparisons will be presented and discussed
sessed in this study. The calculated results and the experimental deter- - :
R e . terms of relevant alloy characteristics and microstructures. The re-
mination of phase equilibria are in good agreement. - P - . )
sults indicate the reasonable possibility of making valid tensile prop-
4:00 PM erty measurements on actual solder joints.
3-D Simulations of Electromigration and Stress Evolution in
Interconnections. Zhineng Faa; Sven Rzepka Matt Korhonen;
Che-Yu Li; Cornell University, Dept. of Matls. Sci. and Eng., Bard
Hall, Rm. 356, Ithaca, NY 14853 USA
As IC devices scale down, the cross section of interconnect lines on
the chip are reduced and the current density increases. This puts
electromigration in a particular position to interconnection reliabil-
ity. While the electromigration and its related phenomena are rather
complex, analytical simulation methods only give the results under
very simplified conditions. In most cases, those models are one-di-
mensional and apply the hydrostatic stress as the chemical driving
force. Numerical simulation, especially finite element analysis (FEA),
is much more powerful to solve the complex problems. In this paper,
we demonstrate a 3-D electromigration model that was developed

4:50 PM

WEDNESDAY PM
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(e.g., programming)—to be fully effective individual educators and
researchers need to take control of the tools and not rely on others to

Materials Processing in the Computer do it for them, and (2) the need to recognize, in an educational setting

in particular, that although the infrastructure of a web page is impor-

Age 1 CompUter Alded |nStrUCt|0n tant the critical component is the hard content. The work is supported
Sponsored byExtraction & Processing Division, Materials by a TEL grant from Academic & Distributed Computing Services,
processing and Manufacturing Division. Jt. processing University of Minnesota and by the NSF under Grant NSF/EEC-9711743.
Modeling Analysis & Control Committee 2:40 PM

Program Organizers.‘\/aughan \oller, University of Computer Aided Instruction in Materials Science and Engi-

Minnesota. Saint Anthony Falls Laboratory Minneapolis neering Education Hani Henein; !University of Alberta, Adv.
! ! ' Matls. and Process. Lab., 536 Chem.-Matls. Eng. Bldg., Edmonton,

MN 55414-2196 USA; Hani Henein, Umversity of Alb_erta, Alberta T6G2G6 Canada

Edmonton, AB T6G 2G6 Canada; Sulekh Jain, Ge Aircraft The easy accessibility and power of the PC as well as the education
Engineering, MId M-89, Cincinatti, OH 45215 USA of our engineering students in the use of these tools, are compelling
reasons for developing computer aided instructional (CAl) tools. There
is a wide range of areas in the engineering curriculum where students
must learn concepts involving the application of judgment for prob-
lem solving. Typically, throughout North America, the instructor of a
course will provide theoretical guidelines to students on how to apply
Session ChairsBrian G. Thomas, University of lllinois, the required judgment. All too often, these points are lost on the
Mech. Eng. Dept., Urbana, IL 61801 USA; Garry W. Warren, student as it is deemed too complicated and too abstract. It is often too

University of Alabama. Metallu. & Matls Eng Tuscaloosa time consuming to get students to the point where they can practice
! ’ ' " " this judgment. A number of computer aided packages have therefore

Wednesday PM Room: Lincoln A
March 15,2000  Location: Opryland Convention Center

AL 35487 USA been developed for use in several courses in the materials science and
engineering curriculum that encompass both calculational and instruc-
2:00 PM tional capabilities. This talk will present an overview of some of these
Introducing Materials to 6th, 7th and 8th Grade Science-A packages on the solution of a non-linear equation, the instruction of
First Step: Garry W. Warre#, 'University of Alabama, Metallu. &  binary diffusion couples, an introduction of crystallography and an
Matls. Eng., P.O. Box 870202, Tuscaloosa, AL 35487 USA introduction to heat transfer. The context in which these CAI Tutori-

Computer Aided Instructional (CAI) software with a materials com- als were developed and are being used will be discussed. The use of the
ponent have been developed for 6th to 8th grades science classes. ThHéltorials has important implications on the expectations from an
software is a result of the educational outreach activities of the NSF €ngineering education of both instructor and student.
sponsored MRSEC at the University of Alabama’s Center for Materi- 3.00 pM  Break
als for Information Technology. A primary emphasis of the MRSEC's
educational outreach activities involves collaboration with a very in- 3:10 PM
novative 6th to 8th grade Integrated Science (IS) curriculum based in©Open Discussion and Software Demonstration
the Center for Communication and Educational Technology at the The Role of Computer Based Training in Materials Processing
University of Alabama. Three of the authors are teachers in this 3.5 pm Closing Remarks
program and participated in producing three software packages dealing
with (1) Simple Machines (levers), (2) The Periodic Table and (3) The
Scientific Method. In many cases these software packages probably
represent the students first exposure to these topics, therefore a pri . H
mary objective behind their development was to present the informa-ProceSS_ SyntheSIS an_d MOdeI_Ing _for the
tion in a fashion that would retain student interest, convey important Pl"OdUCtlon & ProceSS|ng Of Tltanlum &
information accurately, and above all complement and reinforce other . :
classroom activities. Emphasis was placed on making the softwareItS A”Oys SGSSlOn IV
truly interactive, requiring the student to participate by answering Sponsored byMaterials Processing and Manufacturing
questions, selecting options and by incorporating moving objects, soundsDijvision, Structural Materials Division, Titanium Committee,
and rewards for correct answers. Wherever possible interesting materi-Shaping and Forming Committee

als and applications there_of are incorporated. The finaricial support OfProgram Organizers;]ames A. Hall, Oremet-Wah Chang,
the NSF Research Experiences for Teachers program is gratefully ac-

knowledged. Albany, OR 97321 USA,; F. H. (Sam) Froes, University of
2:20 PM Idaho, IMAP-Mines Bldg. #321, Moscow, ID 83844-3026
Use of the Web in Materials Teaching and Research Vaughan USA; Isaac We|§s, Johnson. Matthey, USA; Kuang Oscar
R. Voller; University of Minnesota, Saint Anthony Falls Lab., Missis- YU, RMI Corporation, R&D, Niles, OH 44446-0269 USA

sippi River at 3rd Ave. S.E., Minneapolis, MN 55414 USA

Among the recent irinovations of the computer age the. World Wide Wednesday PM  Room: Knoxville B
Web hias and will contmug to h'ave.a S|gnif|cant impact in teaching, March 15, 2000 Location: Opryland Convention Center
education and research dissemination. This paper explores some ex-
amples of use of the Web and associated resources for teaching and . . .
research in the materials processing field. Specific examples will in- S€ssion ChairsKuang Oscar Yu, RMI Corporation, R & D,
clude: An outline of authoring tools for preparing engineering learning Niles, OH 44446-0269 USA; James Hall, Oremet-Wah Chang,
modules. HTML for interactive Web Quizzes Preparation of simple Alpany, OR 97321 USA
GIF animations. Running Interactive Web programs in scripting lan-
guages (e.g., JAVA-Script). For the most part the examples will be
taken directly from the experiences of the author. The central pur- 2:00 PM
pose will be to show the accessibility and ease of use of available toolsSolar: A Numerical Software to Optimize Vacuum Arc Re-
and demonstrate how a small amount of effort can lead to a significantMelting Operations:  A. Jardy D. Ablitzet, *Laboratoire de Science
value added to education and research endeavors. The key messages &tk Genie des Materiaux Metalliques, Ecole des Mines, Parc de Saurupt,
(1)—taking note of other computer innovations of the last 50 years Nancy, Cedex F-54042 France

170



171

A numerical model of the VAR process has been developed at thetions as low as 0.5 weight percent were used to improve the surface
Ecole des Mines in Nancy and applied to simulate remelting operationsfinish. Therefore, a slag melted experimental alloy ingot was com-
realized in particular at Compagnie Europeenne du Zirconium CEZUS. pared to a commercial alloy Ti-6Al-4V ingot in the areas of physical,
The transient-state model named SOLAR (which stands for chemical, mechanical, and corrosion attributes to address the question,
SOLidification during Arc Remelting) was continuously improved, by “Are any detrimental effects caused by slag addition?”.
successively accounting for heat transfer, magnetohydrodynamic ef-
fects, and solute transfer (i.e. macrosegregation) during the melting,
then while solidification of the final liquid pool proceeds. An impor- 3:30 PM
tant feature of the model is its ability to take into account any evolu- Study and Modeling of the Electron Beam Melting Process J.
tion of the melting rate and the stirring sequence during the melting, P. Bellot; H. Duval; S. Bessg !Laboratoire de Science et Genie des
and to allow to understand the link between such operating parametersMateriaux Metalliques, Ecole des Mines, Parc de Saurupt, Nancy, Cedex
and the intensity of macrosegregation in the ingot. SOLAR has been54042 France2SNECMA, Matls. and Process. Dept., Centre de
used with some success to simulate pilot-plant and full-scale remeltingsVillaroche, Moissy-Cramayel 77550 France
of steels, titanium and zirconium alloys. Recently, a significant im- Since 1991 we have undertaken a complete study of the Electron
provement has allowed to simulate a triple VAR melt, using the com- Beam Melting process, with a particular emphasis on the cold hearth
puted composition of each ingot after cooling as the electrode compo-melting of the titanium alloys. Resulting from this research work,
sition for the next melting operation. SOLAR has enabled, for ex- three comprehensive numerical models have been set up concerning
ample, to determine the influence of the stirring sequence of prelimi- the molecular gas dynamics of the vapor phase, the thermo-hydrody-
nary melts on the intensity of macrosegregation in the final third namic and solute behavior of the alloy in the cold hearth and dissolu-
ingot. Moreover, the potential interest of using a so-called “compen- tion kinetics of the low density inclusions. The paper describes the
sated” electrode, which means an initial electrode where the alloying main results obtained which are focused on: the volatilization losses of
element repartition varies along the length, can be quantitatively pre- the alloying elements and the reduction of these losses by addition of
dicted before performing any actual triple vacuum arc remelting op- an inert gas, the thermo-hydrodynamic behavior of the liquid pool
eration. Results of the model are presented and discussed. taken into account the Marangoni and thermal natural convections,
the history of the low density inclusions in the hearth (such as hard-
alpha) in terms of trajectory and dissolution, and the effects of the
beam scanning frequency on the transient thermal behavior of the
surface of the liquid pool.

3:55 PM

3:15 PM Break

2:25 PM
Ti-6V-Al under Electromagnetic Stirring and Melt Current
Lorentz Force in Industrial Scale VAR: Parameter Sensitivity
in Simulations: L. A. Bertram; F. Spadafora S. N. Kempk& R. L.
Williamsor®; R. S. Minisandrary 1Sandia National Laboratories, 7011
E. Ave., Livermore, CA 94551-0969 USARMI Titanium Company; Mathematical Modeling of the Electron Beam Cold Hearth
3Sandia National Laboratories, MS 0603, P.O. Box 5800, Alburquerque, Refining of Titanium Alloys: Shesh K. Srivatsa 'GE Aircraft
NM 87185-0603 USA?Allvac, Allegheny Teledyne Co., 2020 Ashcraft Engines, Matls. and Process. Eng. Dept., One Neumann Way, Mail
Ave., P.O. Box 5030, Monroe, NC 28111-5030 USA Drop M87, Cincinnati, OH 45215-1988 USA

In experiments conducted to establish, among other things, appro-  Electron Beam Cold Hearth Refining (EBCHR) is used to refine
priate thermal and electrical boundary conditions for the numerical titanium alloys for critical aircraft engine rotating parts. In this paper,
simulation of the VAR of 36" Ti-6-4 ingots, the following were ob- a computational model is presented for predicting the fluid flow, heat
served: the ingot is over half liquid at power-off from full power (i.e., transfer, phase change, and the motion of inclusions in an EBM heart|
no “hot-topping” power cut-back was used, as it would have been for a The model uses a control volume method for the discretization an
production ingot); the “steering” of the VAR arc by the stirring mag- solution of the momentum, continuity and energy equations to predid
netic fields is clearly evident; magnetic probe data show non-zero time the flow and temperature fields within the hearth. The model account
averaged fields and non-uniform stirring. In seeking to simulate the for all the important physical phenomena influencing the process
experimentally established solid/liquid boundaries for the above, con- including temperature-dependent Marangoni and buoyancy effects a
siderable care is necessary in choosing those parameters of the procesadiation heat transfer. A Lagrangian tracking approach is used t
which are not established by independent measurement. Among theseredict the inclusion trajectories and their change in size due to diss(
are model turbulence intensity, coefficient of thermal expansion, frac- lution. The model has been applied to analyze an EBM hearth opera
tion of arc current entering pool surface. If solenoidal windings de- ing at different power conditions. The predicted surface temperature
velop full strength stirring magnetic induction Bs when the furnace arc and the pool shape compare well with the experimental measurd
is operating, the simulated flows can change from cases dominated byments. The model can be used to develop insights into the underlyi
flow down the pool sidewall to cases dominated by flows down the physical phenomena occurring in the EBCHR process, analyze thi
ingot axis (as required by experiment) for quite plausible parameter effect of process parameters on inclusion removal effectiveness, a
values. These results suggest that a judicious mix of experiment andultimately achieve better design and control of the overall process.
simulation is crucial to making realistic predictions about thermal
conditions in such VAR cases. Axisymmetric ‘2-1/2D’ simulations run
to date using boundary conditions of the same type as reported for
superalloy melting indicate large liquid volumes, but have not yet
reproduced details of the pool shape.

4:20 PM
A Spectroscopic and Electrochemical Study of Titanium
Electrorefining: Luis OrtiZ; Donald R. Sadoway !Massachusetts
Institute of Technology, Dept. Matls. Sci. & Eng., 77 Massachusetts
Ave., Rm. 8-109, Cambridge, MA 02139-4307 USA

Sputtering targets for the microelectronics industry are made by

WEDNESDAY PM

2:50 PM

Comparison of Induction Slag Melted and Commercial Ti-6Al-
4V Alloys: Alan D. Hartman; Karol K. Schrem% Gordon R. Holcomb
Edward R. Argetsingér Jeffrey S. HansenJack |. Paige Paul C.
Turnet; !Albany Research Center-DoE, Therm. Treat. Tech., 1450
Queen Ave. S.W., Albany, OR 97321 US#&slbany Research Center-
DoE, Matls. Conserv. Div., 1450 Queen Ave. SW, Albany, OR 97321
USA

The Albany Research Center of the U.S. Department of Energy has
been investigating a means to form useful wrought products by direct
and continuous casting of titanium bars using cold-wall induction melt-

electrorefining metallurgical grade titanium in a molten chloride elec-
trolyte. The feedstock is titanium sponge produced by the Kroll or
Hunter process. The kinetics of metal deposition are being investi-
gated by spectroscopic (visible and Raman) and electrochemical
(voltammetric and impedance) techniques. Sponsorship of the research
from The ALTA Group, JM Electronics, is gratefully acknowledged.

ing rather than current batch practices such as vacuum arc remelting.

Continuous ingots produced by cold-wall induction melting, utilizing a
bottomless water-cooled copper crucible, without slag (CaF2) addi-
tions had minor defects in the surface such as “hot tears”. Slag addi-
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interactions. Similar decreases in hydrogen pressures were obtained
from studies on thermally aged La\M, with Sn (x=0.24) and Mn

Rare Earths and Actinides: Science (x=0.4) substitution. Thermal aging at 563K and 583K also showed
. L) . similar trends as that of 473K aging, except that desorption isotherms

TeChnOIOgy and Appllcat|0ns IV Rare developed slopes at lower H/M values; the absorption isotherms were

Earths 1l: Processing unaffected. Room temperature aging of LaNAl, ,.tritide for 6.8

. T . years showed that the desorption isotherms developed a steep slope.
Sponsored bynght Metals Division, Reactive Metals During tritium aging, helium-3 formed due to radiolytic decay and

Committee remained trapped in the metal lattice. This resulted in non-uniform
Program OrganizersRenato G. Bautista, University of strain in the lattice which broadened the X-ray diffraction Bragg peaks.
Nevada-Reno, Department of Chemical and Metal Engineer- The thermal aging results will be discussed.

ing, Reno, NV 89557-0136 USA, Brajendra Mishra, Colorado 3:00 pPm

School of Mines, Kroll Institute for Extractive Metals, Hydrogen Amorphization of GdFe, Laves Phase Hydride

Golden, CO 80401-1887 USA Dhanesh Chandra Ricardo B. Schwaez University of Nevada,
Metallu. and Matls. Eng. Div., Mackay School of Mines, Mail Stop
388, Reno, NV 89557 USA) os Alamos National Laboratory, Matl.

Wednesday PM  Room: Lincoln E Sci. and Tech. Div., Mail Stop G755, Los Alamos, NM 87545 USA
March 15,2000  Location: Opryland Convention Center We have investigated the effect of hydrogen interaction with GdFe
Laves phase alloy. Crystalline hydrides are formed at relatively low

Session ChairsDanesh Chandra, University of Nevada, temperatures and pressures, and the reaction is reversible. AHzgFe
. . is formed at room temperature, which is reversible, with a H/M ratio of
Metall. and Matls. Eng., R_eno’ NV 89557 USA; Seshadri 1.6. However, at this temperature desorption of all the hydrogen from
Seetharaman, Royal Institute of TeChn0|Ogy’ Dept. of the hydride is difficult because of slow kinetics and, for pressures below
Metallu., Stockholm SE-100 44 Sweden 108 Pa, the desorption isotherm deviates from the absorption iso-

therm. An amorphous Gdfé, phase forms at intermediate tempera-
tures and pressures. The absorption isotherm for this hydriding reac-
tion is quite unusual in that, as the crystal-to-amorphous transforma-
tion is accompanied by either a gain or a loss of hydrogen. Absorption
isotherms taken below 475K showed that there is an abrupt decrease in
the hydrogen capacity of the alloy during the crystalline-to-amor-
phous hydride phase transformation. Whereas the absorption isotherms
taken above 475K showed that there is an abrupt increase in the
hydrogen capacity during amorphization. At temperatures above 525
K, hydrogen absorption causes to the disproportionation of the ,GdFe
crystal into a two-phase mixture of Ggdldnd bcca-Fe. The formation

of the crystalline and amorphous GdFe2Hx phases, phase stability
egions, disproportionation of the hydride will be discussed.

2:00 PM
The Preparation of Gd//5(Si/Ix/Gell1l-x/)//4IMagnetic Refriger-
ant Materials from Commercial Gadolinium Metal: Karl A.
Gschneidner Alexandria O. PecharskyVitalij K. Pecharsky; tlowa
State University, Ames Lab., 255 Spedding, Ames, IA 50011-3020
USA

About three years ago we discovered the giant magnetocaloric ef-
fect materials Gd//5/(SilIxIGell1-x/)/l4], whereX5. These materials
have great promise as useful magnetic refrigerant alloys for a wide
range of applications-building air conditioning, supermarket chillers,
frozen food processing plants, automotive climate control, etc. To ;
date most of the samples have been prepared by arc-melting using high
purity (99.8 at.%) Ames Laboratory Gd metal. The sample sizes are of 3:30 PM Break
the order of 50g or less. If commercialization is to be realized, one will
need to use inexpensive commercial grade Gd (95 to 98 at.% pure with
major impurities of O and C) and a melting process which can be used
to prepare large quantities (1kg or larger) of the Gd//5/(Sil/x/Gell1-x/)/
/4/alloys. We found that carbon impurities are detrimental by prevent-
ing the formation of the monoclinic phase and thus destroy the giant
magnetocaloric effect in Gd//5/(Si//x/IGell1-x/)//4IfoeX5. This pa-
per will discuss the development of processes to overcome these an
other difficulties. Kilogram quantities of the material which exhibits
the giant magnetocaloric effect have been prepared. The reSUItantture pressure, salt and feed materials composition on the yield and
magnetocaloric effect is slightly less than that obtained by arc-melting .~ ™’ '

righ purty G metal with St and Ge. Supported by US DOE, Office of [Tl SE % 08 BOSRR 08 BEAREC, (00 Mt 50
Basic Energy Sciences, Div. of Mats. Scis., under Contract No. W- P 9 ag

did the impurity content of the metal. An excellent agreement was

4:00 PM
Metallothermic Processing of Nd from NdF3 R. S. Chioy R. G.
Reddy; The University of Alabama, Chem. Eng., Tuscaloosa, AL
35487 USA;2The University of Alabama, Metallu. and Matls. Eng.,
Tuscaloosa, AL 35487 USA

Production of neodymium metal by the reduction of neodymium
éluoride with sodium as a reductant in presence of NaCl-NaF flux was
studied. Process calculations were carried out using Gibbs energy mini-
mization method. The effect of process parameters such as tempera-

/405-ENG-82. obtained between the experimental and the calculated data. The results
2:30 PM were also compared with other metallothermic processes for the pro-
Thermal Aging Studies of LaNi, ,Al, s Hydrides and Tritides: duction of neodymium.

D. Chandra; W. N. Cathey; D. Clareg; H. Mandalig; J. R. Wermex J.
S. Holde#; W. C. Mosley; !University of Nevada, Metallu. and Matls.
Eng. Div., Mackay School of Mines, Mail Stop 388, Reno, NV 89557
USA,; 2Los Alamos National Laboratory, Mail Stop C 348, Los Alamos,
NM 87545 USA;3Westinghouse Savannah River Company, Savannah
River Tech. Ctr., Aiken, SC 29808 USA

The LaNj type hydrides are important for applications such as
hydrogen/tritium storage systems and others. In this study, thermal
aging of LaNj,Al,,-hydride was performed in the range of 473 to

4:30 PM
Kinetics Studies of Nitridation of Fel7-Nd2 Alloys V. V. Hong;
R. E. Auné; Seshadri Seetharamin 'Royal Institute of Technology,
Dept. of Metallu., SE-100 44, Stockholm, Swedé&Fhe Vietnam Cen-
ter for Science and Technology, Instit. of Matls. Sci., Dept. of Rare
Earth Met., Hoang Quoc Viet-Cau giay, Hanoi, Vietnam

The magnetic properties of Fe-Nd alloys are significantly improved
by the introduction of interstitial elements like boron and nitrogen. In

583K, and LaNj Al tritide at room temperature. The hydrogen the processing of these property optimized magnetic alloys, it is im-

aging experiments performed at 473K, showed a rapid initial decreaseportant to have access to the kinetic information regarding the nitro-

. . . eqen uptake by these alloys at the process temperatures. The present
in hydrogen pressure followed by gradual decreases in pressure; th work was undertaken to study the kinetics of nitridation of Fel7-Nd2
initial hydrogen pressure was 1930 kPa. Isotherms taken at 389K, y

after hydrogen thermal aging at 473K, showed that the desorption magnetic alloys in the temperature range 1173-1473 K. Thin plates of

pressure of the isotherm decreased by approximately 45 kPa. Va(:uumthe high purity alloy (10 mm diam, initial weight between 207 and 463

annealing of LaNi.Al .. showed that the plateau pressure decreases mg) were used. The increase in mass of the sample was followed using
9 NizAl0.75 ) P P a SETARAM, TAG 92 unit, as a function of time at 1173, 1273, 1373
were not due to metallurgical heat treatment but because of hydrogen 172



and 1473K and nitrogen partial pressures of 100%, 75%, 50%, an

d2:30 PM

25%(vol%). Nitrogen gas was purified so that the partial pressure of In-Situ Nondestructive Evaluation Method for Characterizing

oxygen was < 10 -23 bar. The incubation period was a function o

f Sintering of Metal Matrix Composites: James C. Folely David

temperature, followed by a rapid nitridation period, and a slow down in K. Rehbein; *Ames Laboratory, Metallu. and Cera. Pgm., 122 Metals

the reaction rate due to the formation of product layer. Oxygen impu

rity have a strong influence on the reaction kinetics. The activation

- Dev., Ames, |IA 50011 USA
Renewed interest in the area of metal matrix composites has spurred

energy for the rate controlling step during the initial stages of nitrida- the development of technologies to enable the production of low-cost
tion was evaluated. The reaction mechanism and the effect of oxygenmetal matrix composites. One such technology that is being developed

impurity on the reaction rate are discussed.

5:00 PM

Gaseous Fluorination of Metal Hydrides M. L. Andersoh I. E.
Anderson; J. C. Foley, !lowa State University, Ames Lab., Metallu.
and Cer., Ames, |IA 50011 USA

Corrosion of the metal hydride electrode in nickel-metal hydride
(Ni/MH) rechargeable batteries is a common cause of failure. The
primary cause of the corrosion is the interaction with the caustic
potassium hydroxide (KOH) electrolyte solution. A method has been

developed to react the lanthanum contained within the metal hydrid
material with nitrogen trifluoride gas (NF3), creating a lanthanum

fluoride (LaF3) layer at the surface of the powders. Development of a
consistent passivation layer would enable manufacturing of longer

lasting Ni/MH batteries. The method used to create this coating an

at the Department of Energy’s Ames Laboratory is an in-situ nonde-

structive evaluation method to characterize sintering. The new method
consists of a high temperature EMAT to measure the amplitude and
velocity of an ultrasonic tone burst traveling through a sample during

sintering. Samples of Al-4 wt% Cu + 10%, 20% and 30% SiC respec-

tively were examined with the new method. In addition, the samples

were examined with standard metallography, density measurement,
thermal analysis and mechanical testing techniques. Comparison of
obtained results demonstrates that density and the extent of sintering
can now be directly observed as a function of time with the new

technique. Support from an Ames Laboratory directed research and
development grant and DOE-BES-DMS under contract no. W-7405-

Eng-82 is gratefully acknowledged.

e

d2:50 PM

results pertaining to the effect the coating has on the ability of the Thermodynamics of In-Situ Reaction between TiO2 and Pure

material to perform as a battery electrode will be described. The Mate- Al:

lulian Gheorgh& Henry J. Rack Clemson University, Cer. &

rials Science Division of DOE/BES provided funds for this research Matls. Eng. Dept., 204 Olin Hall, Clemson, SC 29634 USA

under contract W-7405-Eng-82.

Research and Development Efforts on
Metal Matrix Composites: Processing

of MMCs

Sponsored byJoint ASM-MSCTS/TMS-SMD Composites
Committee; Young Leaders Committee

Program Organizers:John J. Lewandowski, Case Western
Reserve University, Department of Materials Science and
Engineering, Cleveland, OH 44106 USA; Warren H. Hunt,
Aluminum Consultants Group Inc., Murrysville, PA 15668
USA

Wednesday PM Room: Bayou A
March 15,2000  Location: Opryland Convention Center

Session ChairsWarren H. Hunt, Aluminum Consultants
Group, Murrysville, PA 15668 USA; James C. Foley, Ames
National Laboratory, Ames, IA 50011-3020 USA

2:00 PM Invited

Status, Issues and Opportunities in Processing of Metal Ma-
trix Composites: Glenn S. Daehhh 1The Ohio State University,
Matls. Sci. and Eng., 2041 College Rd., Columbus, OH 43210 USA

The reaction between the matrix and reinforcement is normally
considered deleterious in the fabrication of MMC'’s. Indeed major ef-
forts have been made to avoid matrix-reinforcement reaction Al-SiC,
Al-Graphite, etc. However it is possible to fabricate thermodynami-
cally stable systems by recognizing the inevitability of these reactions
and fabricating composites that allow the reactions to progress to
completion. This presentation summarizes the thermodynamic design
basis for the in-situ formation of AI203 reinforced (Ti3Al, TiAl,
AI3Ti). Thermodynamic calculations show that the reduction of TiO2
to Al203 and the formation of titanium aluminum intermetallic com-
pounds Ti3Al, TiAl, AI3Ti is possible within a large temperature range.
Isothermal Ti-Al-O cross sections at 8@and 1100C indicate that
either Ti3Al + Al203, TiAl + AI203, and AI3Ti + Al203 two-phase
equilibrium, or Ti3Al + Al203 + alpha-Ti, Ti3Al + TiAl + Al203, and
Al + AI3Ti + Al203 three-phase equilibrium is possible. Furthermore
the calculated AI-TiO2 pseudo-binary phase diagram was calculate
and is showing the stability of Al203 + Ti3Al, Al203+ TiAl, Al203+
Al3Ti, Al203+ Ti3Al + TiAl, and Al203+ TiAl + AI3Ti phase regions
up to very high temperatures creating in the same time the base for t
design of quantitative experiments. This work is supported by th
Office of Naval Research and coordinated by Dr. S. Fishman, undsg
contract No. 96PR07712-00.

3:10 PM
High Strain Rate Superplasticity of In-Situ ZrAl3 Fiber Rein-
forced Aluminum Composites Tsunemichi Imai Jianfu Mag;
Lin Geng; Sumito Kojim&; !National Industrial Research Institute of
Nagoya, 1-1 Hirate-cho, Nagoya 462-8150 Japhiarbin Institute of
Technology, Harbin 150001 PRE@Nagoya Municipal Industrial Re-
search Institute, 3-4-41 Rokuban-cho, Atsuta-ku, Nagoya, Japan
Nano ZrO2 particles used as reinforcement were mixed with pure
aluminum powder (1N90 and sintered at 823K under the pressure of

WEDNESDAY PM

If one starts by considering the optimization of metal matrix com- ) : ) |
posite properties, a list of technical issues that must be dealt with 285MPa for 20 minutes. This produced ZrAl3 fiber reinforced 1N90

through processing can quickly emerge. Concerns include: uniform Pure aluminum composite with fiber diameter less than 1mm by reac-
dispersion of reinforcement, scale of reinforcement and microstruc- 10N of ZrO2 with aluminum. The volume fractions of Zr02 ;elected

ture, thermodynamic compatibility, mismatch in thermal expansion Were 0.05, 0.10 and 0.15. Sintered ZrAI3/1IN90 Al composites were
to name a few. In some way these issues can work either with or againspxtruded with the extrusion ratio of 44:1 at 823K. The extruded ZrAl3/

the composite and process designer and must be considered togethefN90 composite(Vf=0.05) exhibited an m value more than 0.3 and a
when designing a composite and its manufacturing process. This pre_total elqngatlon of abogt 150% at the.stra.ln rate of 0.1/sec at 923K.
sentation will consider the limiting cases of how one might create a Hot rolling the composite after extrusion increases the total elonga-
composite (solid-consolidation, reaction processing, solidification of tion to aPPUt 200% at Q.l/sgc and at 913K. TEM mlcro-ch_ara(_:tenza-
tion clarifies that the fine fiber should be ZrAl3 and grain size of

ZrAI3/1IN90 composite is 2~3mm.

3:30 PM Break

slurries, and direct deposition). From this an attempt will be made to
point out under-exploited opportunities for reducing cost and improv-
ing performance in metal matrix composites.
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3:40 PM 4:20 PM
Interface Design Strategies for High Temperature Composite Excimer Laser Shock Processing on Metal Matrix Composites
Systems Joon Sik Park John H. Perepezkp 'University of Wis- James G. CrossJong-Kook Park Kali Mukherjeé; Michigan State
consin-Madison, Dept. of Matls. Sci. & Eng., 1509 Univ. Ave., Madi- University, Matls. Sci. & Mech., High Energy Laser Process. Lab.,
son, WI 53706 USA East Lansing, M| 48824 USA

A clear understanding of the basic factors controlling reproducible Particulate reinforced metal matrix composites (PRMMC's) have
composite processing is critical for the high temperature application. received strong interest due to the potential advantages over mono-
Since the usual composite materials represent ternary or higher ordefithic metal alloys in numerous engineering applications. However,
systems, model ternary systems including potential reinforced materi- the PRMMC's retain high levels of residual stresses, due to a mismatch
als such as B4C and SiC phases have been examined in order to providef coefficient of thermal expansion (CTE), between a ceramic rein-
effective strategies for the composite materials design. One attractiveforcement and a metal matrix. The residual stresses result in surface
approach to obtain the stable phase combination (i.e. compatibility) is crack initiation, which limits structural application of metal matrix
to produce the desired phase combination by using controlled interfacecomposites. Laser shock processing (LSP) is a unique way to locally
reaction to achieve in-situ synthesis. For example, if the reaction alter the residual stress profile on a metal matrix composite. By using
between matrix and reinforcement materials does not yield a preferreda very short laser pulse with high energy density, LSP can generate
phase combination, the diffusion path can be biased to produce thesurface plasma that induces high-pressure stress wave propagation.
desired phase combination. An effective approach to control the reac-The residual stresses can be relieved on the surface by incident shock
tion products and diffusion pathway by adding an extra component waves, which are generated by the confined expansion of the high-
layer as a kinetic bias has been developed and investigated based upopressure plasma. A KrF excimer laser is used for the pulsed laser irra-
flux calculations and a semi-empirical database. The growth kinetics diation, on a stir-melt processed alumina/6061 aluminum composite.
of the product phases and the effect of the biasing layer during inter- An x-ray diffractometer is used for measurements of the residual stresses.
diffusion reaction will be presented for Ni/SiC and TiSi2/TiAl systems.
The influence of the kinetic bias includes not only a control over the 4'40.PM . . . L .

. - . Friction-Stir Welding of Metal-Matrix Composites: Aluminum

phase selection and sequencing, but also a control over the microstruc-

LT e . 6061-20% ALO, and Aluminum A339-10% SiC:. Lawrence E.
tural morphology that develops during interdiffusional reactions. An O B i . :
. e : . . . Murr?; Ying Li%; Elizabeth A. Trilld; The University of Texas, Metallu.
analysis of the diffusional interactions in terms of component chemi-

) L ) . . _and Matls. Eng., 500 W. University Ave., El Paso, TX 79968-0520
cal potential variations provides useful general guidance for reaction

S I - . . USA
path control and the. Ilm!tlng klnetIFZS. With an.lntgrfa.ce .deS|gn' strat Friction-stir welding (FSW) involves deformation-induced dynamic
egy based upon a diffusion path directed by kinetic biasing to include L L . . L
: Sl . 77" recrystallization to facilitate solid-state, superplastic flow. In the join-
thermodynamically stable phase combinations, the resulting in-situ . )
: . . ; ing of aluminum alloys such as 6061, heat affected areas cause reduc-
synthesis offers a self-healing of internal damage to yield robust com-

. ) ) 0 .
posite performance. The support of ONR (N00014-02-J-1554) is grate-tlons in re_S|duaI str_ength and hardness of ngarly 50%, and strategies to
fully acknowledged reduce this behavior have been only partially successful. However,

when ALO, particles are added to aluminum alloy 6061, the initial

4:00 PM
Reactive Infiltration Processing and Compression Creep of
NiAl and NiAl Composites: T. A. Venkatesh David C. Dunang

IMIT, Matls. Sci. and Eng., Rm. 8-139, 77 Massachusetts Ave., Cam-

bridge, MA 02139 USA:Northwestern University, Matls. Sci. and
Eng., 2225 N Campus Dr., MLSB 1123, Evanston, IL 60208 USA

yield stress and hardness are increased; nominally by 33% at 20%
particle additions. When aluminum alloy 6061 + 20%Gy| MMC is
friction-stir welded, there is a reduction in hardness just outside the
weld zone of 58%. However, in contrast to 6061 Al, the minimum
residual hardness is reduced by only 9%. Similar results are obtained for
the FSW of aluminum alloy A339 (11% Si, 1% Cu, Mg, and Ni, 0.5%

Reactive infiltration processing of bulk and composite NiAl was Fe, balance Al) + 10% SiC; and this MMC welded to the Al 6061 + 20%
investigated with powder and wire preforms of nickel. Inhomogeneous Al,O,. In each case the hard particles are homogeneously stirred into
microstructures were often obtained with powder preforms becausethe weld zone, which has been dynamically recrystallized. Examina-
their high surface-to-volume ratio, low permeability, and irregular in- tion and comparison of the microstructures associated with FSW in
filtration paths lead to simultaneous infiltration and reaction. Homog- these systems not only provides some examples of the technological
enous NiAl could be obtained with nickel-wire preforms which had a potential for FSW in joining complex and dissimilar MMC systems,
lower surface-to-volume ratio, higher permeability, and regular infil- but also the opportunity to examine particulate flow phenomena in
tration paths, because infiltration was completed before the onset ofsolid-state, extreme deformation processing. This is especially no-
reaction. Composites with continuous tungsten (W) and sapphire fi- table in the examination of intercalated flow in the Al-6061-20%
bers were also successfully fabricated by reactive infiltration, while Al,0,/AI-A339-10% SiC system which is facilitated by differential
composites with molybdenum particulates and short-fibers showed sig-etching in optical metallography. Implications for friction processing
nificant dissolution in NiAl. The high-temperature uni-axial compres- such as friction extrusion reforming of previously formed MMC are
sion creep behavior of uni-directionally reinforced continuous fiber also presented. Research supported in part by a NASA Cooperative
composite materials was investigated using NiAl-W as a model system Agreement (NCC8-137) and by a General Services Administration
for the case where both the NiAl matrix and the tungsten fiber under- grant.
went plastic deformation by creep. The creep behavior of the con-
stituents NiAl and W and NiAl composites reinforced with 5-20 vol-
ume% W was characterized at 10€5and 718C. At 1025C, the

5:00 PM
Distribution of Reinforcing Particles in MMCs Produced by

) . o ) : . Spray Atomization and Deposition Qingzhou X& Enrique J.
NiAI-W composites exhibited three stage creep behavior with distinct Lavernia tUniversity of California, Chem. and Biochem. Eng. and

primary, secondary, and tertiary creep, where the composite creep-lvIatIS Sci. Irvine. CA 92697 USA

rate decreased monotonically, remained constant, and increased rap- : . o
. : } ) L o Aluminum-based MMCs are synthesized by spray atomization and
idly, respectively. At 71%C, the NiAl-W composites exhibited insig- L ; ) S -

deposition combined with a co-injection method or a stirring method.

nlflcant primary an(_j tertiary creep but significant secondary creep. The present work attempts to provide insight into the distribution of
Microstructurally, primary and secondary creep were characterized by . : . . ) .
reinforcing particle in the different processing approaches. For the

pure uni-axial compression of tungsten fibers while brooming, bulging, co-injection method, it is easy to incorporate SiC particles into the

buckling, and kinking were four fiber deformation modes that contrib- - . : ; .
. . spray of metallic droplets, but the aggregation of SiC particles often is
uted to tertiary creep. The observed secondary creep behavior corre- ; ; L
; ; . ; very severe as a result of the non-uniform spatial distribution of par-
lated well with the rule-of-mixtures isostrain model developed for

. . . ticles which come from several isolated injectors. For the stirring
composites where both phases undergo creep deformation while new

. ; . method, it is difficult to add SiC particles into aluminum liquid due to
models were developed for the composite primary and tertiary creep : ) L
. . the effect of surface tension. However, the particle distribution is very
and were correlated reasonably well with the experimental results.

uniform in the matrix since MMCs are generated through the accumu-

lation of individual droplets containing SiC particles. Additionally, the
174
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interactions between SiC particles and the moving solid-liquid solidifi-
cation interface as well as their influence on the final distribution of

reinforcing particles are analyzed theoretically.

Surface Engineering in Materials Sci-
ence | Coating/Films Properties Evalu-
ation (PE)-II

Sponsored byMaterials Processing and Manufacturing
Division, Surface Engineering Committee

Program OrganizersSudipta Seal, University of Central
Florida, Advanced Materials Processing and Analysis

examined tribological properties of diamond coatings as the basic re-
search. Diamond coatings were deposited on cemented carbide pins and
disks. Diamond coated pins were rubbed against diamond coated disk
and stainless steel and titanium disks in different environments. When
as-deposited diamond coatings were rubbed against as-deposited dia-
mond coatings, we confirmed that the friction coefficient decreased
rapidly. Some studies on this phenomenon have been reported and
several mechanisms have been proposed. This phenomenon suggests
that as-deposited diamond coatings can be used without polishing.
From observation of the surface by scanning electron microscopy
(SEM), the change of surface morphology caused this phenomenon.
Secondly, making use of this phenomenon, we applied diamond coat-
ings to a machine element such as bearings.

2:40 PM
Study of Corrosion Behavior of Laser Glazed and TiC Laser

Center and Mechanical, Materials and Aerospace Engineer-coated H13 Die Steel Daiel Pirzadd; E. G. Baburaj M. R.

ing, Orlando, FL 32816 USA; Narendra B. Dahotre, Univer-

Govindarajg; F. H. (Sam) Froégs 1University of Idaho, Instit. for

sity of Tennessee Space Institute, Center for Laser Applica- Matls. and Adv. Process., 321 Mines Bldg., Moscow, ID 83844-3026

tions, Tullahoma, TN 37388 USA; Brajendra Mishra,
Colorado School of Mines, Kroll Institute for Extractive
Metals, Golden, CO 80401-1887 USA; John Moore, Colo-
rado School of Mines, Department of Metallurgy and
Materials Engineering, Golden, CO 80401 USA

USA; 2Karta Technology Inc., 1892 Grandstand, San Antonio, TX
78238 USA

There is a growing interest in application of intermetallic and ce-
ramic coatings and surface treatments to extend the die-casting die
life. These coatings reduce the molten metal corrosion and erosion to
the die. Due to its excellent corrosion and highly abrasion resistant

nature titanium carbide is a suitable candidate for coating die-casting
dies. Amongst the different surface treatments and coating technolo-
gies being presently used, laser surface engineering is very attractive
due to its flexibility, depth of penetration, high solidification rates
(103-108 K s-1), and production of metastable phases. This paper
presents the results of a study involving isothermal corrosion of laser
surface treated and TiC laser coated H13 steel under accelerated corro-
sion conditions. The effects of grain size of the TiC coating and
different laser surface treatment parameters on corrosion behavior of
H13 die steel in liquid aluminum alloy A390 have been investigated. A
significant improvement in corrosion resistance was achieved for H13
steel coated with TiC. The finer grain size and laser shot peening
contribute significantly towards improving the corrosion behavior of
steel in molten aluminum. Based on metallographic studies and energ

dispersive spectrometry (EDS) the effectiveness of the coatings alo
ser Surface Processed Low Carbon SteelsMary Helen McCay, with the possible reason for their behavior are presented. The pote

Narendra B. Dahotte John A. Hopkin§ T. Dwayne McCay Uni- tial applications for laser surface treatment and TiC coatings to ad
versity of Tennessee Space Institute, Ctr. for Laser App. MS 24, B. H. greqs specific industrial problems are also discussed.

Goethert Pkwy., Tullahoma, TN 37388 USA
Two low carbon steels were coated with compositional mixes of 3:00 PM

chromium and chromium/nickel powders and laser surface processed afffect of Deposition Temperature on the Physico-Chemical Be-
four different energy levels to investigate the ability to predict, and havior of Ti-Al-N Thin Films: S. Seal A. Kale; V. Desat; D.
therefore control, the metallurgical properties. Metallurgical analysis Jimenez K. Sundararfy N. Dahotré; *University of Central Florida,
consisted of metallographic observations, hardness tests, x-ray dif-AMPAC & MMAE, Eng. 381, Orlando, FL 32816 USAUniversity of
fraction, SEM and microprobe compositional determination and wear Central Florida, Elect. and Comp. Eng. Dept., Orlando, FL 32816
tests. Analytical calculations using processing parameters and compo-USA; SUniversity of Tennessee Space Institute, Ctr. for Laser App.
sitional mix parameters were employed to predict melt depths and Dept. of Matls. Sci. & Eng., MS-24, B. H. Goethert Pkwy., Tullahoma,
final alloy composition. Nickel and chromium equivalents were then TN 37388 USA
calculated and the phases evaluated based upon the Shaeffler diagram Nitride based hard coatings are of prime interest in today’s cutting
(for lower compositions) and the Fe, Ni and Cr phase diagrams (for tool technology. Ternary (Ti,A)N with a 1:1 Ti:Al ratio seems to be
higher compositions). This provided the basis for estimations of hard- & Promising alternative candidate to the widely used titanium nitride:
ness and wear. Results show the possibility of predicting laser surfaceThe major concern of using TiN in high-temperature applications is
processed alloy layer phases and properties. due to the fact, that it oxidizes rapidly at temperatures aboveC500

In contrast, (Ti,Al)N coatings are characterized not only by high
2:,20 PM_ ) ) ) . . microhardness and dense microstructure, but also by their greater ther-
Tribological Properties of Diamond Coatings and Their Appli- mal stability. In this study, (Ti,Al)N coatings were deposited onto
cation to a Machine Element Ryo Nawatg Hitoshi Tokura; *To- 316SS substrates under ambient and liquid nitrogen temperatures by dc-
kyo Institute of Technology, Dept. of Mech. Eng., 204 Ishikawadai

: magnetron sputtering. Both structure and morphology are greatly af-
?enkyu2|kkent0, 2-12-1 O-okayama Meguro-ku, Tokyo 152-8552 tacted by the deposition temperatures. The as deposited films were
apan

) ) ) oxidized in a vertical fused-silica tube furnace in pugea@nosphere at
Almost twenty years have past since the synthesis of diamondgsyrc for 3.5 and 7.5 hours. Because of their outstanding properties

coatings by chemical vapor deposition (CVD) was completed. Dia- \ith respect to hardness, wear resistance, oxidation resistance and

mond coatings have many excellent properties, such as high hardnessyqrosjon resistance, it seems to be desirable to study the crystal struc-

a low friction coefficient and low wear rate. Nevertheless, they have ture, mechanical and surface chemical properties of (Ti,Al)N thin

not many uses, except for cutting tools, because polishing diamondms in detail by using SEM, XRD, AES and XPS.

coatings consumes much time and money. From a point of view de-

scribed above, if as-deposited diamond coatings can be used without3:20 PM  Break

polishing, they will be applied to many machine elements. Firstly, we

Wednesday PM Room: Canal B
March 15,2000  Location: Opryland Convention Center

Session ChairsJohn J. Moore, Colorado School of Mines,
Adv. Coat. and Surf. Eng. Lab., Golden, CO 80401-1887
USA; John D. Demaree, Army Research Laboratory,
Weapons & Matls. Rsrch. Directorate, Aberdeen Proving
Ground, MD 21005-5069 USA

2:00 PM
Prediction and Evaluation of Mechanical Properties of Two La-

WEDNESDAY PM
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3:35 PM at 75keV with a dose range of 1.0 ~ 8.0x1017 iong/cfhe compo-
Corrosion Resistance of lon Nitrided AISI 304 and 316L Stain- sition and crystallographic structure of as-deposited and implanted
less Steels R. Vallerio; M. Landis; R. Hidalgd; K. Marchev; B. C. TiN coating were characterized by X-ray photoelectron spectroscopy
Giessefr Northeastern University, Barnett Instit. and Dept. of Chem., and Glancing-angle X-ray diffraction. A nanoindentor was employed
Boston, MA USA;2Saint Gobain Industrial Ceramics Inc., Norton Dia- to measure the hardness of TiN coatings. Ball-on-disc wear tests were
mond Film, Northboro, MA USA carried out to evaluate wear resistance of as-deposited and implanted

As the technology of ion nitriding stainless steels progresses, it TIN coatings. The results of wear tests showed that boron ion implan-
becomes imperative to examine the effect of nitriding on the corro- tation resulted in a significant improvement of the wear resistance of
sion resistance of the surface of the treated steel. This work will give TiN coatings.
some insight into the relationship of the conditions of the nitriding .

) . 4:55 PM

treatment to the corrosion resistance of the surface layer through
their effect on its structure. By varying the nitriding conditions, single
or multi-phase nitride layers can be obtained, leading to dramatic
changes in the corrosion resistance. As reported earlier, a textured
tetragonal martensitic phase (mphase) can be produced by nitriding
under mild conditions. The corrosion resistance of m phase was com-
pared and found to be superior to that of a mixture of ph@sasdy)
present after higher temperature treatments.

Performance Comparison Between Various Carbide & Metal
Co-Sputtered Coatings F. M. Kustas;, B. Mishra; J. Zhod; !Engi-
neered Coatings, P.O. Box 4702, Parker, CO 80134-4702 &S#o-
rado School of Mines, Dept. of Metallu. & Matls. Eng., Golden, CO
80401 USA

Carbide coatings have excellent potential for wear applications if
their toughness, wear resistance, and durability can be increased. Addi-
tion of metals to ceramics is a well know method to increase tough-

3:55 PM ness, as demonstrated by traditional cermet (ceramic/metal) bulk ma-
Wear Behavior of Cr3C2-NiCr Detonation Spray Coating Jun terials technology. Using a similar approach, several different carbide
Wang; Sun Baode L Yaohe Zhoy !Shanghai Jiao Tong University, & metal cermet systems were fabricated in coating-form using bias-
School of Matls. Sci. & Eng., Shanghai, China assisted unbalanced magnetron co-sputtering from a single target. Cer-

Coatings can be applied to surfaces to improve the surface characmet systems that were fabricated for subsequent evaluation included
teristics over those of the bulk properties and are widely used in tribo- boron carbide (B4C) & molybdenum (Mo), titanium carbide (TiC) &
logical applications either to reduce wear and/or to modify friction tungsten (W), TiC/titanium diboride (TiB2) & W, TiC/chromium car-
during contact. One of the foremost coating methods for combating bide (Cr3C2) & metals, and silicon carbide (SiC) & metals. Coating
wear is thermal spraying, however, despite its widespread industrial elemental composition (by XPS) and structure (by XRD) were mea-
use, little is known about the basic friction behavior and the mecha- sured, while scratch adhesion, microhardness, and wear tests were per-
nisms by which such coatings wear. Thus, most thermal spray wearformed to enable performance comparisons between the different cer-
coating applications and developments are based on empiricism. Inmet systems. In general, unique performances were measured for dif-
order to prolong the conticaster roll's life, Cr3C2-NiCr detonation ferent cermet systems. For example, the TiC&W system exhibits
spray coating has been processed on the roll surface in the steelmakingxcellent wear resistance (non-measurable wear against WC-Co at an
plant of Bao ShanSteel Company. The wear behavior of the coatinginitial stress of 1.3 GPa (192 ksi), whereas the B4C & Mo system has
was studied systematically in this paper. The abrasive and dry fric- extremely high hardness (>5000 HKN). Reasons for the different
tional wear testing were performed on a pin-on-disk tester. Experi- performances of the cermet systems are proposed and candidate appli-
ment results show that the wear resistance of the coated samplesations for these unique cermet coatings are discussed. Work partially
without the risk of seizure are much better than those of the uncoatedsupported by a Department of Energy grant under the Entrepreneur’s
at room and elevated temperature with any load and sliding velocity. Technical Assistance (ETAP) Program.

And the coating wear mechanisms under variation test condition were
discussed.

4:15 PM . . .
Development and Testing of Corrosion-Resistant Properties of Ultraﬁne Gralned Matenals:

CVD Mullite Coatings for Silicon Nitride: Svetlana M. Zemskoya Mechanical Behavior and
James A. Haynés Matthew K. Ferber Kevin M. Cooley; David P.

Stintort; !Oak Ridge National Laboratory, Met. and Cer., P.O. Box Stl’engthenlng MeChar"SmS: ”
2008, 1 Bethel Valley Rd., Oak Ridge, TN 37831-6063 USA Sponsored byMaterials Processing and Manufacturing

Recently it has been demonstrated that thin (3-5mm) chemical piyvision. Powder Metallurgy Committee, Shaping and
vapor deposited (CVD) mullite 3AI203x2SiO2 provides excellent oxi- Forming’Committee '

dation protection for Si3N4 and SiC in high-pressure steam. However, . . . . .
CVD mullite microstructure and composition may substantially influ- Program OrganizersRajiv S. Mishra, University of

ence the coating properties. It was found that the Al:Si ratio in CvD Missouri, Metallurgical Engineering, Rolla, MO 65409-0340
coatings with “mullite-like” structures can be varied from 1:1 up to 9:1 USA,; S. L. Semiatin, Wright Laboratory, Materials Director-
depending on the deposition conditions. The present investigation isate, Dayton, OH 45440 USA; C. Suryanarayana, Colorado
aimed at development of CVD parameters for fabrication of dense, gqp 0| of Mines, Department of Metal and Materials
uniform, crystalline mullite coatings with controlled Al:Si ratios. The . . .
mechanical properties of as-coated Si3N4 specimens were tested b)Engmeermg’ Golden, CO 80401 USA; Naresh Thadhani,
four-point bending and compared with the properties of non-coated Georgia Institute of Technology, School of Materials

material. The effect of mullite Al:Si ratio on coating microstructure, Science and Engineering, Atlanta, GA 30332-0245 USA
mechanical properties and oxidation resistance was evaluated.

4:35 PM Wednesday PM Room: Polk A/B

Influence of Boron lon Implantation on the Mechanical Prop- March 15, 2000 Location: Opryland Convention Center
erties of TiN Coatings Deposited by Cathodic Arc Evaporation
Yao-Can Zhy Y. Matusmoté; K. Fujital; N. lwamotd; N. Nagasaka . . . . .
T. Kataokd; lon Engineering Research Institute Corporation, 2-8-1, Session Chalr'le'SIan Z. Valiev, InStltuFe of PhySICS of
Tsuda-yamate, Hirakata, Osaka 573-0128 Jaffmara Research Com- Advanced Materials, Ufa 450000 Russia

pany Limited, 2-1,Honfuzisawa 4-chome, Fujisawa 251-8502 Japan;
3Ebara Corporation, 20-1 Nakasode, Sodegaura, Chiba-ken 299-02962.00 PM Invited

Japan Creep Inhibition of Ceramic/Ceramic Nanocomposites Tatsuki

T'N coatings were deposne_d on SUS‘}ZOJZ stee_l subs_trates t_)y CaDhjil; INational Industrial Research Institute of Nagoya, Superplastic
thodic arc evaporation. Boron ions were implanted into TiN coatings \11oscience Lab.. Hirate-cho. Kita-ku Nagoya 462-8510 Japan
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The dispersion of nanometer-sized silicon carbide particles into element on the creep of this material, in that the solute plays a signifi-
alumina or silicon nitride matrix results in significant improvements cant role in the grain boundary characteristics. In this presentation, we
in creep resistance. The creep rates of the nanocomposites are abowtill report tensile properties and creep behavior of nanostructured
several orders of magnitude lower than those of the monolithic ceram-nickel doped with 250ppm carbon. The experimental results showed
ics. In this paper much attention is paid to the interfaces between thethat Young’s modulus has been improved significantly by adding 250ppm
intergranular nanoparticles and the matrix, and its role in creep inhi- carbon while the tensile ductility and yield strength decreased at room
bition. It will be shown that the intergranular nanoparticles are rigidly temperature in contrast with the solute hardening in the polycrystal-
bonded to the matrix by several approaches. The rigid bonding of theline nickel. The tensile creep tests showed enhanced creep strain rate
interfaces causes the inhibition of grain boundary sliding, leading the at room temperature and 373K under the stress ranging from 200MPa
remarkably improved creep resistance. The importance of change into 800MPa compared with that of pure nanocrystalline nickel. Further
grain boundary chemistry by doping the nanoparticles is also empha-creep tests will be performed at low loads 50-100MPa and higher tem-
sized. In addition, below specific stresses, the creep rates are remarkperatures. The conventional TEM has been employed to investigate
ably decayed, suggesting the presence’s of the threshold stresses belomicrostructures of the crept specimens. Effect of carbon on creep
which creep stops. The estimated threshold stress ranges from ten tanechanisms at various conditions will be discussed based on mechanical
several ten MPa, depending on the volume fraction of the testing results and microstructure characterization.
nanoparticles. These stresses agree with those predicted from th%,35 PM Break
Ashby’s model, where motion of grain boundary dislocations respon-
sible for vacancy nucleation and annihilation is considered to be pinned3:45 PM
by hard particles. Superplastically Sinter-Forged SiN, and SiN,-SiC Ceramics

. . Naoki Kondé; Yoshikazu Suzukj Tatsuki Ohjt; INational Industrial
2:25 PM Invited Research Institute of Nagoya, Superplastic Nanoscience Lab., Hirate-
Deformation Model During Equal-Channel Angular Pressing ; N

Patrick B. Berboti 'Rockwell Science Center, 1049 Camino Dos Rios, ChOil'rfelt?r;:(cti;)s,\:ijgc%?e:iznfgrﬁgcd:giigl roperties gf,Sind SiN,-
Thousand Oaks, CA 91360 USA prop 4 4Na

In the last few years, the equal-channel angular (ECA) pressingSIC’ produced by a superplastic sinter-forging technique from submi-

technique has allowed remarkable achievements in the production ofc.ron SiN, or Si-C powders, were investigated. Both the obtained mate-

. . . . . rials exhibited highly anisotropic microstructures, where rod-shaped
submicrocrystalline (SMC) materials with superb superplastic proper- SiN. arains tended to be alianed perpendicularly to the foraing direc-
ties, particularly at low temperatures and high strain rates. Although .3 ™ 9 g perp y ging

- ) ) tion. In addition, for the SN,-SiC material,3-silicon carbide grains
some of the observed mechanical properties can be explained by the . . . . .

L . with micrometer-size and nanometer-size were found at the grain bound-
small grain size resulting from the process, other results are more

puzzling. It appears they are caused by the specific mode of deforma-anes and within the g\, grains, respectively. Very high bending strength

; S ) : - -~ “as well as high fracture toughness were achieved when a stress was
tion occurring in ECA processing. In this paper, we are first reviewing aoplied peroendicularly to the pressing direction
the specificity of this metal working technique, and we are then pro- pp perp y P 9 ’
posing a possible deformation mechanism to explain the observed4:05 PM
microstructures, their thermal stability, and the superb superplastic Superplastic Microstructure of Modified AA-5083 Aluminum
properties. Alloy Processed by Equal Channel Angular Extrusion Darrell
R. Herling;; Mark T. Smith; Pacific Northwest National Laboratory,
Matls. Process., 902 Battelle Blvd., Mail Stop: P8-35, Richland, WA
99352 USA

Current processing methods that are used to develop fine-grain
superplastic microstructures in aluminum alloys involve extensive ho
and cold deformation steps, usually in the form of hot and cold rolling
This approach has distinct limitations that can have a significant influ
ence on the cost and quality of superplastic forming (SPF)-grades
aluminum sheet. First, the extensive cold rolling required for SPF al

. Lot ; . 5 minum sheet typically results in substantial edge cracking and overa
. 80fbl- . T ;
tigated. Processing involved hot working the material at*G0tl yield losses. The second limitation is that the high levels of hot an

lowed by warm working at 20C€ and 170C to a cumulative processing . . ) .

- . . - . cold work necessary to achieve the desired microstructure requires sta
strain of ~ 13.8. Inclusion of an intermediate solution-heat treatment ing with very large ingot size. while the final product is usually limited
at 530C following a processing strain of ~ 9.2 was found to enhance 9 y larg 9 ’ P y

superplasticity. Particle sizes greater than Qu&6were found to have to thin gage sheet. !n addition, through conventlt_)nal rolling thgrmal
. . mechanical-processing (TMP) schedules, the microstructure is typ
an adverse effect on superplastic performance. Microtexture evolu-

R R ; S ; cally limited to 5-10 micrometer grain size. An improvement in SP
tion indicated a progressive increase in misorientation angle of the . h

. ; S ; performance can be achieved with the development of smaller-gral
boundaries as deformation strain increased. Conventional superplas:

ticity was achieved at 52Q with elongation to failure over 400% and equiax microstructure ~1 micrometer. The Eq_ual Channel An_gular EX
. LT . e trusion (ECAE) process offers several potential advantages in the pr
a strain-rate sensitivity index of 0.35. Marginal superplasticity was

) ; . ; ) cessing of SPF-grade aluminum alloys. The ability of the ECAE process
achieved at 35T with elongation to failure over 250% and a strain- 9 g Y - . P
T . . to achieve high levels of work through localized shearing can develop
rate sensitivity index of 0.23. The measured particle volume fraction : ) - ) o
: o L ) ._a well defined subgrain structure and provide a mechanism for distribut-
of 0.02 was insufficient to adequately stabilize the submicron-size

. . ; ing the eutectic constituent particles and dispersoids that play a critical
microstructure against grain growth at both temperatures. . o : )
role in the recrystallization process and resulting thermally stable fine-

2:50 PM Invited
Microstructure and Mechanical Properties of Aluminum 5083
Processed by Equal Channel Angular Extrusion John W.
Sinclair; K. T. Hartwig; R. E. Goforth; 1Texas A&M University,
Mech. Eng., 800 Swan Place, Worland, WY 82401 USA

Commercial grade Al-5083 was processed in bulk form by equal
channel angular extrusion to a submicron sized microstructure with
boundaries ranging in size from 0.3 to O45® and the room tempera-
ture strength and superplastic performance afGldnd 350C inves-

WEDNESDAY PM

3:15 PM grain size. In addition, with ECAE there is the unique ability to achieve
Creep Behavior of Carbon Doped Nanocrystalline Nickel W. these desirable microstructures in bulk form, without reducing the di-
M. Yint; S. H. Whang R. Mirshamg, C. H. Xia®; Polytechnic Uni- mensions of the starting material, as is the case in conventional pro-

versity, Dept. of Mech. Eng., Six Metrotech Ctr., Brooklyn, NY 11201 cessing of SPF materials. The objective of this work was to process, via
USA; 2Southern University and A&M College, Dept. of Mech. Eng., ECAE, a 5000-series aluminum alloy in bulk form to produce a fine-
P.O. Box 9987, Baton Rouge, LA 70813 USA grain (~1 micrometer), thermally stable SPF microstructure. Previous
Nanostructured nickel processed by pulse plating exhibits an excel-work performed at Pacific Northwest National Laboratory on modi-
lent combination of full density, uniform grain size and ultrahigh ten- fied 5000-series alloys identified several compositional features that
sile strength. Nevertheless, it shows room temperature creep undeassist in developing a fine, thermally stable microstructure required for
high stress conditions. It appears that the room temperature cree@lSPF. These modification, which include an increase in Mn level and the
might be associated with high grain boundary diffusion. From this addition of Zr, develop fine dispersoids that assist in grain refinement
prospective, it is interesting to investigate effect of a particular solute and control excessive grain growth at SPF temperatures. Mechanical
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tensile testing was conducted to evaluate the SPF properties of the
ECAE processed materials.

4:25 PM
An Evaluation of the Applicability of Theoretical Models for
Elevated Temperature Plasticity to Ultrafine Grained Materi-
als: Rajiv S. Mishrg 1University of Missouri, Dept. of Metallu. Eng.,
218 McNutt Hall, Rolla, MO 65409-0340 USA

In the last ten years synthesis of ultrafine grained materials, includ-
ing nanocrystalline, has opened up the possibility of extending our
knowledge of grain size dependent phenomenon to a much finer mi-
crostructural scale. Superplasticity and creep deformation are known
to be grain size dependent and the mechanistic understanding in the
microcrystalline range is fairly good. The emerging experimental data
on elevated temperature plasticity in the ultrafine grain size range
allows us to evaluate the applicability of these mechanisms in this new
domain. The present analysis shows that the kinetics of grain bound-
ary related deformation processes are significantly slower than the
theoretical model predictions. Some thoughts on the reason for these
discrepancies are presented.

4:45 PM Discussion Break
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