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SESSION DAY ROOM PAGE

Advances in Casting High Temperature Alloys ....................................................................Tues-AM Salon F&G 26

Beryllium and Beryllium Alloys; Nuclear and Structural Applications I ..............................Tues-AM Salon M 28

Beryllium and Beryllium Alloys; Nuclear and Structural Applications II .............................Tues-PM Salon M 40

Beryllium and Beryllium Alloys; Nuclear and Structural Applications III ...........................Wed-AM Salon M 57

Beryllium and Beryllium Alloys; Nuclear and Structural Applications IV ...........................Wed-PM Salon M 71

Computational Materials Science at the Microstructural Scale I ...........................................Wed-AM Caprice 1&4 58

Computational Materials Science at the Microstructural Scale II ..........................................Wed-PM Caprice 1&4 72

Computational Materials Science at the Microstructural Scale III ........................................Thurs-AM Caprice 1&4 85

Defects in Solidification Processing I ...................................................................................Mon-AM Salon F&G 2

Defects in Solidification Processing II ..................................................................................Mon-PM Salon F&G 11

Design in Materials Education ..............................................................................................Mon-AM Rookwood 3

Dynamic Behavior of Composites I ......................................................................................Mon-AM Salon D&E 3

Dynamic Behavior of Composites II .....................................................................................Mon-PM Salon D&E 13

General Abstract Sessions: Advances in Processing and Heat Treatment I ..........................Tues-PM Salon F&G 41

General Abstract Sessions: Advances in Processing and Heat Treatment II ........................Wed-AM Salon F&G 61

General Abstract Sessions: Advances in Processing and Heat Treatment III .......................Wed-PM Salon F&G 75

General Abstract Sessions: Advances in Steel Technology ...................................................Mon-PM Caprice 2&3 14

General Abstract Sessions: Environmental and Chemistry Degradation of Materials ..........Mon-PM Rookwood 16

General Abstract Sessions: High Temperature Behavior I ....................................................Wed-AM Salon D&E 59

General Abstract Sessions: High Temperature Behavior II ...................................................Wed-PM Salon D&E 73

General Abstract Sessions: Microstructure and Mechanical Properties I .............................Wed-AM Salon B&C 62

General Abstract Sessions: Microstructure and Mechanical Properties II ............................Wed-PM Salon B&C 76

Hydrogen Effects on Materials Behavior I ...........................................................................Tues-AM Salon H&I 29

Hydrogen Effects on Materials Behavior II ..........................................................................Tues-PM Salon H&I 42

Hydrogen Effects on Materials Behavior III ..........................................................................Wed-AM Salon H&I 64

Hydrogen Effects on Materials Behavior IV ........................................................................Wed-PM Salon H&I 77

Modeling the Performance of Structural Materials I .............................................................Mon-AM Salon H&I 5

Modeling the Performance of Structural Materials II ...........................................................Mon-PM Salon H&I 17

New Opportunities in MMC Research and Applications I ...................................................Tues-AM Salon D&E 31



○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

xviii

SESSION ROOMDAY PAGE

New Opportunities in MMC Research and Applications II ..................................................Tues-PM Salon D&E 45

Pb Free and Pb Bearing Solders I .........................................................................................Tues-AM Salon B&C 32

Pb Free and PB Bearing Solders II .......................................................................................Tues-PM Salon B&C 46

P/M: Current Research and Industrial Practices I .................................................................Tues-AM Caprice 2&3 35

P/M: Current Research and Industrial Practices II ................................................................Tues-PM Caprice 2&3 49

P/M: Current Research and Industrial Practices III ..............................................................Wed-AM Caprice 2&3 67

P/M: Current Research and Industrial Practices IV ..............................................................Wed-PM Caprice 2&3 81

P/M: Current Research and Industrial Practices V ................................................................Thurs-AM Caprice 2&3 88

Powder Processing of Light Metal Alloys I ..........................................................................Mon-AM Salon B&C 6

Powder Processing of Light Metal Alloys II ........................................................................Mon-PM Salon B&C 19

Processing and Properties of Structural Nanomaterials I ......................................................Tues-AM Rookwood 33

Processing and Properties of Structural Nanomaterials II ....................................................Tues-PM Rookwood 48

Processing and Properties of Structural Nanomaterials III ...................................................Wed-AM Rookwood 66

Processing and Properties of Structural Nanomaterials IV ...................................................Wed-PM Rookwood 79

Processing and Properties of Structural Nanomaterials V ....................................................Thurs-AM Rookwood 86

Refractory Metals & Alloys — A Symposium on Research, ................................................Mon-AM Caprice 1&4 8
  Development & Applications I

Refractory Metals & Alloys— A Symposium on Research, .................................................Mon-PM Caprice 1&4  20
  Development & Applications II

Refractory Metals & Alloys — A Symposium on Research, ................................................Tues-AM Caprice 1&4 36
  Development & Applications III

Refractory Metals & Alloys — A Symposium on Research, ................................................Tues-PM Caprice 1&4 51
  Development & Applications IV

Symposium to Honor Professor Julia R. Weertman I ...........................................................Mon-AM Rosewood 9

Symposium to Honor Professor Julia R. Weertman II .........................................................Mon-PM Rosewood 22

Symposium to Honor Professor Julia R. Weertman III ........................................................Tues-AM Rosewood 38

Symposium to Honor Professor Julia R. Weertman IV ........................................................Tues-PM Rosewood 52

Symposium to Honor Professor Julia R. Weertman V .........................................................Wed-AM Rosewood 68

Symposium to Honor Professor Julia R. Weertman VI ........................................................Wed-PM Rosewood 82
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9:10 AM
Crystallography and Phase Transformations in Ti-Al Based
Metal Hydrides:  Bryan Molloseau1; Marc De Graef1;  1Carnegie
Mellon University, Mats. Sci. and Eng., Roberts Engineering Hall,
Rm. 136, 5000 Forbes Ave., Pittsburgh, PA 15213 USA

 Transition metal intermetallics have potential applications in hy-
drogen-based propulsion systems for aircraft and future hyper-
sonic vehicles. To obtain an in-depth understanding of the effect of
hydrogen on the stability and properties of transition metals and
their hydrides we have embarked upon a combined modeling and
experimental study of a tetragonal hydride (q-phase) in the Ti-Al
system. This hydride phase is obtained after high pressure, high
temperature charging, and replaces all a2 phase in a duplex micro-
structure. The unit cell of the hydride is body-centered tetragonal
and we will present results from x-ray diffraction, neutron diffrac-
tion, electron diffraction and high resolution transmission electron
microscopy detailing the transformation from a2 to the heavily
faulted q-phase.

9:30 AM
Thermohydrogen Processing of Titanium Alloys:  F. H.(Sam)
Froes1; Oleg N. Senkov1; Mutlu Cavusoglu1; Javaid I. Qazi1; Wil-
liam M. Mullins2;  1University of Idaho, Instit. for Mats. and Adv.
Processes, 321 Mines Bldg., Moscow, ID 83844-3026 USA; 2US
Army Research Office, P.O. Box 12211, Research Triangle Park,
NC 27709-2211 USA

Use of hydrogen as a temporary alloying element in titanium al-
loys is an attractive method for enhancing processability including
working, machining, sintering, compaction, etc., and also for con-
trolling microstructure and thereby improving final mechanical prop-
erties. In present paper, the status of the methods and applications
of the thermohydrogen processing of titanium alloys is reviewed.
Effect of hydrogen alloying on the phases present, their composi-
tion, and kinetics of phase reactions are considered. The effect of
hydrogen on hot and cold workability, composite-and powder-
metallurgy-product processing, and microstructure modification
of wrought and cast conventional alloys and intermetallics, includ-
ing production of nanocrystalline structures is discussed. Recent
results on the processing of nanocrystalline alloys and compos-
ites, as well as on studies of the workability of various titanium
alloys at elevated temperatures will also be presented.
Thermohydrogen processing has clear advantages in the develop-
ment of improved microstructures and mechanical properties in
titanium alloys. In the case of near net shapes it is the only method
for significant microstructural modification. It allows energy sav-
ing in processing final products by improving the workability.

9:50 AM
Deformation and Fracture of Hydrided Zircaloy-4:  D. W.
Bates1; R. S. Daum2; D. A. Koss2; A. T. Motta2;  1Currently U.S.
Navy; 2Pennsylvania State University, University Park, PA 16802
USA

During reactor exposure, Zircaloy-4 cladding tubes in pressurized
water reactors undergo corrosion and hydriding, potentially affect-
ing cladding mechanical properties. This study is investigating the
effect of hydrides on the failure of Zircaloy-4 under conditions
relevant to reactor-exposure hydriding, specifically the tendency
to form hydrides locally near the outer (cool) surface of the Zircaloy
cladding. We have tested unirradiated cladding tube material using
ring specimens subjected to both plane-strain and uniaxial tension
at room temperature and 300 degrees centigrade. Three material
conditions have been examined: unhydrided, uniformly hydrided,
and hydrided such that the hydrides are concentrated within a
layer near the outer surface of the cladding tube. While a uniform
distribution of hydrides does not affect ductility over a wide range
of test conditions, specimens with hydride layers greater than
100um (> 740 wt ppm H) are embrittled. Conversely, specimens
with hydride layers less than 100um (400-600 ppm H) exhibit
ductility, suggesting a transition from ductile to brittle failure at a
critical hydride layer thickness.

10:10 AM  Break

10:20 AM
Hydrogen-Induced Effects on Barrier Materials for the Geo-
logical Repository:  Peter J. Bedrossian1; Douglas L. Phinney1;
Joseph C. Farmer1;  1Lawrence Livermore Laboratory, Mats. Sci.
& Tech., P.O. Box 808, L-350, Livermore, CA 94551 USA

Several of the alternative designs for the Engineered Barrier Sys-
tems at the proposed High-Level Waste repository at Yucca Moun-
tain, Nevada include either Titanium Grade 7 or Grade 16. While
exhibiting excellent corrosion resistance, these materials are prone
to hydriding and may therefore be susceptible to hydrogen-in-
duced cracking, swelling, blitering, and related phenomena. It is
therefore crucial to determine the extent to which cathodic hydro-
gen charging, embrittlement, and volume expension may affect the
performance of the proposed waste package designs. Using a com-
bination of in situ atomic force microscopy (AFM) and Secondary
Ion Mass Spectrometry (SIMS), we have observed blister forma-
tion during cathodic charging of titanium in aqueous solutions,
leading to cracking of the surface after extended periods of cathodic
charging. Decreasing the pH of the electrolyte accelerates the blis-
ter formation. The presence and the extent of blistering and swell-
ing phenomena have been correlated with quantitative measure-
ments of hydrogen uptake. This work was performed at Lawrence
Livermore National Laboratory under the auspices of the US DOE
under contract W-7405-Eng-48, and was partially supported by
the Yucca Mountain Project.

10:40 AM
The Crack Propagation Behavior of Zircaloy-2 in High Pres-
sure H2+H2O:  R. Grant Rowe1;  1GE Corporate Research and
Development, P.O. Box 8, K-1, MB265, Schenectady, NY 12301
USA

It has been shown that in a high pressure H2 gas environment at
325°C, Zircaloy-2 fractures in a brittle manner at crack propaga-
tion rates as high as 5 mm/s. The fracture mechanism, termed
HGC, has been determined to be the rapid formation of a d-ZrH1.5

hydride layer at the crack tip followed by brittle fracture and
redevelopment of the layer by deformation enhanced H transport
at the crack tip. A study of the effect of strain rate on HGC at
325°C showed that that at engineering strain rates below 10-3 s-1,
residual H2O in the atmosphere (H2O/H2 @ 10-5) prevented the
initiation of HGC fracture while at higher surface strain rates,
fracture occurred by brittle HGC. The present work examines rate
of crack propagation in H2+H2O environments with various H2O
partial pressures. The interdependency of the environment and
crack propagation rate on the mechanism of fracture will be dis-
cussed.

11:00 AM
Effect of Hydrogen Alloying on Mechanical Properties of Ti-
tanium:  Oleg N. Senkov1; F. H.(Sam) Froes1; John J. Jonas2;
1University of Idaho, Instit. for Mats. and Adv. Processes, 321
Mines Bldg., Moscow, ID 83844-3026 USA; 2McGill University,
Dept. of Metallu. Eng., 3610 University St., Montreal H3A 2B2
Canada

Effect of hydrogen alloying (up to 30 at.%) on elastic and plastic
properties of titanium over the temperature range 20°C to 1000°C
was studied. Elastic moduli slightly increased with an increase in
the volume fraction of a hydride phase at room temperature. Solid
solution of hydrogen in the alpha titanium decreased the shear and
Young’s moduli, increased the bulk modulus, Lame constant and
Poisson’s ratio, and decreased the yield stress, flow stresses and
strain hardening. By contrast, alloying the beta titanium with hy-
drogen increased the shear and Young’s moduli, decreased Poisson’s
ratio, did not appreciably affect the bulk modulus and Lame con-
stant, and increased the yield stress, flow stress and strain harden-
ing. The different effects of hydrogen on the elastic constants and
plastic behavior of alpha and beta titanium are interpreted in terms
of the influence of dissolved hydrogen on the stability of the hex-
agonal close-packed and body-centered cubic lattices in the vicin-
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ity of the alpha-to-beta transformation.

11:20 AM
Effects of Hydrogen on the Fracture Behavior of Zr-Ti-Cu-
Ni-Be Bulk Metallic Glass Alloys:  Daewoong Suh1; Reinhold
H. Dauskardt1;  1Stanford University, Dept. of Mats. Sci. and
Eng., Stanford, CA 94305-2205 USA

Recently developed multicomponent Zr-Ti-Cu-Ni-Be bulk metal-
lic glass alloys exhibit a range of unique properties including ultra-
high strength, large elastic strains, and excellent corrosion and wear
resistance. However, studies conducted on rapidly solidified amor-
phous metals suggest that these materials may be susceptible to
hydrogen embrittlement. At present, there is little understanding
of hydrogen effects on the fracture behavior and mechanisms by
which hydrogen interacts with the amorphous structure. In the
present study, the effects of hydrogen on the mechanical and frac-
ture behavior of Zr41.25Ti13.75Cu12.5Ni10Be22.5 (at.%) bulk
metallic glass alloys have been investigated. Fracture and fatigue
crack growth behavior were examined after hydrogen charging speci-
mens using a cathodic charging technique. It was shown that whereas
the fracture toughness was degraded, fatigue crack growth was
significantly retarded after charging. Such conflicting results are
interpreted in terms of a mutual competition between degradation
of the inherent resistance to crack extension and a reduced crack
driving force by crack tip shielding mechanisms. They include
crack deflection, roughness-induced crack closure and crack bridg-
ing. These processes are believed to counteract the embrittling
effects of hydrogen. Fractographic studies revealed a marked dif-
ference after hydrogen charging indicating a fundamental difference
in fracture and deformation processes. Microstructural character-
ization including XRD and TEM was performed with the aim of
identifying changes due to hydrogen. Possible mechanisms are dis-
cussed with particular emphasis on the mechanical and chemical
effects of hydrogen, and the separate role of intrinsic damage and
extrinsic shielding mechanisms.

11:40 AM
The Effects of Hydride Cycling on the Mechanical Properties
and Hydriding Thermodynamics of Pd-Based Alloys:  David F.
Teter1; Daniel J. Thoma1;  1Los Alamos National Laboratory, MST-
6, MS G770, Los Alamos, NM 87545 USA

Pd-based alloys have the unique characteristic that they retain
structural integrity after cycling through the hydride phase several
times as compared to most metals and intermetallics, which crack
and form powders upon hydriding. Pd-based alloys become heavily
deformed during hydriding, and consequently the hardness, i.e.
yield strength, of the metal increases dramatically above that for
the annealed condition. Also, cycling of the alloy through the hy-
dride phase field alters the thermodynamics of hydride formation
and decomposition. Cycled alloys tend to have flatter plateau pres-
sures in pressure-composition-temperature isotherms than annealed
alloys. The plateau pressure of cycled alloys can be lower, equal or
higher than that of the annealed form depending upon alloy com-
position and temperature of hydriding. Changes in the thermody-
namics and pressure-composition isotherms due to hydride cy-
cling are explained in terms of the mechanical properties of the
annealed and cycled forms of the alloy as well as the mechanism of
hydride growth through these alloys.

12:00 PM
Influence of Delta-Phase, Degree of Homogenization and Cast
Thickness on the Hydrogen Embrittlement of Cast Alloy 718:
Goeran Sjoeberg1; Daniel Cornu2; Thomas Kruslind1; Jonas Ciardi3;
David Pallois2;  1Volvo Aero Corporation, Space Propulsion Div.,
Mail Stop 6670GS, SE-461, Trollhattan Sweden; 2Societe Europeene
De Propulsion, Materiaux Procedes, Foret de Vernon, Vernon, Cedex
27208 France; 3Royal Institute of Technology, Dept. of Mats.
Processing, S-100 44, Stockholm, Sweden

Embrittlement of cast alloy 718 was examined by conventional
tensile testing and by sub-scale, in-situ, tensile testing in SEM of
smooth specimens charged with hydrogen. The effects of delta-
phase, level of homogenization and of cast thickness were studied.

At 30 ppm, the hydrogen embrittlement, measured as the reduc-
tion of elongation at fracture, was of the same order of magnitude
(63-71%) for both thicknesses and both levels of homogenization
examined. For the delta-phase containing material (by deliberate
precipitation) the elongation was reduced by 83%. Fractography
on broken specimens and on polished specimens during the strain-
ing in the SEM supported conclusions from the mechanical data
obtained. Premature fissures due to the presence of hydrogen were
observed in grain boundaries, eutectic areas and especially at the
delta-phase platelet/matrix interfaces.

Processing and Properties of Structural
Nanomaterials III
Sponsored by:  Structural Materials Division, Electronic,
Magnetic & Photonic Materials Division, Powder Materials
Committee, Alloy Phases Committee, Materials Processing &
Manufacturing Division, ASM-MSCTS, Materials & Processing
Committee
Program Organizers:  Leon L. Shaw, University of Connecticut,
Department of Metallurgy & Materials Engineering, Storrs, CT
06269-3136 USA; Lawrence T. Kabacoff, Office of Naval
Research, Arlington, VA 22217 USA; Carl C. Koch, North
Carolina State University, Department of Materials Science &
Engineering, Raleigh, NC 27695 USA

Wednesday AM Room: Rookwood
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  Carl C. Koch, North Carolina State University,
Mats. Sci. and Eng., Raleigh, NC 27695 USA; Enrique J.
Lavernia, University of California, Dept. of Chem. and Biochem.
Eng. and Mats. Sci., Irvine, CA USA

8:30 AM  Invited
Synthesis and Consolidation of Nanocrystalline Materials-
An Overview:  E. G. Baburaj1; F. H. (Sam) Froes1; O. N. Senkov1;
1University of Idaho, Instit. for Mats. and Adv. Processes (IMAP),
321 Mines Bldg., Moscow, ID 83844-3026 USA

This paper reviews the research work, at IMAP, on the synthesis
of nanocrystalline materials from precursor elements and com-
pounds, and their consolidation. Nanocrystalline materials has been
synthesized by a number of far from equilibrium processes, in-
cluding mechanical alloying (MA), mechanochemical processing
(MCP), supercritical fluid processing (SCFP), and severe plastic
deformation (SPD). Examples of the materials include the Ti-Al
based intermetallic compounds and composites produced by MA,
Ti base alloys and metal carbides synthesized by MCP, thin film
Cu produced by SCFP and Al-Fe alloys produced by SPD. Details
of the processes for each category of these materials and the en-
hancement of properties achieved by the retention of nanoscale
structures in consolidations will be presented. The potential of
these processes to substitute for conventional methods of produc-
tion will also be examined.

9:00 AM
A Model for Mechanical Alloying in SPEX-8000 Mill:  Wei
Wang1; Deliang Zhang1; Alan Langdon1;  1The University of
Waikato, Dept. of Tech., Private Bag 3105, Hamilton New Zealand

Mechanical alloying (MA) is a novel ball milling process where a
powder mixture in a ball mill is subjected to high-energy collision
between balls and between balls and the wall of vial. SPEX-8000
mill, as one type of MA mills, are widely used for MA in labora-
tories all over the world. To understand its mechanism, a modelling
study on the milling process of a SPEX-8000 mill is carried out.
The movements of the vial and the balls in the vail are described 3-
dimensionally using plain mechanics equations. Rotation and slip-
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pery of balls during impacts between ball to ball and ball to wall of
vial are included in the consideration. Flow diagrams are introduced
to facilitate numerical calculations. Some interesting results, such
as the impact energy and the impact number as a function of ball
number and ball mass, are presented and discussed.

9:25 AM
Nanostructured TiC Powder Prepared through Carbothermic
Reduction Enhanced by High Energy Milling:  Ruiming Ren2;
Zhenguo Yang1; Leon L. Shaw1;  1University of Connecticut, Dept.
of Metallu. and Mats. Eng., Storrs, CT 06269 USA; 2Dalian Rail-
way Institute, Dept. of Mats. and Eng., Dalian 116028 ROC

This paper describes a novel process for producing nanostructured
TiC powder through carbothermic reduction of TiO2 enhanced by
mechanical activation. Various analytical tools including x-ray dif-
fraction, scanning electron microscopy, transmission electron mi-
croscopy and thermogravimetric analysis have been utilized to
study the structural and phase evolution during milling and
carbothermic reduction. It is demonstrated that high energy milling
prior to carbothermic reduction has substantially reduced the reac-
tion time and temperature of carbothermic reduction. The enhanced
carbothermic reduction has been attributed to the structural and
energy state changes of the reactants caused by the mechanical
treatment prior to the reaction. Furthermore, it is proposed that
these structural and energy state changes contribute to the en-
hanced carbothermic reduction through the increased reaction ki-
netics as well as the increased reaction driving force.

9:50 AM
Mechanical Alloying of Ti-based MMC Alloys by the Zoz
Attritor :  Sedat Özbilen1; Cemil Çetinkaya1;  1Gazi University,
Teknik Egitim Faküültesi, Metal Egitimi Bölümü, Teknikokullar,
Ankara, Turkey

Ti-based advanced class materials systems such as Ti-aluminides,
Ti-MMC’s and CMC’s, and Ti-Al-X alloy powders were pre-
pared by the Zoz attritor under controlled atmospheres and pro-
cessing times. Processed powders by mechanical alloying were
characterised by XRD and SEM investigation. High yield in the
MA MA processed powders were discussed and compared with
those processed by other types of attritors and mills.

10:15 AM  Break

10:35 AM  Invited
Nano Zirconia Powder Synthesized by Mechanochemical Pro-
cessing:  Aaron C. Dodd1; Paul G. McCormick1;  1University of
Western Australia, Special Rsrch. Ctr. for Adv. Mineral and Mats.
Processing, Nedlands 6907 Australia

Recent research has shown that mechanochemical processing of
chloride precursors with oxide exchange reagents can be used as a
technically simple and versatile technique for manufacturing a wide
range of ultrafine oxide powders. In this process the precursors
react, either during milling or during subsequent heat treatment, to
form a composite powder consisting of nanocrystalline oxide par-
ticles embedded within a soluble salt matrix. The ultrafine oxide
powder is then recovered by removing the salt by-product with an
appropriate solvent. This paper reports on recently developed
extensions to this basic technique for manufacturing ultrafine pow-
ders of stabilised zirconia. Factors influencing the particle size and
degree of agglomeration will be discussed.

11:05 AM
Synthesis of Nanostructured WC-12%Co Coating Using Me-
chanical Milling and HVOF Thermal Spraying :  Jianhong
He1; Michael Ice1; Enrique J. Lavernia1;  1University of California
Irvine, Chem. and Biochem. Eng. and Mats. Sci., 916 Eng. Tower,
Irvine, CA 92697-2575 USA

A nanostructured WC-12% Co coating was synthesized using me-
chanical milling and high velocity oxygen fuel (HVOF) thermal
spraying. The variation of powder characteristics with milling time
and the performance of the coatings were investigated using SEM,
X-ray, TEM and microhardness measurements. There is no evi-
dence that indicates the presence of an amorphous phase in the
sintered WC-12% Co powder, and the binder phases in this pow-

der are the hcp and fcc Co solid solutions. Mechanical milling of up
to 20 hours did not lead to the formation of an amorphous phase in
the sintered WC-12% Co powder. During the initial stages of the
milling, the brittle W carbide powders were first fractured into
fragments and then embedded into the binder phase. This process
gradually formed polycrystal nanocomposite powders of the Co
binder phase and W carbide particles. The conventional cold weld-
ing and fracturing processes primarily occurred amongst the Co
binder powders and polycrystal composite powders. The nano-
structured WC-12% Co coatings, synthesized in the present study,
consist of an amorphous matrix and W carbides with an average
particle diameter of 35 nm. The coating possesses an average
microhardness of 1135 DPH, and higher apparent toughness than
that of its conventional counterpart. KEYWORDS: Nanostruc-
tured materials, amorphous, mechanical milling, and thermal spray-
ing.

11:30 AM
Solid State Reactions in Nanometer Scaled Diffusion Couples:
Deliang Zhang1; Danyang Ying1;  1The University of Waikato,
Dept. of Tech., Private Bag 3105, Hamilton New Zealand

When two solid phases such as elemental metals are in contact to
form a diffusion couple, solid state reactions may occur at the
interface as long as there exists a thermodynamic driving force for
the reactions. To facilitate the solid state reactions, sufficiently
high mobility of atoms is also required, and thus the diffusion
couple has to be heated to above a critical temperature before the
reaction can occur. For a given diffusion couple, one might expect
that the reaction temperature and the reaction outcome is fixed, but
observations reported in literature indicate that the reaction tem-
perature and associated reaction products are closely related to the
scale of a diffusion couple. When the dimension of a diffusion
couple is in nanometer scale, the reactions often occur at much
lower temperatures, and in association with the low reaction tem-
perature, metastable phases may form as a result of the reaction. In
order to understand the relationships between the scales of a given
diffusion couple, the reaction temperature and the phase forma-
tion, we have investigated solid state reactions in diffusion couples
of micrometer and nanometer scales. This paper will describe and
discuss the results of this investigation. The diffusion couples of
different scales were obtained by high energy ball milling of mix-
tures of elemental powders to different stages. The kinetics of
solid state reactions and resulting phase formation were studied by
using differential scanning calorimeter and x-ray diffractometer.

11:55 AM
Ti-TiN MMC’s by Reactive Mechanical Alloying :  Sedat
Özbilen1; Abdülkadir Güllü2;  1Gazi University, Metallu. Edu. Dept.,
Ankara Turkey; 2Gazi University, Mech. Educ. Dept., Ankara
Turkey

Reactive mechanical alloying of TiH2, Ti-TiH2 powder mix and
mechanical alloying of Ti powder mix for 10 uninterrupted hours
with sealed vial was carried out under nitrogen. This was followed
by annealing of MA’ed powders under nitrogen to 950°C for ther-
mal treatment to determine the stability of nitrides forming. Repre-
sentative samples of each powder mix RMA’ed and thermally
treated were characterised by XRD using Cu K radiation and exam-
ined by Cambridge ST40 Stereoscan SEM operating under 25kV to
determine morphology and crystal structure change of the pow-
ders. It was observed that RMA under nitrogen cause to the forma-
tion of TiN in all the samples studied. Annealing under nitrogen to
950°C for 1 hour leads to the formation of Ti-TiN-Ti2N multiphase
material in samples 1 and 2 (albeit with different ratios); to that of
Ti-TiN composite material in sample 3. This shows that sintering
of the MA’ed powders of TiH2, Ti-TiH2 and Ti is a promising
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way for producing ultrafine grained Ti-TiN composite materials
with RMA processing under nitrogen.

P/M: Current Research and Industrial Prac-
tices: Reactor Design and Synthesis
Sponsored by:  Materials Design and Manufacturing Division,
Powder Materials Committee
Program Organizers:  F. D. S. Marquis, South Dakota School of
Mines & Technology, Department of Materials & Metallurgy
Engineering, Rapid City, SD 57701-3995 USA; Enrique V.
Barrera, Rice University, Metal Engineering & Materials Science
Department, Houston, TX 77251 USA; G. M. Janowski,
University of Alabama, Department of Materialss & Mechanical
Engineering, Birmingham, AL 35294-4461 USA; Naresh
Thadhani, Georgia Institute of Technology, School of Materials
Science & Engineering, Atlanta, GA 30332-0245 USA

Wednesday AM Room: Caprice 2&3
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  Naresh N. Thadhani, Georgia Institute of
Technology, School of Mat. Sci. and Eng., Atlanta, GA USA;
Vitalli N. Nesterenko, University of California-San Diego, Dept.
of AMES, La Jolla, CAUSA

8:30 AM  Keynote
Thermal Plasma Synthesis of Ceramic Powders:  Patrick R.
Taylor1;  1University of Idaho, McClure Hall, Moscow, ID 83844-
3024 USA

General reactor design considerations for the formation of several
ceramic powders by thermal plasma processing are presented, as
well as the possible chemical reactions involved in the processes
under the high temperatures generated. Silicon carbide, titanium
carbide, titanium diboride, zirconium carbide, titanium carbide-
iron, boron nitride and barium strontium titanate powders have
been synthesized. For each ceramic system the precursors are
vaporized completely in the hot zone of the reactor where the
plasma source is located; the vapors then travel down the tempera-
ture gradient to meet conditions where specific chemical reactions
may occur (with subsequent nucleation and/or growth); this is
followed by rapid quenching to minimize back reactions or addi-
tional growth, thus enhancing the formation of metastable com-
pounds that are consequently stabilized at room temperature. A
description of the reactor system is presented along with theoreti-
cal and experimental results and conclusions from experiments.

9:05 AM  Invited
Fullerenes and Nanotubes: Current Research and Future Di-
rections:  E. V. Barrera1;  1Rice University, Mech. Eng. and Mats.
Sci. MS-321, Houston, TX 77005 USA

Since the discovery of fullerenes in 1985 and nanotubes in 1991, a
great deal of effort has been spent on understanding their basic
properties. Since that time, efforts have also been initiated to de-
velop applications for these very interesting lightweight carbon
molecules. This presentation will highlight the various investiga-
tions going on to develop applications for fullerenes and nanotubes.
Only the work in Materials Science at Rice University will be
emphasized yet some general applications will also be given. In
this presentation the use of fullerenes for nanocrystalline materi-
als, magnetic thin films, and ultra hard materials will be discussed.
Mechanical, electrical and thermal applications of nanotubes will
be presented. Their powder properties will be emphasized and our
ability to process them into materials will be discussed. Support
for this research has come from NSF grant no. DMR-9357505,
NASA grant no. NGT9-23, and ONR grant no. N00014-99-1-
0246.

9:35 AM
Purification and Functionalization of Vapor Grown Carbon
Nanotubes and Single Walled Nanotubes:  K. Lozano1; E. V.
Barrera2;  1NASA-Johnson Space Center, Bradley Files, Houston,
TX 77058 USA; 2Rice University, Mech. Eng. and Mat. Sci. MS-
321, Houston, TX 77005 USA

We present an overview of the methods used to purify and
functionalize two types of carbon nanotube materials. Vapor grown
carbon fibers (VGCFs) have been purified by oxidation methods
and subsequently functionalized by different acid treatments.
Single-walled nanotubes are purified by a somewhat similar pro-
cess and can now be functionalized by a fluoridation method. Final
products tend to be either dry VGCFs or SWNTs in solution.
SWNTs can also be processed as a “Bucky Paper.” Analyses of
these materials involves SEM, TEM, WDS, and IR methods. The
current understanding of the availability and current conditions of
nanotubes will be identified. Support for this research has come
from NSF grant no. DMR-9357505 and NASA grant no. NGT9-
23.

10:05 AM Break

10:20 AM  Invited
Powder Metallurgy at Los Alamos National Laboratory–Then
and Now:  Sherri R. Bingert1;  1Los Alamos National Laboratory,
MST-6, Metallu. Mats. Sci. and Tech., P.O. Box 1663, MS G770,
Los Alamos, NM 87545 USA

Powder metallurgy has been an active part of Los Alamos pro-
grams for over fifty years. Although not all state-of-the-art, the
capabilities represent one of the widest and most unusual collec-
tions of processing equipment in the country, most of which has
been used for fabrication of components for internal requirements
and for research and development, or demonstrations of process-
ing technology. The past, present, and future operational capabili-
ties of the section will be presented and include: powder making,
powder characterization, reactive powder handling, powder condi-
tioning, hot and cold uniaxial pressing, hot and cold isostatic press-
ing, extrusion, powder rolling, sintering and heat treatment facili-
ties, atmospheric and low pressure plasma spray, flame spray,
wire arc spray, alloy development, rapid and directional solidifica-
tion, and consolidation and micromechanics modeling. The team
has worked on a large variety of materials over the course of the
LANL history including most metals, many oxides, composites,
and other unusual materials. Some select projects and results from
past and present programs will be presented.

10:50 AM
Titanium-Titanium Nitride MMC‘s by Reactive Mechanical
Alloying :  S. Ozbilen1;  1Gazi Technical University, Metallu. Eng.,
Teknikokullar, Ankar, Turkey

Reactive mechanical alloying of TiH2 (sample #1),Ti-TiH2 (sample
#2) powder mix and mechanical alloying (MA) of Ti (sample #3)
powder mix for 10 uninterrupted hours with sealed vial was carried
out under nitrogen. This was followed by annealing of MA‘ed
powders under N2 to 950°C for thermal treatment to determine
the stability of nitrides forming. Representative samples of each
powder mix RMA‘ed and thermally treated were characterised by
XRD using Cu Ká radiation and examined by Cambridge ST40
Stereoscan SEM operating under 25kV to determine morphology
and crystal structure change of the powders. It is observed that
RMA under N2 cause to the formation of TiN in all the samples
studied. Annealing under N2 to 950°C for 1 hour leads to the
formation of Ti-TiN-Ti2N multi-phase material in samples #1 and
#2 (albeit with different ratios); to that of Ti-TiN composite mate-
rial in sample #3. This shows that sintering of the MA‘ed powders
of TiH2, Ti-TiH2 and Ti is a promising way for producing ultrafine
grained titanium-titanium nitride composite materials with RMA
processing under N2.

11:20 AM
SEM Investigation of Mechanically Alloyed Materials Sys-
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tems by Zoz Attritor :  S. Ozbilen1; Mehmet Erdogan1;  1Gazi
Technical University, Metallu. Eng., Teknikokullar, Ankara, Tur-
key

One component material systems of brittle, ductile and in-between
nature and two component materials systems such as brittle-to-
brittle, brittle-to-ductile and ductile-to-ductile nature were alloyed
mechanically by using a horizontal type of an attritor, i. e., a Zoz
Attritor under a specified time and MA atmosphere. All  powders
and powder mixtures of above specified nature of material systems
before and after MA by Zoz attritor were examined in detail under
SEM with respect to powder particle size, shape, amount, distri-
bution and surface texture. With this way, the capacity of Zoz
attritor was tested in terms of powder yield suitable for optimised
sintering cycle following MA processing.

Symposium to Honor Professor Julia R.
Weertman: Nanocrystalline Materials I
Sponsored by:  ASM International: Materials Science Critical
Technology Sector, Flow & Fracture Committee
Program Organizers:  Yip-Wah Chung, Northwestern Univer-
sity, Department of Materials Science & Engineering, Evanston,
IL 60208 USA; Peter K. Liaw, University of Tennessee,
Department of Materials Science & Engineering, TN 37996-2200
USA; David Dunand, Northwestern University, Department of
Materials Science & Engineering, Evanston, IL 60208 USA; Greg
Olson, Northwestern University, Department of Materials
Science and Engineering, Evanston, IL 60208 USA

Wednesday AM Room: Rosewood
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  David A Rigney, The Ohio State University;
Hector A. Calderon, IPN, Dept. Ciencia de Materiales Mexico,
D.F. 07300 Mexico

8:30 AM  Invited
Microscopic Description of Plasticity in Computer Gener-
ated Metallic Nanophase Samples:  Helena Van Swygenhoven1;
Alfredo Caro2; Miklos Spaczer1;  1Paul Scherrer Institute, GFA,
Villigen-PSI ch-5232 Switzerland; 2Centro Atomico Bariloche,
Bariloche 8400 Argentina
Large scale molecular dynamics computer simulations are reported
on the elastic and plastic behaviour of two model fcc metals, Ni and
Cu, with different stacking fault energies and mean grain sizes in
the range of 3-12 nm. The microstructure of the different samples
is discussed in terms of density, excess energy and the presence of
low angle and high angle grain boundaries. It is shown that there
exists a critical grain size below which a transition from an intra-
grain to a purely inter-grain plasticity occurs and that this transi-
tion is determined not only by the grain size but also by the stack-
ing fault energy and the presence of many low angle grain bound-
aries. Below the critical grain size all plasticity is accommodated in
the grain boundary (GB). The strain rates increase strongly with
decreasing grain size. The deformation mechanism is discussed in
terms of a model based on GB viscosity controlled by a self-
diffusion mechanism at the disordered interface, activated by ther-
mal energy and stress. Above the critical grain size the strain rates
are less sensitive to the grain sizes and plasticity is partly accom-
modated in the GB, partly inside the grains by the creation of
stacking faults. Accurate analysis of the atomic configurations
shows that the stacking faults are produced by the passage of
partial dislocations generated and absorbed in opposite grain bound-
aries. The release of local stress by the emission of partial disloca-
tions seems to be large enough to inhibit further emission of a
partial in the same or in a neighbouring plane, making mechanical

twining a rare event that has not been observed in these model
materials. Atomic displacement analysis shows that deformation
starts often at triple points, with GB sliding followed by the cre-
ation of intra-grain Shockley partial dislocations which glide on
slip systems that are not necessarily those favoured by the Schmid
factor. A quantitative evaluation of the sliding mechanism and the
dislocation activity is given and discussed in terms of the stacking
fault energy and the presence of many low angle grain boundaries.

9:00 AM
The Limiting Strength Properties of Nanocrystalline Mate-
rials:  Ronald W. Armstrong1; Gary D. Hughes2;  1University of
Maryland, Dept. Mech. Eng., College Park, MD 20742 USA; 2Labo-
ratory for Physical Sciences, 8050 Greenmead Dr., College Park,
MD 20740 USA

Updated consideration is given to a number of exciting reasons for
investigating the strength properties of ultrafine grain size materi-
als, for example, relating to the increased importance of the interfa-
cial energy versus the volume free energy of crystals at
nanocrystalline grain sizes. Emphasis is given to the predicted
band of results to be expected for the Hall-Petch (H-P) reciprocal
square root of grain size dependence for strength measurements
based on the dislocation pile-up theory involving small numbers of
dislocations. Further connection is made between low temperature
H-P measurements for nanocrystalline strength properties and such
other model characterizations as: (1) the shear strength of perfect
crystals; (2) tensile instability limitations evaluated from single
crystal strain hardening coefficients; (3) theoretical H-P micro-
structural stress intensities for plastic yielding or cleavage crack-
ing; and, (4) relaxation of the grain boundary obstacle by pile-up
stress influence on Coble-type diffusional creep.

9:15 AM
A Comparison of Deformation and Fracture of Nanolaminate
with Nanocrystals:  Fereshteh Ebrahimi1; Qing Zhai1; Dan Kong1;
Zunayed Ahmed1; Alirio J. Liscano1;  1University of Florida, Mats.
Sci. and Eng., 221 MAE, P.O. Box 116400, Gainesville, FL 32611
USA

Nanostructures can be produced by reducing the grain size of poly-
crystals to the nano-regime or by manufacturing laminated struc-
tures with nano-size layer thickness values. Very high strengths
can be achieved in both structures, however, their deformation
mechanisms may be different. One major difference is the existence
of large internal stresses, which can develop during processing as
well as during deformation, in laminated structures. In this paper
the deformation and fracture behavior of nickel and copper
nanocrystals are compared with Cu/Ag and Cu/Ni nanolaminates.
These materials are produced by electrodeposition and character-
ized using TEM, SEM, x-ray diffraction and tensile testing. The
results of this study reveal that for comparable strength levels the
pure metals fracture by the so-called knife-edge behavior, however
the laminated structures show a behavior typical of two-phase
materials with evidences of brittle type fracture. The latter behav-
ior is attributed to the development of very high local elastic inter-
nal stresses in the laminated structures.

9:30 AM
Characterization of Nanostructured Ti Based Intermetallics:
Hector Alfredo Calderon1; Vicente Garibay-Febles1; Antonio
Cabrera-Perez1; Jose Gerardo Cabañas-Moreno1; Minoru
Umemoto2; Koichi Tsuchiya2;  1IPN, Dept. Ciencia de Materiales,
UPALM ED. 9, Apdo. Postal 75-707, Mexico, D.F. 07300 Mexico;
2Toyohashi University of Technology, Prod. Sys. Eng., Tempaku-
cho, Toyohashi, Aichi 441 Japan

Microstructural characterization and measurement of mechanical
properties of nanocrystalline Ti-Al alloys are reported. Mechani-
cal alloying and sinterization assisted by plasma techniques are
used to produce these nanocrystalline alloys. The alloys investi-
gated include TiAl+X and TiAl3+X where X represents an addi-
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tional element such as Cr, Mn or Fe. Mechanical alloyed powders
have a microstructure, which consist of an amorphous matrix con-
taining small crystalline domains. X-ray diffraction, conventional
transmission electron microscopy (TEM) and high resolution
(HREM) are used to identify the crystallites and the amorphous
matrix after different milling times. Sintered specimens have a crys-
talline microstructure with nanometer-size grains. We obtained a
full dense material by plasma assisted sintering technique. Alloys
based on TiAl-X (X represents Cr and Mn) have mainly the phases
alpha2 (DO19) and gamma (L10) distributed homogeneously in
the form of nanograins, resembling a globular structure. HREM is
used to identify phase nature and distribution. Al3Ti-X (X repre-
sents Cr, Fe and Mn) alloys show only one cubic phase (ordered
L12). Mechanical properties (hardness and compression tests) are
reported as a function of alloy content and grain size for both
types of alloys. TEM is used to characterize the deformation
mechanism during deformation at room temperature. During com-
pression tests of Al3Ti-X no plasticity is recorded; fracture ap-
pears before any plastic behavior. However a relative higher frac-
ture stress is found for the Cr and Mn containing alloys. No dislo-
cation activity has been identified most likely owing to the small
grains produced in these alloys. The AlTi-X alloys present plas-
ticity and have some dislocation activity owing to the relative large
grain sizes observed.

9:45 AM
Mechanical Behavior of Bulk Nanostructured Metals and Me-
tallic Glasses:  Walter W. Milligan1;  1Michigan Technological
University, Dept. of Metallu. and Mats. Eng., Hougton, MI 49931
USA

Professor Julia Weertman was a pioneer in the area of bulk nano-
structured metals, and one of the key people who inspired this
work. An overview will be given of the deformation mechanisms
and mechanical behavior in iron alloys with grain sizes between 45
nanometers and 10 micrometers. The finer-grained alloys exhibit
mechanical behavior which is strikingly similar to amorphous ma-
terials such as metallic glasses and polymers, including shear band-
ing on planes not predicted by continuum mechanics, and an ap-
parently pressure-sensitive yield criterion. The current level of
understanding and a description of the work in progress will be
presented.

10:00 AM  BREAK

10:20 AM  Invited
Grain Boundaries and Interfaces in Nanostructured Materi-
als:  Harriet Kung1;  1Los Alamos National Laboratory, Mats. Sci.
and Tech. Div., MS G755, Los Alamos, NM 87545 USA

Nanocrystalline materials have been attracting rapidly increasing
interest in the last decade mainly due to the potential gain in a wide
range of engineering applications. One characteristic feature of nano-
structured materials is the high density of grain boundaries and
interfaces. The high interface to volume ratio has contributed to
interesting physical properties in the areas of magnetics, optics,
and load-bearing applications. There exist several processing routes
to obtain such materials at a laboratory scale such as powder com-
paction, rapid solidification, severe plastic deformation, and vapor
deposition. The strength exhibited by these structures can reach
within a factor of two to three of the theoretical strength. As the
structural scale approaches the nanometer range, the role and char-
acters of grain boundaries and interfaces in affecting the macro-
scopic mechanical properties become increasingly important and
need to be elucidated. This talk will review the current research
efforts concerning the characterization of grain boundaries and in-
terfaces in nanocrystalline materials. Specifically, the effect of the
different processing techniques (gas condensation and compac-
tion, physical vapor deposition and co-deformation) on the tex-
ture, types, and structure of interfaces in nanostructured metals
(Cu, Pd) and composites (Cu-Nb, Cu-Cr, Cu-Ag) will be pre-
sented. In addition, the role of interfaces in controlling the me-

chanical properties and stability of nanostructured materials will
be discussed as well.

10:50 AM
Mechanical Mixing and the Development of Nanocrystalline
Material during the Sliding of Metals:  David A. Rigney1; James
E. Hammerberg2;  1Ohio State University, Mats. Sci. & Eng., 2041
College Rd., Columbus, OH 43210 USA; 2Los Alamos National
Laboratory, Applied Theoretical & Computational Physics, Los
Alamos, NM 87545 USA

Sliding contact of metals causes dramatic structural and chemical
changes in the material adjacent to the interface. Details vary con-
siderably for different choices of materials and sliding conditions.
However, certain common features are well documented in the
tribological literature. Careful studies of worn surfaces and of cross-
sections provide evidence of large plastic strains and strain gradi-
ents and large strain rates and strain rate gradients. There is also
good evidence for transfer, reactions with chemical species in the
environment and mechanical mixing processes which affect friction
and wear. These processes generate nanocrystalline material near
the sliding interface and in the wear debris. Molecular dynamics
simulations using more than 60,000 atoms help us to understand
how this nanocrystalline material is generated during sliding. In
particular, they reveal that the mechanically mixed layer and the
nanocrystalline material have the same thickness, suggesting a
mechanism for the generation of nanocrystalline material by me-
chanical processes.

11:05 AM
Towards a Topological Description of Nearly-Crystalline Net-
works:  Linn W. Hobbs1; C. Exther Jesurum1; Alexander Coven-
try1; Vinay Pulim1; Bonnie Berger1;  1MIT, LWH, 77 Massachu-
setts Ave., Rm. 1304962, Cambridge, MA 02139-4307 USA

“Crystallinity” is well defined as long-range translational and ori-
entational order and describable in the traditional but arcane lan-
guage of symmetry relations embodied in crystallography. The
“amorphous” state is not similarly well defined or described, and
certainly is not accessible through the concept of symmetry opera-
tions. In the world of nanomaterials, this somewhat artificial dis-
tinction in atomic arrangement blurs; and, indeed, models of the
amorphous state have been proposed which amount to
nanocrystalline assemblages (often polymorphic) with blurred
boundaries. What both forms of atomic arrangement have in com-
mon is topology (or, loosely, connectivity), and there are topologi-
cal rules—just like crystallographic rules—which limit the pos-
sible atomic arrangements, which are in any event few. The ability
to sustain an arrangement in an amorphous state at all can, in fact,
be shown to depend in a clear way on connectivity—or, more
formally, on constraint theory. In this contribution, an algorithmic
approach is described for generating atomic arrangements with
local assembly rules, and a language for describing the resulting
arrangements is laid out, both of which are applicable to crystalline
and non-crystalline arrangements alike. The approach is based on
local coordination units and is applied here to the tetrahedral net-
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works formed by SiO2, Si3N4, SiC and Si. Some interesting conse-
quences of amorphizability are shown to follow.

11:20 AM
Microstructural Evolution, Microhardness and Thermal Sta-
bility of SPTS-Processed Cu:  Honggang Jiang1; Yuntian T.
Zhu1; Igor V. Alexandrov2; Terry C. Lowe1; Ruslan Z. Valiev2;  1Los
Alamos National Laboratory, Mats. Sci. and Tech. Div., MS G755,
Los Alamos, NM 87545 USA; 2Ufa State Aviation Technical Uni-
versity, Instit. of Physics of Adv. Mats., Ufa 450000 Russia

Severe plastic torsional straining (SPTS) was used to prepare
ultrafine-grained Cu materials. The evolution of their microstruc-
ture and microhardness with increasing torsional strains as well as
their thermal stability was studied. Cellular subgrains with low-
angle grain boundaries were first formed at low strain. Some of the
low-angle grain Boundaries transformed to high-angle grain bound-
aries at higher strains, resulting in grain refinement. Correspond-
ingly, microhardness was found to increase with increasing tor-
sional strain. X-ray diffraction patterns showed the formation of
crystallographic texture during the SPTS. SPTS also produced high
internal stress and nonequilibrium grain boundaries. Differential
scanning calorimetry (DSC) study revealed an exothermal peak
between 180 and 280°C. Calculation of the energy released sug-
gests that the peak was caused by both grain growth (recrystalliza-
tion) and dislocation density reduction (recovery). Annealing twins
were formed during the recrystallization. Microhardness started to
drop at a very low temperature of 50°C, indicating a very low
thermal stability.

11:35 AM
Grain-Size-Yield Stress Relationship: Analysis and Compu-
tation:  Marc Andre Meyers1; David J. Benson1; Edward Fu1;
1UCSD, Dept. of AMES, Mail Code 0411, La Jolla, CA 92093
USA

The seminal contributions of Julia Weertman to our understanding
of the mechanical properties of nanocrystalline materials will be
briefly reviewed. A constitutive equation predicting the effect of
grain size on the yield stress of metals, based on the model pro-
posed by M. A. Meyers and E. Ashworth (Phil. Mag.46(1982)73),
is discussed and extended to the nanocrystalline regime. At large
grain sizes, it has the Hall-Petch form, and in the nanocrystalline
domain the slope gradually decreases until it asymptotically ap-
proaches the flow stress of the grain boundaries. The material is
envisaged as a composite, comprised of the grain interior, with
flow stress sigma(f), and grain boundary work-hardened layer,
with flow stress sigma(fgb). Three principal factors contribute to
the grain-boundary hardening: 1. the grain boundaries act as barri-
ers to plastic flow; 2. the grain boundaries act as dislocation sources;
3. elastic anisotropy causes additional stresses in grain-boundary
surroundings.The predictions of this model are compared with
experimental measurements over the mono,micro, and nanocystalline
domains. Computational predictions are made of plastic flow as a
function of grain size incorporating elastic and plastic anisotropy
as well as differences of dislocation accumulation rate in grain
boundary regions and grain interiors.This is the first plasticity
calculation that accounts for grain size effects in a physically-
based fashion. Research supported by US ARO MURI Program at
UCSD.

ASM/TMS Distinguished Lectureship in Materials and
Society

11:45-12:45 PM
Room: Mayflower I & II
Omni Netherland Plaza Hotel

Lecturer: Dr. Mary Lowe Good
Topic: Materials in the 21st Century: Global Innovation vs.
Discovery

About the Lecturer: Dr. Mary L. Good is the Donaghey Univer-
sity Professor at the University of Arkansas, Little Rock and
serves as the managing member for Venture Capital Investors, LLC,
a group of Arkansas Business Leaders who expect to foster growth
in the area through the opportunistic support of technology-based
enterprises. Dr. Good also presently servers on the Board of Biogen,
a successful biotech company in Cambridge, Massachusetts;
IDEXX Laboratories of Westbrook, Maine; and the Lockheed
Martin Energy Research Corporation Board of Oak Ridge, Ten-
nessee.

Beryllium and Beryllium Alloys; Nuclear and
Structural Applications: Beryllium Alloys-
Industrial Applications
Sponsored by:  Jt. ASM-MSCTS/TMS-SMC, Nuclear Materials
Committee
Program Organizers:  Michael F. Stevens, Los Alamos National
Laboratory, MS G755, Los Alamos, NM 87545 USA; David J.
Michel, Naval Research Laboratory, Code 6301, Washington,
DC 20375 USA

Wednesday PM Room: Salon M
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chair:  Robert  Hanrahan, Los Alamos National Lab,
MST-6, Los Alamos, NM 87545 USA

2:00 PM
Near-Net Shape HIPing of Beryllium Powder:  Paul W. Stanek1;
B. Reardon1;  1Los Alamos National Laboratory, Mail Stop G-770,
Los Alamos, NM 87545 USA

The driving forces for near-net shape (NNS) beryllium part pro-
duction will be discussed in the context of economics as well as
ES&H. The production of NNS beryllium parts using hot isostatic
pressing (HIPing) in conjunction with computer modeling and the
advances in these two techniques will also be discussed. The ad-
vances in HIPing involve incorporating the assistance of MATSYS,
Inc. to determine the in situ density changes of the beryllium pow-
der. Furthermore, controlled experiments to determine the impact
of friction between the powder and the steel HIP container on the
final HIPed part will be presented. Computer modeling, in terms of
finite element as well as micromechanical, has proven beneficial to
NNS production. These benefits range from optimizing HIP sched-
ules, to improving HIP can design, to reducing the total number of
HIP experiments necessary to produce a NNS part. The intimate
relationship between experiment and modeling necessary for NNS
part production will be discussed in terms of experimental design
and in novel ways of linking experiments with models.

2:25 PM
Equal Channel Angular Extrusion (ECAE) of Beryllium :  R.
D. Field1; K. Ted Hartwig2; Carl T. Necker1;  1Los Alamos Na-
tional Laboratory, MST-6, Mail Stop G770, Los Alamos, NM
87544 USA; 2Texas A&M University, Dept. of Mech.Eng., Col-
lege Station, TX 77843-3123 USA

The Equal Channel Angular Extrusion (ECAE) technique has been
applied to a P/M source Be alloy. Two passes have been success-
fully completed, using two different processing routes, on Ni canned
billets of Be at 400°C. No cracking was observed in the billets, and
significant grain refinement was achieved. In this presentation,
microstructural features of the extruded billets will be presented,
including fine recrystallized grain structures after heat treatments
up to 800°C. Dislocation structures will be discussed, including
evidence for c+a slip in the as-extruded material found by trans-
mission electron microscopy. Significant crystallographic texture
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has been found to develop during the ECAE process, which will be
discussed in terms of the unique deformation mode of the process.

2:50 PM
Fabrication and Filling of NIF-Sized Beryllium Alloy Cap-
sules:  Robert W. Margevicius1; L. J. Salzer1; A. Nobile1; M. A.
Salazar1; L. R. Foreman1;  1Los Alamos National Laboratory, MS
G770, Los Alamos, NM 87545 USA

Beryllium as the ablator for a hydrogen-filled NIF capsule offers
many advantages. However, fabrication of a hollow beryllium cap-
sule without any processing inhomogeneities (e.g., weld joints or
plugs) remains a technological challenge. One method being pur-
sued is the joining of beryllium hemispheres. Three areas of active
interest are materials fabrication, joining, and filling. Be-Cu alloy
materials were processed by both cast and powder metallurgy
routes. The cast material was typically purer with a large grain
size; the powder metallurgy alloy had a slightly higher oxide con-
tent but its grain size remained small. Based on past efforts, a
modified brazing technique with Cu or Al was used to join the two
halves. The joints were microstructurally undetectable in many
places, however, optimization of this process is expected to pro-
duce better joints still. High resolution x-ray radiography has been
valuable in determining braze-line composition profiles. Filling with
isotopic hydrogen was investigated by two methods. The first
involved diffusion-filling of empty, hollow spheres. Spheres were
joined (as described above) under vacuum. The spheres were then
placed in a high pressure, high temperature deuterium cell. Internal
pressures to 6.7 MPa were obtained by this method. The second
method involved trapping gas in the hollow cavity during the braz-
ing cycle. Technical barriers to this method still need to be over-
come. This talk will present the results from the work involving
material fabrication, hemisphere joining, and hydrogen filling.

3:15 PM
Rapid Net Shape Forming of Spherical Beryllium Powder
into a Complex Shape:  D. E. Dombrowski1; W. J. Haws1;  1Brush-
Wellman Inc., 17876 St. Clair Ave., Cleveland, OH 44110 USA

Rapid Net Shape Forming is an innovative manufacturing process
which can produce intricate net shape products. In the final step of
the process, a metallic powder in a seamless can is consolidated to
full density by Hot Isostatic Pressing (HIP). Application of this
process to beryllium powder made by inert gas atomization will be
described. The process has been successfully demonstrated with a
simple I-beam shaped part and a complex shape used in the aero-
space industry. This work was funded under DARPA cooperative
agreement no. NOOO 14-95-2-0019.

3:40 PM  Break

3:50 PM
Be-Al Arc Welding Process Development for Casting Repair:
Brian J. Smith1;  1Starmet Corporation, 2229 Main St., Concord,
MA 01742 USA

The Beralcast family of Be-Al alloys represents a recently devel-
oped metallurgical alternative to cast Al alloys for many different
applications. Casting repair or re-work processes, such as welding,
have also been developed to increase foundry yields. Welding pre-
sents similar technical challenges as casting because the substrate
metal is melted and re-solidified all along the weld fusion line.
Problems such as solidifications shrinkage, hot-cracking, Al segre-
gation and gas porosity had been encountered in arc welded Beralcast
castings. A process development program was performed to es-
tablish the arc welding process for Beralcast Be-Al castings. The
weld development program evaluated many weld process vari-
ables such as current mode, shielding gas composition and purity,
filler metal composition, machine settings and pre-and post-weld
heat treatments and determined their effect on resultant weld char-
acteristics. All welds were characterized using non-destructive and
destructive testing techniques. A review of weld and HAZ micro-
structures and weld tensile properties will be provided and related
to the weld process settings.

4:15 PM
Sheet Forming Aluminum-Beryllium Alloys:  W. J. Haws1;
1Brush-Wellman Inc., 17876 St. Clair Ave., Cleveland, OH 44110
USA

Processes for hot bending aluminum-beryllium sheet to 90' were
developed. Forming experiments were performed between 4OOoF
and 12OOoF. Optimum forming temperatures were determined
for two gages of cross-rolled AlBeMet (R 162 (62% Be) sheet.
Minimum bend radius ratios for both gages were determined. Smaller
bend radius ratios were obtained compared to previous work on
aluminum-beryllium alloys. Specimens were examined metallo-
graphically to determine if cracking had occurred during bending.
Cracking, when it occurred, was observed to occur both the alumi-
num phase or at the aluminum-beryllium interfaces. Cracking within
the beryllium phase was not observed. This work was funded by
DARPA under Navy contract NOOO 14-96-C-0 1 7 1.

4:40 PM
Producing Ultra Light Weight Aluminum Beryllium Panels
Using the Low Density Core Process:  M. Svilar1; D. S. Shih2; P.
Stanek3;  1Brush-Wellman Inc., 17876 St. Clair Ave., Cleveland,
OH 44110 USA; 2The Boeing Company, Mail Code S1111041,
P.O. Box 516, St. Louis, MO 63166-0516 USA; 3Los Alamos
National Laboratory, MST-6, MS G770, Los Alamos, NM 87545
USA
Ultra Light Weight porous core 38% Al-62% Be alloy sandwich
panels have been produced in the laboratory using Boeing’s pro-
prietary Low-Density-Core (LDC) technology originally devel-
oped for titanium. The expanded core Al-Be panels had a core
porosity exceeding 40 % as measured by volume with the porous
core thickness comprising 60% of the overall sheet thickness. Based
on structural finite element models, these values are expected to
increase the specific stiffness 20 % to a calculated value of ap-
proximately 110 GPa/(g/CM3) compared to the experimentally
determined value 91 GPa/(g/CM3) for standard solid AlBeMet\@
162 sheet. Potential advantages of the LDC AlBeMet 162 panels
are superior specific stiffness in all orientations, and elevated ser-
vice temperature as well as costs benefits from metal working
processing compared to composite lay-up fabrication. This work
was sponsored by DARPA and ONR, contract number NOOO
14-96-C-03 98.

5:05 PM
Plasma Spray-Forming of Beryllium Components:  Richard
G. Castro1; Kendall J. Hollis1; Keith E. Elliott1;  1Los Alamos
National Laboratory, MS G770, Los Alamos, NM 87545 USA

Plasma spray technology has been used extensively for applying
coatings and producing spray-formed components of metals, ce-
ramics, intermetallics and cermets. During the 1960’s and ‘70’s
plasma spray technology was investigated by Union Carbide Speed-
way Laboratories and the Atomic Weapons Establishment for pro-
ducing beryllium spray-formed components for defense related
applications. Most recently, beryllium plasma spray technology
was investigated at Los Alamos National Laboratory for produc-
ing thick (>10mm) beryllium armor tiles for first wall applications
for the International Thermonuclear Experimental Reactor (ITER),
the next generation magnetic fusion energy devices. Information
will be presented on the manufacturing techniques used for pro-
ducing plasma sprayed-formed components of beryllium, and the
mechanical and thermal properties of the deposited materials. Dis-
cussions will also be presented on the potential use of this technol-
ogy for producing spray-formed components of aluminum-beryl-
lium alloys.
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Computational Materials Science at the Micro-
structural Scale: Mesoscale Models for Solidifi-
cation
Sponsored by:  Electronic, Magnetic & Photonic Materials
Division, Chemistry & Physics of Materials Committee,
Computational Materials Science & Engineering, Phase Transfor-
mations Committee
Program Organizers:  Elizabeth Holm, Sandia National
Laboratories, P.O. Box 5800, Albuquerque, NM 87185-0304
USA; Long-Qing Chen, Pennsylvania State University, Materials
Science and Engineering Department, University Park, PA
16802-5005 USA; Mark A. Miodownik, Sandia National
Laboratories, Materials and Process Modeling, Albuquerque,
NM 87185-1411 USA; J. P. Simmons, AFRL-MLLM, Dayton,
OH 45433 USA; Prof. Peter W. Voorhees, Northwestern
University, Department of Materials Science & Engineering,
Evanston, IL 60208

Wednesday PM Room: Caprice 1&4
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chair:  Peter W. Voorhees, Northwestern University,
Dept. of Mats. Sci. & Eng., Evanston, IL 60208-3108 USA

2:00 PM  Invited
Phase-Field Modeling of Solidification Microstructures:  Alain
Serge Karma1;  1Northeastern University, Physics Dept., 360 Hun-
tington Ave., Boston, MA 02115 USA

One of the main present challenge for the phase-field approach is
to cope with the disparity of lengthscales between the atomic scale
capillary length and the microstructural scale, several orders of
magnitude larger. The first part of this talk will present recent
progress made in coping with this difficulty that combines an
improved asymptotic analysis of the phase-field model and a
Monte-Carlo based algorithm for the efficient solution of the large
scale diffusion field. This algorithm offers the same advantage as
adaptive mesh refinement, in that the computational cost scales
like the area of the growing structure rather than the volume, but is
simpler to implement numerically in three dimensions without
significant compromise in accuracy. This approach now makes it
possible to model three-dimensional dendritic growth in a range of
dimensionless undercooling (0.01-0.1) that is directly relevant for
experiments. The second part of this talk will focus on the applica-
tion of the phase-field approach to model the formation of eutectic
colony structures during directional solidification of ternary al-
loys. In this case modeling confirms the prediction of an oscilla-
tory morphological instability, in agreement with recent experi-
ments, but also reveals difficulties in modeling (solid-solid-liquid)
tri-junctions within a phase-field approach and provides new in-
sight into what controls their mobility.

2:40 PM
Computational Simulation of Convection Influenced Solidi-
fication:  Damir Juric1;  1Georgia Institute of Technology, School
of Mech. Eng., Atlanta, GA 30332-0405 USA

A front tracking method is used to directly simulate the solidifica-
tion of pure materials and alloys in the presence of fluid convec-
tion. The method is based on an explicit Lagrangian tracking of the
phase interface and combines the ability to model phase change,
complex interface dynamics, fluid flow, heat and solute transport.
The method allows for fully coupled solid and fluid motion and
shrinkage or expansion upon solidification. The tracked phase
boundary is treated as an imbedded interface through which the
conservation laws are supplemented by the appropriate local in-
terfacial delta function source terms for interphase mass transfer,
latent heat and solute rejection. We use the method to simulate the
growth of dendritic structures of a pure material in a shear flow and

compare the results to those with no flow. The growth of binary
alloy grains in a shear flow and the coupling of the grain motion to
the flow is investigated.

3:00 PM
Phase-Field Simulations of Dendritic Growth with Convec-
tion:  Xinglin Tong1; Christoph Beckermann1; Alain Karma2;  1Uni-
versity of Iowa, Dept. Mech. Eng., 2412 SC, Iowa City, IA 52242
USA; 2Northeastern University, Dept. Physics, 112 Dana Research
Ctr., Boston, MA 02115 USA

A phase-field model is presented for numerically simulating den-
dritic growth in the presence of melt convection. The flow field is
obtained by solving the Navier-Stokes equations modified to ac-
count for the interfacial drag in the diffuse interface region. The
model is validated for several limiting cases involving flow in re-
gions of complex structure. Results are presented for the growth of
a single equiaxed dendrite of pure materials having different surface
tension anisotropies. The dendrite tip operating state selection and
the development of thermal noise-induced sidebranching in the
presence of flow are analyzed in detail.

3:20 PM  Break

3:40 PM  Invited
Direct Numerical Simulation of Dendritic Microstructures :
Jon Dantzig1; N. Provatas1; N. Goldenfeld2;  1University of Illi-
nois, Mech. & Indust. Eng., 1206 W. Green St., Urbana, IL 61801
USA; 2University of Illinois, Dept. of Physics, 1206 W. Green St.,
Urbana, IL 61801 USA

Understanding pattern selection during dendritic solidification is
an important problem for materials scientists and engineers. The
microstructure formed during solidification affects the properties
of the material in service, and cannot be changed readily by subse-
quent solid-state processing. In this talk, we describe recent com-
putations using phase-field models to directly simulate dendritic
growth, in order to relate the microstructural features to the pro-
cessing conditions. In this method, the liquid-solid interface is
modeled as a diffuse region whose thickness is characterized by an
order parameter, known as the phase field. One of the difficulties
encountered when applying the phase field method is the conflict-
ing requirements of high resolution needed to successfully capture
the physical phenomena at the interface, and the simultaneous
need to fully resolve the diffusion field ahead of the advancing
front. We employ an adaptive gridding procedure for solving the
phase field equations, where high resolution is available near the
interface, and more appropriate grid dimensions are used to resolve
the diffusion field. Examples are given for pure, isolated dendrites,
and for directionally solidified alloy dendrites, with comparisons
to experimental observations.

4:20 PM
Obtaining Parameters of the Phase Field Model from Atom-
istic Simulations:  Jeffrey J. Hoyt1; Mark D. Asta1;  1Sandia Na-
tional Laboratories, Computat. Mats. Sci. Dept., MS 9161,
Livermore, CA 94550 USA

The phase field model has been proven to be quite effective in the
numerical modeling of solidification and other phase transforma-
tions. In order to model real alloy systems however, several mate-
rials parameters are required as input to the phase field model and
these parameters are often very difficult to measure experimen-
tally. In this talk it will be shown how molecular dynamics simula-
tions utilizing interatomic potentials derived from the embedded
atom method can provide the necessary phase field parameters.
Specifically, the case of binary solidification will be investigated
where three quantities are required: the diffusion coefficient in the
liquid, the solid-liquid interface velocity as a function of under-
cooling and the solid-liquid interfacial free energy. All parameters
have been computed for Cu and Ni and the interface properties
have been determined as a function of cyrstallographic orientation
for the three low index directions 100, 110 and 111.
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4:40 PM
Modeling of Primary Dendrite Arm Spacings in Al-Si-Mg
Tenary Alloys:  Qingyou Han1; Srinath Viswanathan1;  1Oak Ridge
National Laboratory, Metals and Ceramics, Bldg. 4508, MS 6083,
Oak Ridge, TN 37831 USA

A finite difference model for the growth of a cellular and dendritic
array in multi-component alloys has been used to predict the pri-
mary dendrite arm spacings in Al-Si-Mg alloys. The primary spac-
ing selection mechanism is considered and treated in the model.
Thermodynamic calculations have been carried out to obtain data
on liquidus slopes and solute distribution coefficients in Al-Si-Mg
alloys. The data are used in the model to predict primary dendrite
spacing. Comparison of the theoretical predictions with experi-
ments shows good agreement. The model is then used to discuss
the effect of temperature gradient and growth velocity on primary
dendrite arm spacings. Simple analytical equations for primary
dendrite arm spacing as a function of temperature gradient and
growth velocity are developed.

5:00 PM
Asymptotic Analysis of Particle Engulfment:  Layachi Hadji1;
1University of Alabama, Math. Dept., Box 870350, 345 Gordon
Palmer Hall, Tuscaloosa, AL 35487-0350 USA

An asymptotic analysis is conducted on the interaction between
an insoluble spherical particle and an advancing solid-liquid inter-
face when the particle is in the near-contact region, i.e. gap thick-
ness is much smaller than the particle’s radius. The analysis con-
siders only thermal effects in a pure substance. The interface equi-
librium temperature includes the undercooling effects due to the
front curvature and to the long-range intermolecular forces in the
thin melt film behind the particle. The small gap analysis allows
the determination of the crystal-melt shape near the particle from
which the minimum gap thickness is obtained. The latter is then
used to calculate the forces that act on the particle under steady-
state conditions. These forces consist of the viscous drag force,
which opposes the movement of the particle, and the Van der
Waals force which pushes the particle away from the front. A force
balance then yields an expression for the growth rate which sepa-
rates pushing from engulfment. This expression depicts explicitely
the dependence of the threshold velocity on the physical param-
eters.

General Abstract Sessions: High Temperature
Behavior II
Sponsored by:  TMS
Program Organizers:  James C. Earthman, University of
California, Department of Chemical Engineering & Materials
Science, Irvine, CA 92717-2535 USA; Richard Wright, Idaho
National Engineering Laboratory, P.O. Box 1625 MS 2218, Idaho
Falls, ID 83415-2218 USA

Wednesday PM Room: Salon D&E
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  Michael J. Mills, Ohio State University,
Department of Materials Science & Engineering, Columbus, OH
43210 USA; Carl Boehlert, John Hopkins University, Dept. of
Mech. Eng., Baltimore, MD 21218 USA

2:00 PM
The Effect of Trace Levels of Nickel on Creep Behavior of Ti-
6Al-2Sn-4Zr-2Mo:  Robert Walter Hayes1; Gobal Viswanathan2;

Michael Mills2;  1Metals Technology Inc., Northridge, CA 91324
USA; 2Ohio State University, Columbus, OH 43210 USA

The effect of trace levels of Ni on the high temperature creep
behavior of the alloy Ti-6Al-2Sn-4Zr-2Mo has been investigated
over the temperature range 510 to 565°C at stress levels ranging
from 172 to 413 MPa. Material containing high and low levels of
Ni were heat treated in order to produce a lath type microstructure.
Although the intent was to produce identical microstructures, ac-
tual results reveal that the microstructures differ somewhat be-
tween the high and low Ni material. The creep results indicate that
increased levels of Ni lead to increased minimum creep rates and
this arguement is strengthened by the fact that although the high Ni
material posseses a more creep resistant microstructure, the creep
rates are higher at identical temperatures and stress levels relative
to the low Ni material. The creep stress exponents obtained for
both materials suggest a dislocation creep mechanism and are in
good agreement with a recently proposed modified jogged-screw
model for creep of gamma TiAl. The apparent activation energy
for creep decreases with increasing trace levels of Ni, consistent
with intrinsic self-diffusion values recently reported for alpha tita-
nium. These results will be discussed in the framework of the
modified jogged-screw model for creep. Detailed microstructural
analysis will be presented in a companion paper.

2:20 PM
A Study on Creep Deformation Structures in a Ti-6Al-2Sn-
4Zr-2Mo Alloy :  Gopal Babu Viswanathan1; Robert W. Hayes2;
Michael J. Mills1;  1Ohio State University, 477 Watts Hall, 2041
College Rd., Columbus, OH USA; 2Metals Technology, 19801
Nordhoff St., Northridge, CA 91324 USA

In a companion talk, the high temperature creep behavior of a Ti-
6Al-2Sn-4Zr-2Mo (T-6242) alloy having a lath microstructure
with trace amounts of Ni is discussed. There, it was shown that
increased amounts of Ni increased the minimum creep rates over
the temperature range 510-565°C in the applied stress levels rang-
ing from 170-410 MPa. In addition to the increased minimum creep
rates, the activation energy values were found to decrease with
increased Ni content. In this study, the dislocation structures after
the creep deformation have been analyzed. Preliminary analysis
reveal that the dislocation density is relatively very high in the
alpha phase compared to that of the beta phase, suggesting that the
creep deformation is dominated by the a-phase. a-<11-20> type
prism slip dominates the deformation in the a phase, though a-
<11-20> pyramidal slip has been observed in those grains favor-
ably oriented towards the stress axis. The a-<11-20> type disloca-
tions however are mostly aligned in screw orientation and seem
jogged along screw segments. Detailed analysis of these disloca-
tions and other microstructural features along with possible creep
mechanism that might be operative in these alloys will be pre-
sented.

2:40 PM
Study of the Effect of SRO on the Mechanical Behavior of
Ti6wt%Al :  T. Neeraj1; J. L. Robertson2; G. B. Viswanathan1; M.
J. Mills1;  1Ohio State University, 477 Watts Hall, 2041 College
Rd., Columbus, OH 43201 USA; 2Oak Ridge National Laboratory,
1 Bethel Valley Rd., Building 7962 MS 6393, Oak Ridge, TN
37831-6393 USA

Titanium alloys are used extensively as a structural material be-
cause of its high strength to weight ratio. However, these materials
creep extensively at room temperature at stress levels far below
the yield strength. Recently, it has been shown that the reason for
this behavior is the low work hardening exponent exhibited by
titanium alloys. The alpha phase of commercial titanium alloys
deform in a planar fashion leading to low work hardening in the
material. It has been suggested in the literature that short range
ordering (SRO) of Ti and Al atoms promote planar slip within the
alpha phase of titanium alloys. In this study, a single phase Ti-
6wt% Al alloy has been chosen to study the alpha phase behavior.
The SRO in the alloy has been characterized using neutron diffrac-
tion after various heat treatments. This was followed by mechani-
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cal testing under both creep and constant strain rate conditions.
The resulting dislocation microstructures have been characterized
using transmission electron microscopy.

3:00 PM
Creep Behavior of Nb-11Al-41Ti-1.5Mo-1.5Cr:  Robert Walter
Hayes1; Wole Soboyejo2;  1Metals Technology Inc., 19801 Nordhoff
St., Northridge, CA 91324 USA; 2Ohio State University, Dept. of
Mats. Sci. and Eng., Columbus, OH 43210 USA

The high temperature creep behavior of the Nb-based intermetallic
alloy Nb-11Al-41Ti-1.5Mo-1.5Cr (at. pct.) has been investigated
over the temperature range 650 to 760°C at stress levels ranging
from 69.4 to 275.7 MPa. The material was forged and direct aged at
750°C for 25 hours. The microstructure of this alloy consists of a
fine mixture of orthorhombic and ordered beta phase (B2) with the
orthorhombic as the predominant phase. Creep specimens were
obtained in the longitudinal and transverse orientations. The ap-
parent activation energy for creep as well as the creep stress expo-
nents were measured in both orientations. The apparent creep
activation energies and stress exponents differ between the two
orientations indicating an orientation dependence of the creep be-
havior under the present experimental conditions. The discussion
of the results will provide some suggestions for the observed creep
behavior. Ideas for further research on this important class of ma-
terials will also be presented.

3:20 PM
Dislocation Processes and Deformation Behavior in Polycrys-
talline Fe-Ni-Al Intermetallics :  Paul R. Brenner1; M. F. Sav-
age1; M. J. Mills1; R. D. Noebe2;  1Ohio State University, Mats.
Sci. & Eng., 2041 College Rd., Columbus, OH 43210 USA; 2NASA
Lewis Research Center, Cleveland, OH USA

Study of the ternary Fe-Ni-Al system accomplishes further devel-
opment of alternative high temperature, high performance alloys
while expanding our understanding of the effects of large solute
additions on the slip behavior and mechanical response of an or-
dered system. A study of deformation behavior over a range of
temperatures up to 1000 C will be coupled with an analysis of slip
and dislocation mechanisms. FeAl and NiAl systems exhibit ex-
tremes in behavior which could be complementary for high tem-
perature, high performance applications. Alloys of the FeAl sys-
tem exhibit relatively low intrinsic strengths and moderate ductil-
ity at room temperature whereas the NiAl system exhibits high
intrinsic strengths and little ductility at room temperature. The
ternary Fe-Ni-Al system enables systematic study of the behavior
of the isomorphous B2 ordered structure. The system exhibits a
pseudo-binary regime for Al compositions below 50 at%, enabling
a study of alloys varying the content of Fe and Ni while Al content
is held at 40 at%. This characteristic of the Fe-Ni-Al ternary sys-
tem offers a unique opportunity to explore the effects of large
solute additions on slip behavior and dislocation mechanisms such
as previously observed slip transitions from a<111> type slip to
a<010> slip which occurs on the iron-rich side of the phase field.

3:40 PM  Break

3:50 PM
Selected Observations and Analysis for Diffusion in the Fe-
Ni-Al System at 1000°C:  Yong-Ho Sohn2; Mysore A.
Dayananda1;  1Purdue University, School of Mats. Eng., 1289
MSEE Bldg., West Lafayette, IN 47907-1289 USA; 2University
of Connecticut, Dept. of Metall. and Mats. Eng., 97 North Eagleville
Rd., Storrs, CT 06040 USA

Isothermal multiphase diffusion in the Fe-Ni-Al system at 1000°C
was experimentally investigated by using solid-solid diffusion
couples assembled with beta(B2), beta’(bcc), gamma(fcc) and
(beta+gamma) alloys. The couples were examined for diffusion
structures by optical microscopy and scanning electron micros-
copy and analyzed for concentration profiles and diffusion paths
by electron microprobe analysis. Unusual diffusion structures and
diffusion paths were observed for couples with terminal alloys in
the vicinity of the miscibility gap between the beta and beta’

phases; relative extrema in concentration profiles and development
of zero-flux planes were frequently encountered. Ternary interdif-
fusion coefficients were calculated on the basis of the Boltzmann-
Matano analysis over a wide range of compositions in the beta and
beta’ phase regions; ternary intrinsic diffusion coefficients were
also determined on the basis of marker motion studies. In addition,
average ternary interdiffusion coefficients were evaluated over se-
lected composition ranges from single diffusion couples. These
results will be presented and discussed to assess the relative diffu-
sion behavior of the components, the ternary diffusional interac-
tions, and the development of diffusion paths and diffusion struc-
tures in the Fe-Ni-Al system. This research carried out at Purdue
University was supported by Argonne National laboratory.

4:10 PM
Formation of Ternary Phases to Inhibit Stress Corrosion
Cracking in Al-Mg-Mn Alloys :  Mark C. Carroll1; P. I. Gouma1;
M. J. Mills1; G. S. Daehn1; Brady R. Dunbar2;  1The Ohio State
University, Mats. Sci. and Eng., 477 Watts Hall, 2041 College Rd.,
Columbus, OH 43210 USA; 2Century Aluminum Corporation,
P.O. Box 98, Ravenswood, WV USA

The versatility and low cost of aluminum alloys of the Al-Mg-Mn
5000 series have made them ideal in a wide range of applications
where a balance is required between strength, corrosion resistance,
and cost. Alloys such as 5083, 5086 and 5456, which contain
magnesium in levels above the room temperature saturation limit,
still maintain a great deal of popularity although stress corrosion
cracking (SCC) concerns exist in these and other high-Mg (above
3.5 wt%) alloys due to precipitation of the Al-Mg beta phase
(Al8Mg5) at grain boundaries. Additions of minor amounts of
elements such as zinc and copper to these high-Mg systems have
been shown to precipitate along with Mg as ternary Al-Mg-X
phases. The characteristics of these phases will differ from that of
the binary Al-Mg beta-phase precipitates, both in structure and in
the corrosion mechanisms by which they interact with the matrix
or the precipitate-free zones (PFZs) which border grain bound-
aries. An evaluation of the characteristics of high-Mg materials
alloyed with these elements, clarified through transmission elec-
tron microscopy (TEM), will be addressed. The physical struc-
ture of these phases along with the potential ramifications on the
overall corrosion properties of the alloys which contain them will
be discussed.

General Abstract Sessions: Advances in Pro-
cessing and Heat Treatment III
Sponsored by:  TMS
Program Organizers:  James C. Earthman, University of
California, Department of Chemical Engineering & Materials
Science, Irvine, CA 92717-2535 USA; Richard Wright, Idaho
National Engineering Lab., PO Box 1625 MS 2218, Idaho Falls,
ID 83415-2218 USA

Wednesday PM Room: Salon F&G
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chair:  Thomas R. Bieler, Michigan State University,
East Lansing, MI 48824-1226 USA

2:00 PM
Effects of Minor Alloying Additions in As-Cast FeAl-Based
Materials Revealed through Differential Scanning Calorim-
etry (DSC) And Optical Microscopy:  Aszetta Denise Jordan1;
Oswald N.C. Uwakweh2; Phil J. Maziasz3;  1University Of Cin-
cinnati, 5990 N. Pete Dawson Rd., Tucson, AZ 85704 USA; 2Uni-
versity Of Cincinnati, Mats. Sci. and Eng., 498 Rhodes Hall, Cin-
cinnati, OH 45221-0012 USA; 3Oak Ridge National Laboratory,
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Metals and Ceramics, P.O. Box 2008, Bldg. 4500 S MS6115, Oak
Ridge, TN 37831-6115 USA

Several as-cast FeAl-based materials with minor additions of Mo,
Zr, C and B elements were studied using Differential Scanning
Calorimetry (DSC) and optical microscopy. Through DSC mea-
surements, the materials in their as-cast condition were found to
exhibit a metastable transition below 850°C which could subse-
quently be eliminated through annealing. It is proposed that the
metastable transition is attributed to a processing-induced phe-
nomena which results via compositional inhomogeneity during
cooling of the cast material or from artifacts introduced during
sample preparation prior to DSC measurements. Optical micros-
copy of the cast material revealed that minor elemental additions
significantly influence or alter the microstructure producing grain
structures ranging from equiaxed to dendritic type growths.

2:20 PM
Axi-Symmetric Filling Model of a Wheel Mold:  Melissa I.
Bloch1; Daniel P. Cook2; Armand J. Beaudoin1; Jon A. Dantzig1;
1University of Illinois, Mech. and Indust. Eng., 1206 W. Green St.,
Urbana, IL 61801 USA; 2Reynolds Metals Company, Corp. Rsrch.
and Dev., Corp. Tech. Ctr., 13203 N. Enon Church Rd., Chester,
VA 23831 USA

Low pressure die casting is an important process for the manufac-
turing of automotive parts. Lower filling rates reduce melt atomi-
zation found in conventional die casting, but other defects which
lead to the production of scrap material can still occur. These
include cold folds, misruns and other defects associated with the
filling process. In this work, we model the filling process during
low pressure die casting of automotive wheels. We compare our
computational results with in-plant observations, and identify
mechanisms for defect formation and remediation.

2:40 PM
Recovery of Some Indispensible Values from Welding Elec-
trode Mantling Scrape:  Suzan S. Ibrahim1; Alber A. Sadek2;
1Central Metallurgical Research and Development Institute, Min-
eral Processing; 2Central Metallurgical Research and Development
Institute, Welding Tech. Dept.

Undoubtedly the most widely used arc-welding process is the
manual metal arc welding (MMAW). It is possible to weld a vari-
ety of metals with the same equipment simply by changing the
electrode type. The main reason for using a flux covering in MMAW
is to protect the molten metal from atmospheric contamination. At
the same time, the flux fulfills a number of functions, all of which
contribute to the success of the welding operation. However, dur-
ing fabrication of flux covered electrodes, the residual flux forms a
considerable problem. Depending on its storage condition, produc-
tion schedule, grain size and etc., some companies reused the re-
sidual flux within the range of 5 to 10% of the lump sum of the
total charge. However, this process is inadequate. Thus, two typi-
cal grape welding electrode covering flux (scrap samples, coded A
& B) were supplied from a national welding electrode manufactur-
ing company, to recover their valuable containing materials. Miner-
alogical and chemical investigation showed that 56.4% and 89.72%
by weight of the scrap samples contained valuable constituents of
various forms of iron, manganese and titanium minerals. They
were found in appreciable amounts, reaching 16.24%, 6.69% Fe2O3,
4.5%, 3.88% MnO2 and 13.43%, 33.79% TiO2 in the two samples
respectively. Aggresive attention was conducted, at appropriate
conditions to librate the metallic scrap constitutes from the bind-
ers, soft material which is shown to be bentonite in the first sample
(A) and cellulosic binder in the second one (B). Hydrocyclon clas-
sification was carried out to reject the binding material found below
35 mm. Tabling technique was conducted to remove light silica
sands. Magnetic separation was finally employed to separate the
metallic values from each other depending on their variation in
their magnetic properties. The studies showed the amenability of
the welding scrap wastes to be recovered into valuables especially
ilmenite, leucoxene and rutile by simple physical separation tech-
niques.

3:00 PM
Deposition and Properties of Non-Equilibrium Thin Films by
Sputtering:  Jinn P. Chu1; W. C. Luu1; J. K. Wu1; S. J. Lee1; C. W.
Chang1;  1National Taiwan Ocean University, Instit. of Mats. Eng.,
No. 2 Pei-Ning Rd., Keelung 20224 Taiwan

Physical vapor deposition techniques such as sputtering can be
characterized by film growth far from equilibrium due to the rate of
arrival of material at the growing surface and the short accommoda-
tion time of the atoms at the film/vapor interface. Due to the
growth dynamics occurring during deposition the quenching rate of
atoms from the vapor phase at the film surface can approach 1015

K/sec. As a result of non-equilibrium processing conditions, unique
thin film material compositions, microstructures and properties
are possible. Examples of non-equilibrium thin films fabricated by
sputter deposition in our laboratory, including A-15 Cr, Cu-C and
Cu-Mo alloy films, will be presented. The influence of processing
condition on the crystallinity, microstructure, properties and el-
evated temperature characteristics of the films will be discussed.

3:20 PM
Recent Developments in the Debate about the Formation
Mechanism of Precipitate Plates:  Hubert I. Aaronson1; B. C.
Muddle2; J. F. Nie2;  1Monash University, Dept. of Matls. Eng.,
Clayton Vic.3168 Australia; 2Carnegie Mellon University, Dept.
of Matls. Sci. and Eng., Pittsburgh, PA 15213 USA

Although this debate developed ca. 1930, significant progress to-
ward closure has been made only recently. Cahn (1994) carefully
defined the conditions under which a lattice correspondence can be
maintained during diffusional growth. Muddle, Nie and Hugo (1994)
demonstrated that accurate fulfillment of the surface relief and
crystallographic specifications of the phenomenological theory of
martensite crystallography (PTMC) can obtain for plates differing
continuously in composition from their matrix throughout the
growth process in substitutional alloys. Recently, Christian (1997)
accepted that an IPS surface relief and quantitative applicability of
the PTMC cannot uniquely identify the growth mechanism as
martensitic. Christian also asked why the PTMC is applicable to
transformations not requiring a glissile interfacial structure. By
comparison with results from model transformations, it is shown
here that the PTMC also applies to sessile structures. Only invari-
ant plane broad faces are required. Lateral migration of growth
ledges can then simulate the geometry (though notthe mechanism)
of martensitic growth.

General Abstract Sessions: Microstructure and
Mechanical Properties II
Sponsored by:  TMS
Program Organizers:  James C. Earthman, University of
California, Department of Chemical Engineering & Materials
Science, Irvine, CA 92717-2535 USA; Richard Wright, Idaho
National Engineering Laboratory, P.O. Box 1625 MS 2218, Idaho
Falls, ID 83415-2218 USA

Wednesday PM Room: Salon B&C
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chair:  Yue Hui He, University of Tennessee, Dept. of
Mats. Sci. and Eng., Knoxville, TN 37996-2200 USA

2:00 PM
Three-Dimensional Visualization and Analysis of Microstruc-
ture:  George Spanos1; Robert O. Rosenberg1; Milo V. Kral2;  1Na-
val Research Laboratory, Code 6324, 4555 Overlook Ave. S.W.,
Washington, DC 20375-5000 USA; 2University of Canterbury,
Dept. of Mech. Eng., Private Bag 4800, Christchurch, New Zealand
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Three-dimensional (3-D) visualization and/or virtual reality tech-
niques are commonly used in many fields including (but not limited
to) medical research and applications, computational chemistry,
military applications, and the entertainment industry. The huge
strides made in the last decade in computer hardware and software
have made 3-D visualization an incredibly powerful research tool,
yet the materials research community has not taken full advantage
of these capabilities. In particular, despite the importance of un-
derstanding the true 3-D morphology, distribution, and
interconnectivity of solid-state precipitates and grains in opaque
bulk materials, microstructural characterization is usually accom-
plished by methods that enable only two-dimensional (2-D) ob-
servations. For instance, conventional optical and scanning elec-
tron microscopy (SEM) techniques are typically restricted to ob-
servations of 2-D planes of polish, while transmission electron
microscopy (TEM) is limited to thin foils (approximately 100 nm)
of material. This talk will review experimental and computer tech-
niques that we have employed to reconstruct, visualize, and ana-
lyze the true 3-D nature of microstructures. This will include de-
scriptions of: (1) serial sectioning and image acquisition methods,
(2) image enhancement and quantification techniques, and (3) a
variety of computer hardware systems and software algorithms,
including a virtual reality “cave” environment.

2:20 PM
Nickel Titanium Shape Memory Alloy Reinforced Alumi-
num Composites: Glen Andrew Porter1; Peter Kevin Liaw1; Terry
Tiegs2;  3K. Wu; 1University of Tennessee, Knoxville, Dept. of
Mat. Sci., Knoxville, TN 37996 USA; 2Oak Ridge National Labo-
ratory, Metal & Cera. Div.; 3Florida Int. University, Miami, FL
33714 USA

A shape memory alloy (NiTi) has been distributed throughout an
aluminum matrix, using powder metallurgy processing, in the hopes
of using the shape memory effect to achieve strengthening in the
aluminum matrix. In order to accomplish this, the NiTi powder
must first be reduced in size to enhance interfacial bonding and
composite deformation characteristics. This is done through a te-
dious and time-consuming mechanical milling process. Since this
process alters the phase of the NiTi, it must be followed with an
annealing process to restore the shape memory effect. Also, since
the shape memory effect is so strongly dependent on the composi-
tion of the NiTi, the powder must also be treated with a coating in
order to resist diffusion of the matrix during pressing. An oxide
coating has been investigated with moderate success. The process
of hot pressing also lends difficulty because the time at elevated
pressures and temperatures result in further diffusion which de-
stroys the delicate shape memory effect. However, without a suf-
ficient pressure and temperature in hot pressing, a good density
cannot be achieved. Internal voids due to a poor density may
become sites for crack initiation upon loading, thus weakening the
material. The shape memory effect is activated by cold rolling the
samples at-50 C. This will not only deform the matrix, but also
each NiTi particle within the matrix. (The aluminum is softer than
the NiTi austenite phase, but harder than the martensite phase.)
Upon reheating to the austenite phase, the NiTi will return to its
original shape, (within 8-9% of deformation) while embedded in
the aluminum matrix which has a much lesser degree of strain. This
will create residual, internal stresses around each particle which
will strengthen the material in a similar fashion as thermal stresses
strengthen a ceramic/metal matrix composite upon cooling from
manufacture. It is theoretically possible to have a 30% increase in
yield strength in the material, due to localized stresses in the matrix
created by the shape memory effect of the embedded NiTi par-
ticles. The presence of the shape memory effect will be detected
through digital scanning calorimetry (DSC). The presence of re-
sidual localized stresses in the matrix will be determined by X-ray
diffraction (XRD) techniques. The mechanical characterization will
be conducted with a new MTS high cycle fatigue test frame. The
modes of crack growth as well as the cross-sectional microstruc-
tures of the composites will be examined by scanning electron
microscopy (SEM). The SEM is equipped with an energy-disper-

sive spectrometer (EDS), which will allow us to distinguish the
extent of diffusion between the particles and matrix.

2:40 PM
High Frequency Fatigue Crack Propagation in Ni Superal-
loys: Walter W. Milligan1; Santo A. Padula1; Amit Shyam1; David
L. Davidson2; 1Michigan Tech University, Metallu. Dept., 1400
Townsend Dr., Houghton, MI 49931 USA; 2Southwest Research
Institute, P.O. Box 28510, San Antonio, TX 78228 USA

Fatigue crack propagation experiments were performed at frequen-
cies up to 1,000 Hz on polycrystalline and single crystalline nickel-
base superalloys. Tests were conducted at room temperature and
650°C. Thresholds and FCP rates were determined as a function of
frequency, temperature, load ratio, and microstructure. In situ ex-
periments conducted at 2 kHz in an SEM loading stage will also be
described.

3:00 PM
Load Transfer at Imperfect Interfaces-Dislocation-Like Model:
H. Y. (Sean) Yu1; Y. N. Wei2; Fu-Pen Chiang2; 1Naval Research
Laboratory, Multifunctional Mats. Branch., Washington, DC 20375
USA; 2State University of New York at Stony Brook, Dept. of
Mech. Eng., Stony Brook, NY 11794 USA

A dislocation-like model that described the boundary conditions of
an imperfect interface is verified experimentally. The boundary
conditions to be modeled are that the radial and the tangential
tractions are continuous across the interface and the displacements
may be discontinuous from one solid to another. The discontinuity
of displacement across the interface is assumed linearly propor-
tional to the displacement at the interface of the constituent where
the stress source is. The effect of the imperfect interface on the
load transfer is studied by photoelastically measuring the elastic
deformation in bimaterials due to an inclusion with pure dilata-
tional eigenstrain. The maximum shear stress distributions mea-
sured from the isochromatic fringe patterns are in good agreement
with the theoretical calculations. The results show that an imper-
fect interface could be viewed as a continuum entity with interface
rigidities as proposed by the dislocation-like model.

3:20 PM Break

3:30 PM
Impact Damage and Residual Stress Effects on a Threshold-
Based Model of Fatigue Behavior of Gamma TiAl: Ryan M.
Smith1; Elen G. Koharian1; Trevor S. Harding1; J. Wayne Jones1;
1University of Michigan, Mats. Sci. and Eng., 2300 Hayward St.,
Ann Arbor, MI 48109-2136 USA

Recently, gamma titanium aluminides have received significant at-
tention as potential materials in aerospace applications such as
turbine blades. Their high specific strength and stiffness and com-
paratively low density point to potential weight savings when
compared to current materials. However, titanium aluminides ex-
hibit relatively low ductility and limited fatigue crack growth resis-
tance which results in reduced damage tolerance. This situation is
exacerbated when foreign object damage eliminates the fatigue crack
initiation lifetime. These conditions necessitate a threshold-based
design approach to fatigue of g-TiAl. The current study explores
impact damage geometry and the potential role of residual stress
on a threshold-based model of fatigue behavior in two g-TiAl al-
loys: a duplex Ti-47.9Al-2.0Cr-1.9Nb (at%) alloy and a lamellar
Ti-47.3Al-2.2Nb-0.5Mn-0.4W-0.4Mo-0.23Si (at%) alloy. Crack
shapes are quantified through optical micrographs of the heat-
tinted fracture surface and confirmed with SEM micrographs of
the fracture surface morphology. Results show that surface crack
measurements exaggerate the extent of internal damage and that
cracks tend to form as corner cracks except at more severe impact
levels. The extent of plastic deformation as the damage site is
estimated by microhardness measurements around the impact site.
The potential effects on fatigue lifetime of residual stresses arising
from this deformation are compared through fatigue-testing of speci-
mens with and without a post-impact annealing. The deformation
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field is strongly geometry dependent and its fatigue effects are
most significant in severely impacted specimens.

3:50 PM
IR Thermography: A New Technique to Study Cyclic Fatigue:
Hsin Wang1; Liang Jiang2; Peter K. Liaw2; Charlie R. Brooks2;
Dwaine L. Klarstrom3; Rodger Seely3; 1Oak Ridge National Labo-
ratory, High Temp. Mats. Lab., Oak Ridge, TN 37831 USA; 2Uni-
versity of Tennessee Knoxville, Dept. of Mats. Sci. and Eng., 323
Dougherty Eng. Bldg., Knoxville, TN 37996 USA; 3Haynes Inter-
national Inc., Kokomo, IN 46904 USA

Infrared (IR) imaging has been used to monitor temperature changes
during high-cycle fatigue tests of cobalt and nickel-based superal-
loys. Although a temperature gradient along the specimen always
exists during the test, three distinct regions have been found in the
temperature vs. the number of cycles plot. A temperature rise in
the first region is associated with internal friction and defect forma-
tion in the materials. The second region is a thermal equilibrium
stage between the sample and the testing system. In the third
region, a rapid temperature rise starts several thousands cycles
before the final rupture. Using the image analysis software, the
crack causing final failure can be clearly identified as a hot spot/
area. Thermoelastic effect was also observed using high-speed IR
imaging. This technique is being used as a new tool to study fatigue
behavior of metals and ceramics. This work is supported by the
National Science Foundation under Grant No. DMI-9724476,
Haynes International, Inc., and by the U.S. DOE, Assistant Secre-
tary for Energy Efficiency and Renewable Energy, Office of Trans-
portation Technologies, as part of the HTML User Program under
contract DE-AC05-96OR22464, managed by Lockheed Martin
Energy Research Corporation.

4:10 PM
The Evaluation of Effect of Yield Stress on Delayed Hydride
Cracking in Zr-2.5Nb Alloys: In Sup Kim1; Je Yong Oh1; 1Korea
Advanced Institute of Science and Technology, Dept. Nuclear Eng.,
Yusong-gu, Kusong-dong 373-1, Taejon 305-701 South Korea

The delayed hydride cracking (DHC) in pressure tubes of a CANDU
reactor is caused by diffusion of hydrogen atoms and reprecipitation
of hydride under stress. However it is hard to quantitatively evalu-
ate the factors that affect the DHC because they are related to each
other. Yield stress, one of the major parameters, is varied by tem-
perature, heat-treatment, irradiation, and texture. It was, therefore,
difficult to compare DHC velocity at one temperature and yield
stress to those in other conditions. In this paper, DHC velocity
was normalized and the relation between yield stress and DHC
velocity was represented in one master curve. The equation from
the master curve could explain the difference between theoretical
activation energy and experimental activation energy in DHC. The
difference was found to result mainly from decreasing yield stress
with temperature.

Hydrogen Effects on Materials Behavior: Crack
Growth Susceptibility
Sponsored by: Structural Materials Division; ASM International:
Materials, Science, Critical Technology Section; Corrosion and
Environmental Effects Committee
Program Organizers: Neville R. Moody, Sandia National
Laboratories, Livermore, CA 94551-0969 USA; Russell H.
Jones, Pacific Northwest National Laboratory, Richland, WA
99352 USA; A. W. Thompson, Lawrence Berkeley National
Laboratory, Berkeley, CA 94720 USA

Wednesday PM Room: Salon H&I
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs: Anthony W. Thompson, Lawrence Berkeley
Laboratory, Berkeley, CA 94720 USA; Daniel Eliezer, Ben-
Gurion University of the Negev, Beer-Sheva, Israel

2:00 PM
Effects of Mixed Mode I/III Loading on Environment-Induced
Cracking: Russell H. Jones1; Huaxin Li2; J. P. Hirth3; 1Pacific
Northwest National Laboratory, Mats. Dept., P.O. Box 999, MSIN
P8-15, Richland, WA 99352 USA; 2Energizer Company, Cleve-
land, OH 44101 USA; 3Washington State University, Mech. and
Mats. Dept., Pullman, WA 99164-2920 USA

Many materials that exhibit ductile, tough behavior during conven-
tional Mode I testing exhibit reduced toughness when loaded with
combinations of Mode I and III. A minimum in the energy for crack
initiation and stable crack growth has been demonstrated for duc-
tile metals with mixed mode loading with crack planes at angles
between 40 to 60 degrees relative to Mode I loading. Internal hy-
drogen further reduces these energies in a ferritic/martensitic steel
with the effect being relatively equal in pure Mode I and mixed
mode loading conditions. Hydrogen effects can rationalize a num-
ber of observations of Mode I crack growth rates being faster than
Mode III rates for environment-induced cracking. Where hydrogen
is clearly not a factor, such as brass in ammoniacal solutions, cracks
loaded in Mode I and III grow at similar rates. This research was
funded by the Division of Materials Sciences of the Offices of
Basic Energy Sciences of the U.S. Department of Energy

2:20 PM
Mechanisms for Fatigue Crack Growth in 7075-T6 Alumi-
num Alloy: Evan J. Dolley1; Robert P. Wei1; 1Lehigh University,
Mech. Eng. and Mech., Sinclair Lab., 7 Asa Dr., Bethlehem, PA
18015 USA

Environmentally enhanced fatigue crack growth (or corrosion fa-
tigue) in aluminum alloys has been attributed to hydrogen
embrittlement (HE). In this paper, experimental evidence on corro-
sion fatigue crack growth (CFCG) in a 7075-T6 aluminum alloy, in
dry air and 0.5M NaCl solutions (with different concentrations of
dissolved oxygen), is presented in support of the HE mechanism.
CFCG in the NaCl solutions may be separated into two regimes: a
long-crack regime and a chemically short-crack regime. In the long-
crack regime, CFCG rates are about 10X that in a dry environment.
In the chemically short-crack regime, the growth rates are further
increased by a factor of two and gradually decrease to the steady
state growth rates of the long-crack regime; the additional increase
is associated with dissolved oxygen in the solutions. Changes in
the micromechanism for crack growth were observed between dry
air to the NaCl solutions. Further changes were noted between the
chemically short and long-crack regimes. Crack growth in dry air
was predominantly transgranular, and etch-pit analyses showed
that it occurred along the {100} crystallographic planes. Cracking
in the NaCl solutions was also transgranular, but occurred along
{100} and {110} planes. The fractional area of the {110} facets,
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however, tended to be higher at the shorter crack lengths in the
chemically short crack regime, and is correlated with the increased
CFCG rates in the aerated solutions. The cracking response is
discussed in terms of influence of oxygen on hydrogen production,
and on the influence of hydrogen on the micromechanism and ki-
netics of crack growth. A superposition model is used to predict
FCG rates in terms of the fractional area of the {110} fracture.
This research is supported by the Air Force Office of Scientific
Research under Grant F49620-1-98-0198 and by the Federal Avia-
tion Administration under Grant 92-G-0006.

2:40 PM
Hydrogen Effects on the Fracture Toughness Properties of
Austenitic Stainless Steel Weldments: Michael J. Morgan1;
Scott L. West1; Michael H. Tosten1; Glenn K. Chapman1;
1Westinghouse Savannah River Company, Savannhah River Tech.
Ctr., Aiken, SC 29808-0001 USA

In this study, the effects of weld ferrite content on the fracture
toughness properties of hydrogen-exposed Types 304L and 21-6-
9 stainless steel weldments were investigated. Fracture toughness
samples were cut from weldments that were made with specific
ferrite contents ranging from 4 to 33% by using automatic gas
tungsten arc welding and different filler wires. J-integral fracture
toughness properties were measured at room temperature before
and after exposure to hydrogen gas at 623 K and 69 MPa. For
welds with up to 8% ferrite, the microstructure consisted of dis-
continuous skeletal ferrite present in a predominant austenite ma-
trix. For welds containing more than 20% ferrite, the microstruc-
ture consisted of nearly continuous skeletal/acicular/cell-like fer-
rite present in a plate-like and globular austenite matrix. At low
levels, ferrite had a beneficial effect on fracture toughness.
Weldments containing discontinuous skeletal ferrite had fracture
toughness properties two to three times higher than as-forged stain-
less steels. On the other hand, ferrite had a detrimental effect on
the fracture toughness of hydrogen-exposed weldments. Weldments
exposed to hydrogen had lower fracture toughness values and dif-
ferent fracture modes than unexposed weldments and similarly
exposed as-forged steels. In weldments with discontinuous ferrite,
hydrogen caused fractured along austenite-ferrite interfaces whereas
in weldments with continuous ferrite, hydrogen caused fractured
by cleavage completely through the ferrite phase. The information
in this article was developed during the course of work under
Contract No. DE-AC09-96SR18500 with the U. S. Department of
Energy.

3:00 PM
Effects of Internal and External Hydrogen on Inconel 718: R.
J. Walter1; J. D. Frandsen1; 1Boeing Defense & Space Group, MS
IB-33, 6633 Canoga Ave., P.O. Box 7922, Canoga Park, CA 91309-
7922 USA

Internal hydrogen embrittlement (IHE) and hydrogen environment
embrittlement (HEE) tensile tests were performed on Inconel 718.
For the IHE tests, the specimens were precharged to ~90 ppm
hydrogen by exposure to 34.5 MPa H2 at 650°C. The HEE tests
were performed in 34.5 MPa H2. Parameters evaluated were test
temperature and strain rate for smooth and notch specimen geom-
etries. Embrittlement decreased significantly with increasing strain
rate at ambient temperature for both IHE and HEE. The strain rate
effect decreased with increasing temperatures. For IHE, the strain
rate effect was negligible at 260°C, and for HEE the strain rate
effect was negligible at 400°C. IHE and HEE were most severe at
ambient temperature. Although embrittlement decreased with in-
creasing temperature, both HEE and IHE were significant at 650°C.
At low temperatures, IHE was more severe than HEE. With in-
creasing temperature, the difference between IHE and HEE de-
creased. IHE and HEE were essentially the same at temperatures
above 350°C. At 350°C, the equilibrium hydrogen concentration
in Inconel 718 is about 50% lower than the hydrogen content of the
precharged IHE specimens. Dislocation hydrogen sweeping of sur-
face absorbed hydrogen was the likely transport mechanism for
increasing the hydrogen concentration in the HEE tests sufficiently

to produce the same degree of embrittlement as that of the higher
hydrogen content IHE specimens. The main IHE fracture charac-
teristic was formation of large, brittle flat facets, which decreased
with increasing test temperature. The IHE fracture matrix sur-
rounding the large facets ranged between brittle fine faceted to
microvoid ductility depending upon strain rate, specimen geom-
etry as well as temperature. The HEE fractures were characteristi-
cally fine featured, transgranular and brittle with a significant por-
tion forming a “saw tooth” crystallographic pattern. Both IHE and
HEE fractures were predominantly along the {111} slip and twin
boundaries. With respect to embrittlement mechanism, it was pos-
tulated that dislocation hydrogen sweeping and hydrogen enhanced
localized plasticity were active in HEE and IHE for concentrating
hydrogen along {111} slip and twin planes. Final brittle failure
occurred by hydrogen induced planer decohesion.

3:20 PM
Hydrogen Effects on IN-100:  D. B. Allen1; D. P. DeLuca1; R. J.
Zaehring1;  1Pratt & Whitney, P.O. Box 109600, West Palm Beach,
FL 33410-9600 USA

A recent investigation into the effects of hydrogen on the wrought
powder Ni base superalloy IN-100 was conducted. Metallographic
preparation of hydrogen-exposed specimens revealed that regions
of high hydrogen concentration reacted differently to etchants.
Hydrogen ingress into the material was modeled and compared to
the penetration depths obtained by etching and the effects of hy-
drogen on microscopic fracture modes were studied. The
micromechanics of fracture, hydrogen permeation and metallographic
effects are discussed.

3:40 PM  Break

3:50 PM
Unanticipated Mechanical Property Degradation of IN 100 in
High Pressure Hydrogen and Hydrogen Rich Steam:  S. J.
Gentz1; J. D. Haynes2; J. W. Sheldon2;  1NASA-Marshall Space
Flight Center, MS: EH22, Bldg. 4612, Huntsville, AL 35812 USA;
2United Technologies-Pratt Whitney, P.O. Box 109600, West Palm
Beach, FL 33410-9600 USA

IN 100 (PWA-SP 1074), a powder metallurgy nickel base super
alloy is used in the Space Shuttle Main Engine (SSME) High Pres-
sure Fuel and Oxidizer Turbopumps (HPFTPs and HPOTPs).
This material is exposed to a variety of severe thermal and environ-
mental conditions throughout the start transient, main stage, and
shut down cycles of the SSME. Previous experience for most ma-
terials indicated that one of the most life limiting exposures is to
ambient temperature high pressure gaseous hydrogen. Recent de-
velopmental testing of the HPFTP revealed hydrogen assisted crack-
ing in the Turbine Housing. Thermal and structural analyses, sup-
ported by instrumented hot fire units, suggested the cracking area
of the housing was being exposed to 300 to 500 F high pressure
hydrogen. A characterization program was initiated to increase the
understanding of IN 100 in this temperature and environmental
regime. This paper presents the findings of this material property
characterization investigation and of the examination of a hydrogen
barrier coating and an alternative thermal treatment to improve the
hydrogen properties of IN 100. Data presented will show that
hydrogen rich steam has a greater effect on properties than pure
hydrogen and that the minimum strength properties occur at a
temperature greater than ambient for IN 100.

4:10 PM
Behavior of Direct Fabricated 304L SS in Hydrogen Environ-
ments:  Joel A. Philliber1; Brian P. Somerday1; John E. Smugeresky1;
Michelle L. Griffith2;  1Sandia National Laboratories, P.O. Box
969, M/S 9403, Livermore, CA 94551 USA; 2Sandia National Labo-
ratories, P.O. Box 5800, Albuquerque, NM 87185 USA

Direct fabrication of metals through the LENSÔ processing can
enhance mechanical properties over those observed in convention-
ally processed materials. In 316 stainless steels, the yield stress
can be doubled with no ductility loss. This behavior is attributed
to the small grain/cell size (5 micron) and relatively low dislocation
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densities that are inherent in LENSÔ processed materials. Fabri-
cating 304L SS with the LENSÔ process to create a similar micro-
structure may result in an increased resistance to solute hydrogen.
The small grain size should provide ample hydrogen trapping sites
at grain boundaries while limiting the amount of hydrogen at void
nucleating particles. Additionally, the relatively low dislocation
density should allow moderate ductility to be retained. A prelimi-
nary study was conducted to evaluate the ability of LENSÔ pro-
cessed 304L SS to resist hydrogen embrittlement. Increased yield
strengths were obtained with the LENSÔ processed 304L SS over
conventional wrought and annealed material. The ductility of the
LENSÔ material was also greater than that of the conventional
304L. LENSÔ fabricated tensile bars were charged to saturation in
hydrogen gas at 300°C and pressures up to 140 MPa. Tensile
testing was done in air at room temperature. The resistance of this
material to hydrogen embrittlement and the underlying mechanisms
will be discussed. This work is supported by the U.S. Department
of Energy under contract #DE-AC04-94L85000.

4:30 PM
Effect of Hydrogen on Microvoid Fracture of 304L Stainless
Steel:  Brian P. Somerday1; Mark F. Horstemeyer1;  1Sandia Na-
tional Laboratories, Mats. & Eng. Sci. Ctr., P.O. Box 969, Livermore,
CA 94551 USA

Solute hydrogen degrades the ductility and fracture toughness of
304L stainless steel at 25°C. Despite the salient effect of hydrogen
on fracture resistance, the fracture mode is not significantly al-
tered. Fracture progresses by microvoid nucleation, growth, and
coalescence independent of hydrogen content. Although hydrogen
clearly accelerates microvoid fracture, it is uncertain how each
stage of the process is affected. The objective of this work is to
quantitatively characterize the effect of hydrogen on microvoid
nucleation, growth, and coalescence in low-sulfur 304L stainless
steel. Notched tensile specimens are charged to saturation in hy-
drogen gas (up to 140 MPa pressure) at 300 C then tested under a
constant displacement rate at 25°C. The experiments are inter-
rupted prior to final fracture at strains from 75% to 95% of the
fracture strain. The specimens are sectioned longitudinally and
polished to reveal the extent of microvoid damage in the notch
section. The number density and area fraction of voids are mea-
sured as a function of strain. These data are compared to similar
measurements of damage in uncharged specimens. The experimen-
tal results are compared to initial efforts to numerically model
microvoid fracture using finite-element and embedded-atom meth-
ods. (This work is supported by the U.S. Dept. of Energy under
contract #DE-AC04-94L85000.)

4:50 PM
Hydrogen Effects on Crack Growth at Elevated Temperatures
in IN903:  N. R. Moody1; M. I. Baskes1; S. L. Robinson1; M. W.
Perra1;  1Sandia National Laboratories, P. O. Box 969, Livermore,
CA 94551-0969 USA
Austenitic superalloys are often used in hydrogen and hydrogen-
producing environments because of their resistance to hydrogen
effects. However, they are susceptible to crack growth even at
elevated temperatures. We therefore employed hydrogen charged
samples to determine slow crack growth susceptibility in the iron-
based superalloy IN903 at temperatures ranging from 253 K to
373 K. The measured crack growth rates increased by more than
two orders of magnitude as temperature increased from 253 to 298
K and then decreased with further increases in temperature. Never-
theless, fracture in all samples initiated by fracture of matrix car-
bides followed by microvoid formation at slip band intersections
and failure of interconnecting slip band segments. Materials and
mechanics approaches were then combined to model the fracture
process and crack growth rates. Application of the model to the
test results supports the observation that microvoid formation at
slip band intersections is the critical event in the fracture process.
It further shows that the interaction between crack tip stress fields
and trap sites controls crack growth susceptibility. This interac-

tion with additional trap sites at temperatures above 298 K leads
to the marked decrease in crack growth rates and increase in thresh-
old stress intensities. This work supported by U.S. DOE Contract
DE-AC04-94AL85000.

Processing and Properties of Structural
Nanomaterials IV
Sponsored by:  Structural Materials Division, Electronic,
Magnetic & Photonic Materials Division, Powder Materials
Committee, Alloy Phases Committee, Materials Processing &
Manufacturing Division, ASM-MSCTS, Materials & Processing
Committee
Program Organizers:  Leon L. Shaw, University of Connecticut,
Department of Metallurgy & Materials Engineering, Storrs, CT
06269-3136 USA; Lawrence T. Kabacoff, Office of Naval
Research, Arlington, VA 22217 USA; Carl C. Koch, North
Carolina State University, Department of Materials Science &
Engineering, Raleigh, NC 27695 USA

Wednesday PM Room: Rookwood
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  Paul G. McCormick, University of Western
Australia, Special Res. Center for Adv. Min. and Mats. Proc.,
Nedlands, WA 6907 Australia; Ke Lu, Institute of Metal
Research, State Key Lab for RSA, Shenyang, China

2:00 PM  Invited
High Pressure/Low Temperature Sintering of Nanophase Ce-
ramic Powders:  B. H. Kear1;  1Rutgers University, Ctr. for
Nanomaterials Rsrch., Piscataway, NJ 08855-0909 USA

A hot pressing method for consolidation of nanophase ceramic
powder compacts without inducing significant grain growth has
been developed. The method involves the simultaneous applica-
tion of high pressure (up to 8 GPa) at relatively low temperature
(< 0.5 Tm). High compaction pressure causes particle deforma-
tion, such that the green density increases with pressure up to a
maximum at ~8 GPa. Low sintering temperature mitigates grain
growth during the consolidation process. Another favorable factor
is the occurrence of a pressure-induced phase transformation (typi-
cally from a metastable structure to a more stable structure), ac-
companied by a significant reduction in free volume (>3 vol.%).
Such a transformation assisted consolidation has been successfully
applied to produce sintered oxide and non-oxide bulk nanocrystalline
(<100 nm grain size) ceramics, starting with even finer-scale ce-
ramic nanopowders. Under appropriate conditions, a sintered grain
size can be realized that is actually smaller than the original powder
particles size.

2:30 PM  Invited
Processing of High Hardness-High Toughness Alumina Ma-
trix Composites:  Rajiv S. Mishra1; Amiya K. Mukherjee1;  1Uni-
versity of California, Dept. of Chem. Eng. and Mats. Sci., One
Shields Ave., Davis, CA 95616 USA

Ceramic-matrix composites with nanocrystalline (grain size less
than ~100 nm) matrix provide new opportunities, both scientific
and technological. The experimental results on creep and tough-
ness do not follow the existing theoretical framework. The knowl-
edge gap and opportunities to develop nanocrystalline ceramic-
matrix composites will be highlighted. We have been able to syn-
thesize fully dense nanocrystalline alumina matrix composites with
grain size as fine as 30-40 nm. The results show significantly
higher hardness and toughness in nanocomposites. Specific ex-
amples of Al2O3-Diamond, Al2O3-ZrO2 and Al2O3-Nb
nanocomposites will be presented. The hardness values of fully
dense nanocrystalline Al2O3-10 vol. % Nb composite range from
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20-23 GPa. The indentation toughness is > 8 MPa m1/2 for the
specimen sintered at 900oC and 2 GPa for 60 minutes. The present
results show an increase in fracture toughness by more than 250%
while retaining the hardness as compared to microcrystalline single
phase alumina.

3:00 PM  Invited
Processing and Properties of Nanophase Non-Oxide Ceram-
ics:  Robert Vaßen1; Detlev Stöver1;  1Forschungszentrum Jülich
GmbH, IWV 1, Jülich 52425 Germany

The present paper describes recent activities in the development
of non-oxide nanophase ceramics. Examples on the processing of
TiN, TiB2, Si3N4, SiC and others will be given. Only a few of the
described activities ended up with both high densities (i.e. >95% of
the Theoretical Density (TD)) and grain sizes below 100 nm. A
possible reason for these behavior of non-oxide ceramics is the
contamination of the surface by oxygen. For SiC, it is shown in
more detail that the oxide layer on the surface influences the densi-
fication behavior. It favors non-densifying sintering mechanisms
and hence coarsening of the microstructure. A processing route
was developed which effectively reduces the oxide layer. Subse-
quent Hot Isostatic Pressing (HIP) of these SiC samples led to
densities above 97%TD and grain sizes below 100 nm. A further
improvement of the grain size to density ratio is expected from an
optimized de-agglomeration of the nanophase powders during wet
chemical processing. Results will be presented. Finally, a short
overview of the properties of nanophase non-oxide ceramics will
be given, e.g. hardness, fracture toughness, thermal diffusivity,
superplastic deformation. Due to the fact that the manufacture of
ceramics with grain size below 100 nm turns out to be difficult also
results of samples with slightly larger grain sizes are included.

3:30 PM  Break

3:50 PM  Invited
Viewing Nanoparticles Sinter: Combined Studies of Com-
puter Simulation and Electron Microscopy:  Robert S.
Averback1;  1University of Illinois, Dept. of Mats. Sci. and Eng.,
1304 W. Green St., Urbana, IL 61801 USA

By directly observing nanoparticles while they sinter, using a com-
bination of molecular dynamics (MD) computer simulations and
in situ electron microscopy (TEM), a rich variety of behaviors was
found. Our MD simulations revealed that the capillary forces as-
sociated with nanoparticles in contact play an important role in the
sintering behavior. For crystalline Cu particles, these forces cause
mass transport by generating dislocations, while interfacial torques
cause contacting grains to rotate into low energy configurations,
even at 80 K. Rapid sintering in crystalline and amorphous CuTi
nanoparticles was also observed, but in this case by viscous flow
within the interface. We also found that soft particles soft landing
on hard substrates undergo shear such that the first few atomic
layers of the nanoparticle become instantaneously epitaxial upon
contact. This behavior was confirmed by TEM observations. We
also showed by TEM that hard nanoparticles soft landing on soft
substrates burrow into the substrate. These various effects will be
discussed in terms of the extremely high shear stresses developed
in nanoparticles systems.

4:20 PM  Invited
Critical Issues in Superplasticity of Nanocrystalline Materi-
als:  Rajiv S. Mishra1; Amiya K. Mukherjee1;  1University of
California, Dept. of Chem. Eng. and Mats. Sci., One Shields Ave.,
Davis, CA 95616 USA

The possibility of enhanced superplastic properties in
nanocrystalline materials has been discussed for a decade now. In
the last few years, tensile superplasticity has been observed in a
number of nanocrystalline materials. The emerging trends suggest
that the superplastic behavior in nanocrystalline state is not a
simple scaling of the microcrystalline superplasticity. In this brief
review, we outline the critical issues related to superplasticity in
nanocrystalline materials. Nanocrystalline materials exhibit super-

plasticity at significantly lower temperatures. But even at these
relatively lower temperatures, some grain growth occurs. The on-
set of grain growth limits the temperature range over which the
parametric dependencies for superplasticity can be determined for
a fundamental understanding. The kinetics of superplastic defor-
mation in nanocrystalline state is compared with that in the micro-
crystalline state and the predictions of theoretical models. On a
normalized basis, the superplasticity kinetics starts to decrease
below ~0.2-1.0 mm range, depending on the material. The influence
of grain size on each step involved during slip-accommodated grain
boundary sliding is discussed to explain this transition. The au-
thors gratefully acknowledge the support from the National Sci-
ence Foundation under grants NSF-DMR-9630881.

4:50 PM
Grain Growth in Ti-Aluminide (TiAl) Type of Advanced Al-
loys Processed by Mechanical Alloying and Hot Isostatic Press-
ing:  Sedat Özbilen1; Mehmet Erdogan1;  1Gazi University, Metallu.
Edu. Dept., Teknikokullar, Ankara, Turkey

Grain growth in Ti-based alloys such as Ti-aluminides (TiAl) with
or without B additions has been investigated. For this purpose,
mechanically alloyed and hot isostatically pressed powder materi-
als were annealed at different temperatures for different annealing
times. TEM study of these samples were carried out for grain size
determination. Kinetics of grain growth in TiAl alloy matrix with
grain boundary movement inhibitors (i.e., B additions) were stud-
ied. The results were compared with those reported in the litera-
ture. Attention was paid to the stability of nano grain structure
and the effect of grain boundary inhibitors to the shape and size
change of the grains.

P/M: Current Research and Industrial Prac-
tices: Net Shape Powder Parts
Sponsored by:  Materials Design and Manufacturing Division,
Powder Materials Committee
Program Organizers:  F. D. S. Marquis, South Dakota School of
Mines & Technology, Department of Materials & Metals
Engineering, Rapid City, SD 57701-3995 USA; Enrique V.
Barrera, Rice University, Metal Engineering & Materials Science
Department, Houston, TX 77251 USA; G. M. Janowski,
University of Alabama, Department of Materials & Mechanical
Engineering, Birmingham, AL 35294-4461 USA; Naresh
Thadhani, Georgia Institute of Technology, School of Materials
Science & Engineering, Atlanta, GA 30332-0245 USA

Wednesday PM Room: Caprice 2&3
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  Animesh Bose, Powdermet, Unit A, Sun Valley,
CA 91352 USA; Henry R. Piehler, Carnegie Mellon University,
Mats. Sci. and Eng., Pittsburgh, PA USA; Francis S. Biancanielo,
U.S. Department of Commerce, National Institute of Standards
and Technology, USA

2:00 PM  Keynote
Direct Laser Powder Deposition:  James W. Sears1;  1Lockheed
Martin Corporation, Bldg. D2, Rm. 114, 1 River Rd., PO Box
1072, Schenectady, NY 12301-1072 USA

Recent developments in the field of Laser Cladding and Rapid
Prototyping have led to direct manufacturing of net shape metal
components by laser fusion of powder alloys. This process is
known by names such as Selective Laser Sintering (SLS), Directed
Light Fabrication (DLF), Laser Engineered Net Shaping (LENS),
and Direct Metal Deposition (DMD), to name a few. However for
this talk it shall be called Direct Laser Powder Deposition (DLPD).
DLPD involves fusing metal alloy powders in the focal point of a
laser (or lasers) that is (are) being controlled by Computer Aided
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Design-Computer Aided Manufacturing (CAD-CAM) technology.
DLPD has the capability to produce fully dense components with
little need for subsequent processing. Research and development
of DLPD is being conducted throughout the world. The list of
facilities conducting work in this area continues to growth (over 25
identified in the United States alone). Developments in DLPD are
currently being pursued through two different techniques, SLS and
laser cladding. In SLS a layer of powder is rolled out for each laser
pass. While in the laser cladding technique the powder is fed into
the focal point of the laser where it is melted and then solidifies to
a form shape. This talk will elaborate on the state of these develop-
ments.

2:35 PM  Invited
Net Shape Powder Forming Using Magnepress™ DMC Tech-
nology:  Bhanu Chelluri1;  1IAP Research Inc., 2763 Culver Ave.,
Dayton, OH 45429 USA

Magnepress™ DMC is an innovative net shape powder pressing
technology that uses magnetic pulse forces to achieve full density
in several material systems. Since the compaction duration is less
than 1 millisecond, important dynamic effects occur in the pow-
ders which, when combined with the full density, yield properties
for high performance. In ferrous alloys, the resulting properties are
high strength and ductility that are close to those of forged and
wrought materials. Additionally special microstructures and grain
sizes of the starting powders can be preserved after Dynamic
Magnetic Compaction (DMC). In this presentation, an overview
of the process, the properties of various compacted materials, the
technology features such as size, shape and dimensional tolerances
that can be achieved in finished parts will be described.

3:05 PM
Improving Toughness in MIM Parts:  Joseph W. Newkirk1; J.
Alan Sago1;  1University of Missouri-Rolla, Dept. of Metallu.
Eng., Rolla, MO 65409 USA

Metal injection molded parts have received wide acceptance in
many fields due to their lower cost and good strength and hardness
properties. However, many applications of MIM parts are limited
by toughness considerations. Studies have shown that the tough-
ness values of individual MIM parts can vary widely. The factors
that determine both the toughness value and reproducibility is
being studied. The effect of processing variables and microstruc-
tural features on toughness will be reported on in this presentation.
Recommendations for both improving toughness and the repro-
ducibility of toughness from part-to-part will be presented.

3:35 PM Break

3:50 PM
Recent Advances in Ferrous Powder Metallurgy:  Nikhilesh
Chawla1; Fred Semel1; Sydney Luk1; Sim Narasimhan1;  1Hoeganaes
Corporation, Rsrch. and Dev. Div., 1001 Taylors Ln., Cinnaminson,
NJ 08077 USA

Ferrous powder metallurgy (P/M) has advanced significantly over
the last several years. Near net shape, high strength, and cost
effective P/M parts are being used in several automotive applica-
tions including transmission gears and connecting rods. This talk
will address recent advances in the area of ferrous powder for the
P/M industry. It will be shown that ferrous P/M encompasses a
combination of physical metallurgy, in alloy development, as well
as polymer and surface science, in developing binder treatment for
powder blending technology. The development of a molybdenum
prealloyed powder for increased density, as well as binder treated
powders for better control of alloying additions and increased com-
paction rates will be presented. Emerging technologies and an out-
look for P/M development in the 21st century will be discussed.

4:20 PM
Mechanical Properties of Powder Injection Molded Gas and
Water Atomised 316L Stainless Steel Powder Mixtures:  S.
Ozbilen1; Murat Dalkylyc1;  1Gazi Technical University, Metallu.
Eng., Teknikokullar, Ankara Turkey

Gas and water atomised 316L stainless steel powders with differ-
ent sizes and shapes were blended with different ratios. These
blends were mixed with proprietry binder formula to prepare the
designed feedstocks for molding. Molded feedstocks were then
subjected to binder removal and sintering under controlled atmo-
spheres to obtain maximum possible sintered densities. These were
followed by pre-designed heat treatment schedules to get the opti-
mum mechanical properties from the powder alloy system studied
in the present work. Recent results will be presented and dis-
cussed.

4:50 PM
The P/M of 58Fe-31Mn-10Al-1C Alloy:  Shih-Chin Chang1; Shih-
Nan Yen1; Chun-Sien Lin2;  1National Tsing-Hua University, Mats.
Sci. and Eng., Hsinchu 30043 Taiwan; 2Gloria Heavy Industrial
Corporation, R & D, 35, Hsin Chung Rd., Hsin Ying Taiwan

The optimum process of making mechanical alloyed P/M 58Fe-
31Mn-10Al-1C alloy was determined in this work. After 12 hr ball
milling of the mixture of commercially available pure powder of
elements, the intermetallic phases of FeAl, Fe3Al and Fe3AlC0.5
were found. After compaction under a pressure of 550 Mpa, sin-
tering were carried out in different H2 + Ar atmospheres. A single
austenitic structure with annealing twins was formed after one
hour sintering. The highest sintered density and best mechanical
properties of the specimens were obtained with the sintering at-
mosphere of 20 vol% hydrogen. The sintering density was 6.37 g/
cm3 and the mechanical properties were: hardness of HRC 35,
yield strength of 1122 Mpa and fracture strength of 1207 MPa.

Symposium to Honor Professor Julia R.
Weertman: Nanocrystalline Materials II
Sponsored by:  ASM International: Materials Science Critical
Technology Sector, Flow & Fracture Committee
Program Organizers:  Yip-Wah Chung, Northwestern Univer-
sity, Department of Materials Science & Engineering, Evanston,
IL 60208 USA; Peter K. Liaw, University of Tennessee,
Department of Materials Science & Engineering, Knoxville, TN
37996-2200 USA; David Dunand, Northwestern University,
Department of Materials Science & Engineering, Evanston, IL
60208 USA; Greg Olson, Northwestern University, Department
of Materials Science and Engineering, Evanston, IL 60208 USA

Wednesday PM Room: Rosewood
November 3, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  Jeffrey A. Eastman, Argonne National
Laboratory, Mats. Sci. Div., Argonne, IL 60439 USA; Carl C.
Koch, North Carolina State University, Raleigh, NC 27695 USA

2:00 PM  Invited
Deformation and Fracture of Amorphous, Nanocrystalline,
and Amorphous/Nanocrystalline Materials:  Carl C. Koch1;
1North Carolina State University, Mats. Sci. and Eng., Box 7907,
Raleigh, NC 27695 USA

Julia Weertman and her co-workers have lead in both experimental
studies and interpretation of the mechanical behavior of nanostruc-
tured materials. This paper will review her work, as well as that of
others, which suggest what may be useful analogies in the mechani-
cal behavior of amorphous and nanocrystalline materials. As early
as 1983, Donovan and Stobbs observed similar deformation behav-
ior between amorphous and nanocrystalline Pd-20 at.% Si. In both
cases deformation proceeded by localized shear bands. The shear
band deformation can result in significant macroscopic plasticity
in constrained compression such as rolling, but almost no macro-
scopic plastic deformation in tension. This is a consequence of the
essentially zero strain hardening such that the materials are per-
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fectly plastic and the yield strength is equal to the fracture stress.
This deformation behavior has been studied in metallic glasses and
amorphous polymers and more recently in nanostructured materi-
als. Speculation on the nature of the microscopic deformation mecha-
nisms in both amorphous and nanostructured materials will be
presented. In addition, the potentially useful combination of
strength and ductility observed in some two-phase amorphous/
nanocrystalline alloys will be discussed.

2:30 PM  Invited
Consolidation and Characterization of Nanocrystalline Cu
and Cu-Ni Powders Prepared by Mechanical Alloying and
Milling :  Jose Gerardo Cabañas-Moreno1; Alicia Rodríguez-
Pulido2; Hector A. Calderon1; Koichi Tsuchiya3; Minoru
Umemoto3; Julia R. Weertman4;  1Instituto Politecnico Nacional,
Dept. Ciencia de Materiales, UPALM Ed. #9, Apdo. Postal 75-
373, Mexico, D. F. 07300 Mexico; 2Instituto Tecnológico de Saltillo,
Dept. Metal-Mecánica, B. Venustiano Carranza 2400, Apdo Postal
600, Saltillo, Coahuila 25280 Mexico; 3Toyohashi University of
Technology, Product. Sys. Eng., Tempaku-cho, Toyohashi, Aichi
441 Japan; 4Northwestern University, Mats. Sci. and Eng., The
Tech. Instit., Evanston, IL USA

Mechanical alloying (MA) and mechanical milling (MM) are pro-
cesses which can be readily used to prepare sizable quantities of
metallic materials having grain sizes in the range of 10-50 nm.
However, materials produced by MA and MM are usually pro-
duced in form of powders in widely variable states of agglomera-
tion and with particle sizes ranging from just below 1mm and up to
several tens of micrometers, depending on the particular material
as well as the milling equipment employed in their production.
Evidently, in order to obtain a bulk product, the powders resulting
from MA or MM require subsequent consolidation and thermal
treatments which may change, among other things, their
nanocrystalline nature. Because of the potential advantages to be
gained in cost and speed/volume of production by using MA and
MM in the preparation of nanocrystalline metals and alloys, we
have explored the making of Cu and Cu-Ni alloyed powders by
MM and MA, respectively. In order to limit the coarsening of their
original nanocrystalline structure, these powders have been subse-
quently hot consolidated by means of a plasma-assisted sintering
process, using maximum sintering temperatures of about 773K
applied for 600 s. In collaboration with Prof. J. R. Weertman’s
group, the structure and properties of the metallic materials pre-
pared in this way have been characterized. These results will be
presented and compared with the ones derived from Prof.
Weertman’s pioneering work on nanocrystalline Cu produced by
other processes. Work supported by a CONACYT-NSF Bilateral
Project Grant.

3:00 PM
Grain-Size Dependent Mechanical and Thermal Properties
of Nanostructured Yttria-Stabilized Zirconia Coatings:  Jef-
frey A. Eastman1; Guido Soyez1; Ronald J. DiMelfi2; Loren J.
Thompson1; Jitendra P. Singh3; Karl L. Merkle1;  1Argonne Na-
tional Laboratory, Mats. Sci. Div., 9700 S. Cass Ave., Bldg. 212,
Argonne, IL 60439 USA; 2Argonne National Laboratory, Reactor
Eng. Div., 9700 S. Cass Ave., Bldg. 208, Argonne, IL 60439 USA;
3Argonne National Laboratory, Energy Tech. Div., 9700 S. Cass
Ave., Bldg. 212, Argonne, IL 60439 USA

The seminal work of Prof. J. R. Weertman and co-workers has
contributed substantially to current understanding of the mechani-
cal behavior of nanocrystalline materials (see [1] for a recent sum-
mary). Through their work, it has been demonstrated that nor-
mally ductile materials such as fcc metals exhibit increased strength
and reduced ductility as grain size is decreased into the nanometer
regime. In contrast, nanocrystalline ceramics show great potential
for increased ductility compared to their coarse-grained counter-
parts. As described in [1], significant porosity in samples often
prevents determination of the intrinsic grain-size dependent be-
havior of nanocrystalline materials. When prepared through tradi-
tional powder processing routes, fully dense nanocrystalline ce-

ramics are particularly difficult to produce. In the current work,
metal-organic chemical vapor deposition (MOCVD) has been used
to produce nanocrystalline yttria-stabilized zirconia (YSZ) coat-
ings with no apparent porosity. Processing parameters can be var-
ied to produce controlled grain sizes as small as 10-15 nm or as
large as epitaxial single crystals. Biaxial disk-bend tests on YSZ
coatings deposited onto both metallic or ceramic substrates are
being performed to determine if expected improvements in ductil-
ity and fracture resistance accompany grain size reduction. The
thermal conductivity of these coatings is also being measured.
Approximately a factor-of-two reduction in thermal conductivity
is seen at ambient temperature for the smallest-grained coatings
compared to the conductivity of coarse-grained or single crystal
coatings. A combination of lower thermal conductivity and im-
proved mechanical behavior would make nanostructured zirconia
coatings excellent candidates for future applications as thermal
barriers. Measurements of the thermal and mechanical behavior of
commercial YSZ thermal barrier coatings using the same techniques
will also be described and discussed. This work is supported by
the U. S. Department of Energy, BES-DMS, under Contract W-
31-109-Eng-38 and by a grant from Argonne's Coordinating Coun-
cil for Science and Technology. [1] J.R. Weertman, D. Farkas, K.
Hemker, H. Kung, M. Mayo, R. Mitra, and H. Van Swygenhoven,
MRS Bulletin, February, 1999, pp. 44-50.

3:15 PM
An Overview and Prospectus of the Mechanical Behavior of
Nanostructured Materials:  Terry C. Lowe1; Yuntian T. Zhu1;
1Los Alamos National Laboratory, Mats. Sci. and Tech. Div., MST-
DO, MS G754, Los Alamos, NM 87545 USA

Quoting Neil Lane, Science Advisor to the President of the United
States “If I were asked for an area of science and engineering that
will most likely produce the breakthroughs of tomorrow, I would
point to nanoscale science and engineering.” Recent efforts to un-
derstand the mechanical behavior of nanostructured materials have
helped build the path to fulfill this projection. In this overview we
summarize steps along the way to our current understanding, in-
cluding key contributions by Julia Weertman. Then we identify
some emerging challenges and provide a prospectus on the direc-
tions for future research, addressing both experimental and compu-
tational science. Finally, we examine the connection between the
evolution of nanostructured materials and the integration of the
physical and biological sciences.

3:30 PM  BREAK

3:50 PM
Microsample Tensile Testing of Nanocrystalline Metals and
Single-Crystalline:  Marc Zupan1; M. Legros2; Brian Elliott3; K.
J. Hemker1;  1John Hopkins University, Dept. of Mech. Eng.,
Baltimore, MD 21218 USA; 2Ecole des Mines/Parc de Saurupt,
Lab de Physique des Materiaux, Nancy 54042 France; 3McKinsey
& Company, 600 Campus Dr., Florham Park, NJ 07932 USA

The development of a “microsample” tensile testing machine has
greatly facilitated the mechanical testing of small specimens;
microsamples 25-500 microns thick and 200-300 microns wide are
now routinely tested in this machine. The non-contact optical
interferometric strain/displacement gage (ISDG) used to measure
strain in the gage of the microsamples possesses aresolution of 5
microstrain, and resistive heating can be used to heat the
microsamples to temperatures in excess of 1300K. Microsample
tensile tests of nanocrystalline pure metals have provided evidence
of tensile strengths in excess of 1GPa, limited ductility, and mea-
surements of elastic moduli that are consistent with bulk values.
The results of these experiments will be discussed in terms of the
underlying nanostructure and an apparent lack of dislocation activ-
ity. By contrast, single-crystalline microsamples of Ti-55.5at%Al
have been tested in tension at temperatures ranging from 873K to
1173K. The results of these tensile experiments have been com-
pared with the compressive strength of this material, and a ten-
sion-compression (T/C) asymmetry has been observed for three
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different orientations. This T/C asymmetry will be related to the
dissociation, motion, and cross-slip locking of superdislocations in
the ordered L10 structure.

4:20 PM
A Comparison of the Deformation Bahavior of Ultra Fine
Grained Copper Produced by Particulate Processing and Bulk
Deformation Processing:  Shankar M. L. Sastry1; Suryanarayanan
R. Iyer2; Virgil Provenzano3; Lynn Kurihara3;  1Washington Uni-
versity, Mech. Eng., Campus Box 1185, One Brookings Dr., St.
Louis, MO 63130 USA; 2Applied Materials Inc., Santa Clara, CA
95050 USA; 3Naval Research Laboratory, Code 6320, 4555 Over-
look Ave., Washington, DC 20375 USA

Mechanical properties of nanocrystalline materials synthesized
by a variety of methods and consolidated by different processing
routes have been attributed to nanocrystalline structure without
due consideration given to the impurities present, nanoporosity of
the consolidated products, and the nature of inter particle and inter
agglomerate bonding. Contamination is a serious issue in process-
ing of nanocrystalline materials; yet control and minimization of
impurities such as carbon, oxygen, nitrogen, and hydrogen has not
been adequately addressed in most of the investigations. Adsorbed
impurities, oxide films on particles surfaces, and agglomeration of
fine particles invariably result in poor inter-particle and inter-ag-
glomerate bonding although the consolidated products may exhibit
close to theoretical densities. Evaluation of properties of such
nanocrystalline materials masks the ‘intrinsic’ effects of
nanocrystalline and nanograin structure and leads to erroneous
conclusions regarding nanocrystalline material behavior. With the
objective of determining the intrinsic and extrinsic effects on the
mechanical properties, ultra fine grained copper samples were pre-
pared by two methods: (i) consolidation of nanocrystalline par-
ticles produced by solution phase synthesis and POLYOL pro-
cess, and (ii) severe plastic deformation (SPD) by equal channel
angular extrusion of bulk copper. The mechanical properties of the
alloy samples were determined by microhardness measurements,
compression testing, and three-point bend testing. Whereas the
particulate processed copper exhibited high hardness values, the
specimens failed without exhibiting any plastic deformation in 3-
point bend tests. The ECAE copper exhibited a good combination
of high hardness and room temperature ductility. The results will
be discussed in terms of the intrinsic and extrinsic factors govern-
ing the deformation of ultra fine grained copper.

4:35 PM
Deadhesion Properties of Nanocrystalline Films by
Nanoindentation:  Alex A. Volinsky1; William W. Gerberich1;
Natalia I. Tymiak1;  1University of Minnesota, CEMS, 421 Wash-
ington Ave. S.E., Minneapolis, MN 55455 USA

To evaluate adhesion of nanocrystalline films two requirements are
knowledge of the film’s constitutive properties and reliable tech-
nique for measuring interfacial delamination. Both of these can be
provided by nanoindentation techniques. Atomic force micros-
copy identification of grain sizes in the range of 40 to 200 nm for
film (thickness ranging from 40 nm to 3 microns) have been deter-
mined for sputter-deposited Cu films on SiO2/Si. From a range of
nanoindentation experiments, both yield strength and modulus have
been extracted for use in strain energy density calculations. This
has been used with dislocation emission arguments to estimate the
plastic energy dissipation in films thicker than 100 nm. For those
thinner, a true surface energy is expected. Measurements in
nanocrystalline Cu thin films deposited on SiO2/Si wafers confirm
this. The measurement technique also consists of nanoindentation-
induced microcracks into a W superlayer which triggers film delami-
nation. On the driving force side, superlayer micromechanics mea-
sures values of 0.6 to 100 J/m^2, consistent with resistance side
estimates from plastic energy dissipation. As such, the ratcheting
effect of fracture toughness dependence, yp[ys] on the true sur-
face energy, ys, is estimated.

4:50 PM
Characterization of Ultrafine Particles Produced by DC
Plasma Jet Method:  Koichi Tsuchiya1; Y. Todaka1; M. Umemoto1;
1Toyohashi University of Technology, Dept. of Product. Sys. Eng.,
Toyohashi, Aichi 441-8580 Japan

Ultra-fine particles (UFPs) of various metals, oxides and nitrides
have been drawing much attention since they often exhibit anoma-
lous physical and chemical properties which can not be seen in bulk
materials. In the present paper structure and properties of UFPs of
various metals produced by DC plasma jet method will be pre-
sented with a special emphasis on Fe-Cu binary alloy. In this
method, elemental powders of pure Fe and Cu were fed directly
into Ar arc plasma. They were instantaneously vaporized by ex-
tremely high temperature of plasma and gaseous atoms form atomic
clusters which grow into UFPs. Analytical high resolution electron
microscopy revealed that the obtained UFPs are solid solution
with a wide range of composition. Magnetic properties of these
UFPs will be also reported.

Computational Materials Science at the Micro-
structural Scale: Microstructural Evolution in
the Solid State
Sponsored by:  Electronic, Magnetic & Photonic Materials
Division, Chemistry & Physics of Materials Committee,
Computational Materials Science & Engineering, Phase Transfor-
mations Committee
Program Organizers:  Elizabeth Holm, Sandia National Labs,
P.O. Box 5800, Albuquerque, NM 87185-0304 USA; Long-Qing
Chen, Pennsylvania State University, Materials Science and
Engineering Department, University Park, PA 16802-5005 USA;
Mark A. Miodownik, Sandia National Laboratories, Materials
and Process Modeling, Albuquerque, NM 87185-1411 USA; J.
P. Simmons, AFRL-MLLM, Dayton, OH 45433 USA; Prof.
Peter W. Voorhees, Northwestern University, Department of
Materials Science & Engineering, Evanston, IL 60208

Thursday AM Room: Caprice 1&4
November 4, 1999 Location: Omni Netherland Plaza

Hotel

Session Chair:  Jeff P. Simmons, AFRL, MLLM, Dayton, OH
45433 USA

8:30 AM  Invited
Simulation of Recrystallization By Combining a Probabilis-
tic Cellular Automaton with a Crystal Plasticity Finite Ele-
ment Model:  Dierk R. Raabe1; Richard C. Becker2;  1Max-Planck-
Institut fuer Eisenforschung, Max-Planck-Str. 1, Duesseldorf 40237
Germany; 2Alcoa, Tech. Ctr., Alcoa Center, PA 15069 USA

We present partially discrete simulations of the formation of tex-
ture and microstructure in heterogeneously deformed aluminum
during static primary recrystallization. Discrete predictions are of
interest because they allow one to consider local grain boundary
characteristics (mobility, energy) and local driving forces. The simu-
lations are based on applying a probabilistic cellular automaton to
spatially discrete deformation data obtained by a viscoplastic crys-
tal plasticity finite element simulation. We will discuss the simula-
tion methods, the mapping of the finite element interpolation points
on the regular cellular automaton lattice, the used nucleation mod-
els, and a number of metallurgical results such as the textures,
microstructures, and kinetics. The obtained results show that de-
viations from the classical Avrami behavior can be discussed in
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terms of grain clustering and partial recovery of grains which have
low driving forces, insufficient misorientations with respect to the
growing nuclei, or insufficient nucleation rates.

9:10 AM
Modeling Dislocation Cell Structure Evolution:  Mark A.
Miodownik1; David J. Srolovitz2; Peter Smereka2; Elizabeth A.
Holm1;  1Sandia National Laboratories, Albuquerque, NM 87185-
1411 USA; 2University of Michigan, Ann Arbor, MI 48109 USA

Plastic flow in metals occurs by a dislocation mechanism in which
strain is accommodated by a dislocation flux. This results in tangled
networks of dislocations which self-organize into stable cell struc-
tures. These structures have a number of remarkable properties
not least of which is that they exhibit scaling. We examine the idea
that the evolution of these dislocation cells is dominated by ran-
dom fluctuations; that as a result of plasticity there is a great deal
of noise, and pattern formation arises from this complexity. We
construct a simple model of the evolution of cell orientations.
Instead of focusing on the fluctuations of the boundaries by con-
sidering dislocation mechanisms, we consider the fluctuations in
the orientations of the cells. This reposes the problem in terms of
a random walk in Orientation space, a diffusion problem. If all the
orientations initially start with the same orientation, then there is
a unit concentration of orientations at one point in Orientation
Space. As a result of the fluctuations imposed by the strain state,
these orientation diffuse out into Orientation Space. This is a di-
rect analogue of the thin film problem in metallurgy. We quantita-
tively compare the results with the experiment data. This work
was performed in part at Sandia National Laboratories under United
States Department of Energy contract DE-AC04-94AL85000.

9:30 AM
Phase-Field Modeling of the Precipitation Process During a
Coherent Hexagonal to Orthorhombic Transformation in Ti-
Al-Nb System:  Youhai Wen1; Yunzhi Wang2; Long-Qing Chen1;
1Penn State University, Mats. Sci. Eng., 119 Steidle Bldg., Univer-
sity Park, PA 16802 USA; 2Ohio State University, Mats. Sci. Eng.,
Columbus, OH 43210 USA

A phase-field model is utilized to simulate the precipitation pro-
cess during a coherent hexagonal to orthorhombic transformation
in Ti-Al-Nb system. Two alloys with different Nb content are
employed to study its influence on the microstructure. In the high
Nb alloy, the morphology of the precipitates is mainly rectangle/
square and their mutual arrangement manifests some regular pat-
terns. In the low Nb alloy, the dominant morphology for the pre-
cipitate is long band and their mutual arrangement also leads to
some unique patterns. We have also investigated the spontaneous
precipitation process where the precipitation can actually proceed
without invoking any compositional separation. Our simulation
demonstrate a tweed microstructure at the very beginning of the
precipitation process and the final microstructure contains all those
particular patterns such as star pattern, swastika pattern, fan pat-
tern, etc., which is typical of a diffusion less structural transforma-
tion during a coherent hexagonal to orthorhombic transformation.
Our simulations manifest that these regular patterns especially the
star pattern can hardly appear as long as the precipitation process
plays a major role during the microstructure evolution.

9:50 AM
Morphological Evolution and Coarsening Kinetics of Coher-
ent Precipitates Using Diffuse-Interface Phase Field Model:
Venugopalan Vaithyanathan1; Long Qing Chen1;  1Pennsylvania
State University, Dept. of Mats. Sci. and Eng., University Park,
PA 16802 USA

The morphological evolution of coherent precipitates are strongly
influenced by the elastic strain energy generated due to their lattice
mismatch with the matrix. It is still unclear whether the conven-
tional Ostwald ripening law is still applicable for the coarsening of
these precipitates. This study focuses on establishing the coarsen-
ing kinetics of coherent precipitates in the presence of strain en-
ergy, in a matrix with negative elastic anisotropy, using diffuse-

interface phase field model. A precipitate volume fraction of 20%
is chosen for the study and the simulation is carried out in both
two and three dimensions. The elastic anisotropy results in a cuboi-
dal (rectangular in 2D) precipitate morphology due to preferential
growth along <100> or elastically soft directions and, also precipi-
tate alignment in these directions. The average particle size is ex-
tracted by two methods, (i) half the edge length and (ii) equivalent
radius of circle with same area, as a function of time from which
coarsening exponent is calculated. Particle size distributions are
obtained to verify scaling behavior at late stages. Also variation in
aspect ratio (ratio of longest edge length of cuboid to the shortest
edge length) of precipitates is obtained as a function of time. The
kinetics from the two dimensional and three dimensional simula-
tion are compared with each other and also with the experimental
results of g’ coarsening in Ni-Al binary alloys.

10:10 AM
OPEN

10:30 AM  Break

10:40 AM
Phase Field Modeling of Simultaneous Nucleation and
Growth During Precipitation :  Chen Shen1; Yunzhi Wang1; Jeff
P. Simmons2;  1Ohio State University, Mats. Sci. and Eng., 2041
College Rd., Columbus, OH 43210 USA; 2Air Force Research
Laboratory, AFRL/MLLM, Wright-Patterson AFB, Dayton, OH
45433 USA

Significant cost savings are realized in alloy processing by using
computer models to model alloy processes, thereby reducing the
amount of experimental effort necessary. While the Phase Field
model has been successful in simulating realistic microstructures
and their evolution under conditions of high volume fraction, elas-
tically interacting particles, and involving ordered product phases,
which make it very attractive for studying Ni-based superalloys,
its current applications are limited to modeling isothermal pro-
cesses under the conditions of site saturation for nucleation. Ap-
plication to a real process will require that it accounts for varying
processing conditions under which nucleation, growth and coars-
ening occur simultaneously at all stages of the microstructural evo-
lution. This work proposes to adapt the Phase Field model to
handle simultaneously nucleation, growth and coarsening during
precipitation of the L12 ordered particles in Ni-Al. A stochastic
process of nucleation is incorporated in the model where nuclei of
critical configuration are added continuously according the nucle-
ation rate obtained either from experiment data or from the classi-
cal nucleation theory. The effects of the interplay among the chemi-
cal driving force, reduction in interfacial energy and relaxation of
elastic strain energy on the kinetics and precipitate morphology
are investigated.

11:00 AM
Modeling Grain Boundary Migration in Thin Films :  David P.
Field1;  1TexSEM Laboratories Inc., 392E 12300S Ste. H, Draper,
UT 84020 USA

Structure evolution in thin Al and Cu films is an important consid-
eration in the fabrication of integrated circuits. Electromigration
and stress voiding are reliability concerns which have long been
known to depend upon the specifics of the metal microstructure.
Experiments have been performed in-situ by orientation imaging in
the SEM to observe the grain growth process in narrow lines. From
these experiments, it has been possible to develop some simple
criterion, based upon grain boundary character, for boundary mi-
gration. These criterion have been included in a simple Monte-
Carlo type model and the results have been compared with experi-
ment and with models which do not include criteria based upon
grain boundary character. It is shown that the models which in-
clude these criteria offer an improved estimation of structure evo-
lution as compared with experiments.
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11:20 AM
Microstructure Dependence of Diffusional Transport Proper-
ties:  Jingzhi Zhu1;  1Penn State University, Dept. of Mats. Sci. and
Eng., 119 Steidle Bldg., University Park, PA 16803 USA
We developed a simple method to simulate the temporal diffu-
sional mass or heat transport process through microstructures with
arbitrary complexity. We use a field variable to describe a micro-
structure, an idea similar to the diffuse-interface phase-field ap-
proach. The mass or heat diffusion through a given microstructure
is modeled by a diffusion equation with a variable coefficient,
which can be efficiently solved by an accurate semi-implicit spec-
tral method. The effective diffusion coefficient for any given mi-
crostructure can then be extracted either from the temporal evolu-
tion of a diffusion profile through the microstructure or from the
steay state diffusion. Examples of microstructures to be discussed
include single-phase grain structures with significantly different
grain boundary and bulk diffusion coefficients, and two-phase mi-
crostructures with different diffusion coefficient in each phase.
For latter case, the effect of volume fraction and microstructure
connectivity on the effective diffusion coefficient will be exam-
ined. Results will be compared with existing analytical theories and
computer simulations.

11:40 AM
Vacancy Generation By the Motion of Jogged Screw Disloca-
tions:  W. J. Liu1; E. Essadiqi1;  1CANMET, MTL, 568 Booth St.,
Ottawa, Ontario K1A 0G1 Canada

Vacancies in materials, both thermal and mechanically generated,
may play important roles in microstructural evolution. In the
present paper, the vacancy generation during deformation is re-
lated to the non-uniform distribution of jogs associated with mov-
ing screw dislocations. A mathematical model for calculating the
vacancy generation rate will be presented. The importance of the
model in the development of other microstructural evolution mod-
els will also be discussed.

12:00 PM
Diffusion-Controlled Growth Rates of a Compound Layer
Between Parallel Thin Films:  Huifang Zhang1; Harris Wong1;
1Louisiana State University, Mech. Eng. Dept., Baton Rouge, LA
70803 USA

Diffusion controlled growth of a compound phase AnB (n ³ 1)
between two parallel thin films of material A and B occurs during
electronic materials processing and during synthesis of high-tem-
perature materials using multilayer films. Previous models of the
growth rates do not solve the diffusion equation, and thus do not
utilize fully the predictive capability. In this talk, we describe a
self-similar solution of the diffusion equation with the nonlinear
Kirkendall effect included. The nonlinear partial differential equa-
tion is converted into a nonlinear ordinary differential equation
with a free boundary and solved by a shooting method. Due to
similarity, the solution holds for a range of length scales from nano
to micrometers. It is found that the growth rates of the interfaces
bounding the compound phase are completely determined once the
equilibrium concentrations at the interfaces and the intrinsic
diffusivities of A and B in AnB are specified. An asymptotic ana-
lytic solution valid for small differences in the equilibrium interfa-
cial concentrations is determined and agrees with the numerical
results in the appropriate limit. Implications of this complete solu-
tion will be discussed.

Processing and Properties of Structural
Nanomaterials V
Sponsored by:  Structural Materials Division, Electronic,
Magnetic & Photonic Materials Division, Powder Materials
Committee, Alloy Phases Committee, Materials Processing &
Manufacturing Division, ASM-MSCTS, Materials & Processing
Committee
Program Organizers:  Leon L. Shaw, University of Connecticut,
Department of Metallurgy & Materials Engineering, Storrs, CT
06269-3136 USA; Lawrence T. Kabacoff, Office of Naval
Research, Arlington, VA 22217 USA; Carl C. Koch, North
Carolina State University, Department of Materials Science &
Engineering, Raleigh, NC 27695 USA

Thursday AM Room: Rookwood
November 4, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  B. H. Kear, Rutgers University, Center for
Nanomaterials Research, Piscataway, NJ 08855 USA; Fereshtch
Ebrahimi, University of Florida, Dept. of Mats. Sci. and Eng.,
Gainesville, FL USA

8:30 AM  Invited
Thermal Stability of Nanocrystalline Copper: Grain Growth
Versus Strain Release:  L. Lu1; L. B. Wang1; K. Lu1; B. Z. Ding1;
1Institute of Metal Research, CAS, State Key Lab. for RSA, 72
Wenhua Rd., Shenyang 110015 ROC

Nanocrystalline (nc) materials are thermodynamically metastable
and under thermal activation, they will transfer to more stable
state by releasing the excess energy stored in the numerous grain
boundaries as well as the nanocrystallites. Grain growth and strain
release are normally observed processes responsible for thermal
annealing. In order to understand the underlying mechanism for the
two processes, thermal stability of nc Cu samples with different
amounts of microstrain but the same grain size was investigated.
The nc Cu sample with a high purity and a high density was made
by means of electrodeposition, in which the microstrain is negli-
gible. Cold-rolling of the as-deposited nc Cu was used to introduce
microstrain in the nc samples of which the grain size keeps un-
changed. Measurement results shown that the grain growth kinet-
ics and strain release process are sensitive to the level of microstrain
in the nc samples. With an increase of the microstrain, the grain
growth shifts to higher temperatures, while the strain release tem-
perature is depressed. The activation energies for the grain growth
and strain release processes were determined and their correlation
was analyzed.

9:00 AM  Invited
Nanostructured Materials in Multicomponent Alloy Systems:
Jürgen H. Eckert1;  1IFW Dresden, Institute für Metallische
Werkstoffe, P.O. Box 270016, Dresden 01171 Germany

The discovery of ultra-high strength, good ductility and excellent
wear resistance for nanophase multicomponent alloys prepared
by solid state processing utilizing mechanical alloying techniques
with or without subsequent annealing or by devitrification of easy
glass forming alloys has stimulated considerable interest in these
materials with very uniform microstructure and interesting prop-
erties. This contribution reports on the formation and the proper-
ties of mechanically alloyed, rapidly quenched and slowly cooled
Zr-, Al, and Mg-based multicomponent alloys exhibiting amor-
phous/nanophase or nano-quasicrystalline microstructures. In ad-
dition, results for amorphous alloys containing insoluble nanoscale
metallic particles or oxides for mechanical strengthening will be
presented. Various experimental methods such as x-ray diffraction,
transmission electron microscopy, thermal analysis, viscosity mea-
surements and mechanical testing were applied to investigate the
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microstructure and the properties of the different alloys. Partial
devitrification of initially fully amorphous samples results in bulk
ultra-fine quasicrystalline or crystalline precipitates with high sta-
bility against grain growth. This will be discussed with respect to
the thermodynamics and kinetics of nucleation and growth. Alter-
natively, nanoscale composite materials were directly prepared by
mechanical alloying and subsequent powder consolidation. Me-
chanical properties for different strain rates and temperatures will
be presented and potential applications of these new materials will
be critically assessed.

9:30 AM
Glass Formation and Primary Nanocrystallization in Al-Base
Metallic Glasses:  Robert I. Wu1; Gerhard Wilde1; John H.
Perepezko1;  1University of Wisconsin-Madison, Mats. Sci. and
Eng., 1509 Univ. Ave., Madison, WI 53706 USA

Aluminum-rich metallic glasses containing transition and rare earth
elements have been found to yield finely mixed microstructures of
Al nanocrystals in an amorphous matrix and exhibit enhanced frac-
ture strength with several percent strain. Upon primary crystalli-
zation of the melt spun ribbons, a novel microstructure comprised
of a high particle density (> 1020 m-3) of Al nanocrystals (20nm) in
an amorphous matrix develops and offers exceptional strength
(1200MPa) and high temperature stability (260oC). Numerical mod-
eling based upon the size distribution of the Al nanocrystals after
isothermal annealing is applied to study the nucleation kinetics in
the metallic glasses. In addition to the kinetic study of the primary
nanocrystallization, the glass transition temperature (Tg) has been
assessed in Al-7Y-5Fe and Al-8Sm alloys. In the usual measure-
ment, the thermal response of the primary crystallization often
obscures the observation of the signal corresponds to the glass
transition during thermal analysis. As a result, Tg is often assumed
to be near the onset of the primary crystallization reaction (TAl

x).
However, it has been demonstrated by modulated calorimetry that
this assumption does not apply to the metallic glasses under study.
The thermal stabilization of the microstructure by the occurrence
of diffusion field impingement allows for the observation of the
glass transition of the remaining amorphous phase in the matrix by
the modulated DSC. The reliable assessment of the glass transition
temperature provides not only a fundamental basis for kinetic
analysis, but also an important parameter in designing suitable
annealing treatments that allow for the development of desired
microstructures to yield optimized properties. The support of the
ARO (DAAG55-97-1-0261) and Humboldt Foundation (GW, V-
3-FLF-1052606) are gratefully acknowledged.

9:55 AM  Break

10:15 AM  Invited
Chemical and Structural Effects Associated with Shear Band
Formation and Fracture in Al-Based Metallic Glass:  G. J.
Shiflet1;  1University of Virginia, Dept. Mats. Sci. and Eng.,
Charlottesville, VA 22903 USA

This talk will focus on the structural and chemical changes associ-
ated with deformation in Al-based metallic glass. We have previ-
ously shown that nanocrystals form within 10nm shear bands
created during bending. Connected to nanocrystal formation is dif-
fusion of the transition metal and rear earth element. This suggests
that heat generation associated with the formation of the shear
band is primarily responsible with the growth of the nanocrystal.
Results will be presented on the size and density of nanocrystals
and the chemical changes within the shear band. Observations of
the immediate fracture surface resulting from tensile tests will also
be given and compared to the interior of shear bands and
nanocrystals formed during isothermal heat treatment. Work sup-
ported by AFOSR.

10:45 AM  Invited
Laser Processing of Nanocrystalline Thin Films and Com-
posites:  Jay Narayan1;  1North Carolina State University, Mats.
Sci. and Eng., 2142 Burlington, Campus Box 7916, Raleigh, NC
27695-7916 USA

This talk reviews our work on nanocrystalline thin films and com-
posites using laser deposition methods. Special emphasis is placed
on Ge/AlN composites where quantum confinement in Ge
nanocrystals leads to a blueshift in luminescence which increases
with decreasing size of Ge nanocrystals. We also summarize our
work on Cu and ZrO2 nanocrystalline thin films and characteris-
tics of deformation of these films under nanoindentation plastic
deformation. Using pulsed laser deposition, we are able to control
crystallite size by changing the laser deposition and substrate pa-
rameters. This technique lends itself to processing of thin film
composites and manipulation of properties with atomic-level con-
trols.

11:15 AM
Magnetic Nanocrystalline Films:  Vladimir Grigor’evich
Shadrow1; Anatolyi Vasil’evich Boltushkin1; Lyudmila Vasil’evna,
Nemtsevich1;  1Institute of Solid State Physics, Acad. Sci. of Belarus,
P. Brovki, 17, Minsk 220072 Belarus

Growth processes, structure and properties of hard magnetic elec-
trodeposited Co based films and Co containing alumite films have
been investigated by means of EM,XRD,AFM and AGFM. A
mechanism of nanocrystalline structure formation in Co based elec-
trodeposited films is proposed, which accounts for the structure
changing observed as well as magnetic properties changing. The
regularities of content modulated magnetic nanophase particles in
the pores during pulse deposition and mechanism of supersatu-
rated CoCu solid solutions formation are determined. Intergranular
magnetic interaction and magnetization reversal properties in the
above structures are investigated through remanence and delta M
curves measurements and angular variations of coercivity.

P/M: Current Research and Industrial Prac-
tices: Structure/Properties/Processing Relation-
ships
Sponsored by:  Materials Design and Manufacturing Division,
Powder Materials Committee
Program Organizers:  F. D. S. Marquis, South Dakota School of
Mines & Technology, Department of Materials & Metal
Engineering, Rapid City, SD 57701-3995 USA; Enrique V.
Barrera, Rice University, Metal Engineering & Materials Science
Department, Houston, TX 77251 USA; G. M. Janowski,
University of Alabama, Department of Materials & Mechanical
Engineering, Birmingham, AL 35294-4461 USA; Naresh
Thadhani, Georgia Institute of Technology, School of Materials
Science & Engineering, Atlanta, GA 30332-0245 USA

Thursday AM Room: Caprice 2&3
November 4, 1999 Location: Omni Netherland Plaza

Hotel

Session Chairs:  Gregg M. Janowski, University of Alabama at
Birmingham, Mats. and Mech. Eng., Birmingham, AL 35294-
4461 USA; Sheeri R. Bingert, Los Alamos National Laboratory,
MS G770, Los Alamos, NM USA

8:30 AM  Keynote
Finite Plastic Flow of Granular Materials:  Sia Nemat-Nasser1;
1University of California at San Diego, Dept. of Appl. Mech. and
Eng. Sci., Ctr. of Excellence for Adv. Mats., La Jolla, CA 92093-
0416 USA

Fundamentals of finite-deformation elastoplastic flow of densely
packed granular materials which carry the applied loads through
contact friction, are discussed, integrating the material behavior at
three distinct length scales, i.e., the micro-scale, the meso-scale,
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and the macro-scale. Considering the contact forces, contact
normals, and branches (which are vectors connecting the centroids
of two adjacent contacting granules), at the micro-scale, expres-
sions for the overall stress tensor, and the tractions transmitted
across interior macroscopic planes, are developed. Macroscopic
parameters which characterize the microstructure and its evolution
in the course of deformation, are identified in terms of fabric ten-
sors and the distribution density functions of unit branch vectors
and contact normals, leading to explicit relations between the stress
and fabric tensors. At the meso-scale, the deformation is assumed
to consist of dilatant simple shearing over several interacting slid-
ing planes. Resistance to such simple shearing is provided by fric-
tion due to rolling and sliding at the micro-scale, and restructuring
through redistribution of the contact normals, i.e., the change in the
fabric. An explicit expression is obtained for the critical value of
the resistive shear stress, by integrating the corresponding contact
forces over a typical sliding plane. Finally, physically-based con-
tinuum constitutive relations are obtained, based on the double
sliding-plane model which includes dilatancy (densification), pres-
sure sensitivity, and, most importantly, the anisotropy due to the
fabric structure which enters into the resulting continuum consti-
tutive relations through a back stress. References Nemat-Nasser,
S., “On Behavior of Granular Materials in Simple Shear,” Soils and
Foundations, Vol. 20 (1980), 59-73. Christoffersen, J., M.M.
Mehrabadi, and S. Nemat-Nasser, “A Micromechanical Descrip-
tion of Granular Material Behavior,” Journal of Applied Mechan-
ics, Vol. 48 (1981), 339-334. Oda, M., S. Nemat-Nasser and M.M.
Mehrabadi, “A Statistical Study of Fabric in a Random Assembly
of Spherical Granules,” International Journal for Numerical and
Analytical Methods in Geomechanics, Vol. 6 (1982), 77-94.
Balendran, B. and S. Nemat-Nasser, “Double Sliding Model for
Cyclic Deformation of Granular Materials, Including Dilatancy
Effects,” Journal of Mechanics and Physics of Solids, Vol. 41, No.
3 (1993), 573-612.

9:00 AM  Invited
Fundamental Aspects in Shock Consolidation of Metal Pow-
ders:  Dr. Karl Staudhammer1;  1Los Alamos National Laboratory,
Mats. Sci. and Tech., MST-6, MS G770, Los Alamos, NM  87545
USA

Shock consolidation has been widely investigated but little used in
manufacturing processes. The potential arenas of application are
numerous, however, for a number of reasons its employment is
very limited. In part, because the process is not well understood
and has inherent in it many variables. At the present time, no
general accepted theory is available to account for the process
mechanics, threshold conditions including very rapid reaction ki-
netics. Of utmost concern in the use of shock energies for compac-
tion and consolidation is the appropriate deposition of energy,
which involves a very rapid and intense shock wave. This paper
will describe the many variables as applied to powder consolida-
tion. Many of these variables are interdependent parameters such
as shock pressure, strain, strain rate, temperature, shock velocity,
powder size, powder distribution, powder morphology, etc. These
variables must be assessed as an accumulative sum. Many descrip-
tions of these variables and their effects have been previously
presented in various forms for particular systems. However, a
conceptual description in temperature-time space as applied to
powders has been quit useful in understanding many of the con-
solidation successes and failures.

9:30 AM  Invited
Hot Shock-Consolidation of Coated Powders:  L. A. Japaridze1;
A. B. Peikrishvili1; F. D. S. Marquis2;  1Institute of Mining Me-
chanics, Acad. of Sci. of GA, Tbilisi, GA USA; 2South Dakota
School of Mines and Technology, College of Mats. Sci. and Eng.,
Rapid City, SD 57701 USA

The utilization of coated powders in hot shock compaction has
some advantages such as uniformity of bonding, homogeneity of
microstructure, higher density, improved strength and sometimes
unusual microstructures. In this investigation elemental powders
(Ni, Al, Fe and graphite) and refractory powders (W, WC) coated
by Cu, Ni and Al have been studied, in the temperature range 400-


