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2:50 PM
Maintaining Consistent Conditions over a Wide Range of Material 
Deposition Rates in Beam-Based Additive Manufacturing:    Jack Beuth1; 
Shane Esola1; Raymond Walker2;  1Carnegie Mellon University; 2Keystone 
Synergistic Enterprises
     Signifi cant advances have been made in the development of laser and electron 
beam-based freeform fabrication processes using powder injection, powder bed 
or wire feed systems for material delivery.  Electron beam-based deposition is 
currently receiving serious consideration for additive manufacturing and repair 
applications in the aerospace industry.  To be successful, these processes must 
work over a wide range of material deposition rates to combine affordability 
(requiring high deposition rates) with the ability to precisely deposit fi ne 
geometries (requiring low deposition rates). The goal of this modeling research 
is to identify paths through processing space yielding consistent melt pool sizes 
independent of material deposition rate, ultimately yielding rules of thumb 
useable by processing engineers.  Process variables to be controlled are beam 
power and translational speed.  

3:15 PM
Effect of Process Parameters on Electron Beam Melted (EBM) Additively 
Manufactured Components in  Ti-6Al-4V:    Micheal Blackmore1; Sinan Al-
Bermani1; Iain Todd1;  1University of Sheffi eld
     Additive layer manufacturing (ALM) in metallic materials has many potential 
applications and offers many advantages over conventional subtractive machining 
practices. However, ALM machines at present are yet to be fully utilised in a 
production environment due to lack of validation and process maturity.  An 
Arcam S12 EBM machine has been used to deposit near net components in 
titanium 6Al-4V (grade 5) alloy operating directly from CAD data.  The effects 
of changes in various process parameters such as beam speed, power, focus and 
scan strategy have been investigated and related to material integrity and as 
deposited surface fi nish.

3:40 PM  Break 

4:05 PM
Powder-Cored Tubular Wire Manufacturing for Electron Beam Freeform 
Fabrication:     Christine Hillier1; Marcia Domack2; Robert Hafl ey2; Stephen Liu1;  
1Colorado School of Mines; 2NASA Langley Research Center
     Powder-cored tubular wires exhibit great fl exibility in terms of fi nal deposit 
composition when used in conjunction with a heat source, whether arc, laser or 
electron beam. By modifying the core composition, a wide range of chemical 
compositions can be easily produced. With known alloy recovery, powder-cored 
tubular wires can be used to produce deposits of custom chemical composition. 
In this work, the manufacturing process of titanium-based cored tubular 
wires is discussed. These tubular wires are manufactured via U-O bending of 
CP-Ti Grade 2 strip metal, with a core of Ti-Al-V powder.  By adjusting the 
powder composition, the aluminum loss observed in wire-based electron beam 
processing can be mitigated. Using a button melting technique, custom powder 
compositions are being developed with enhanced Al and V chemistries to 
account for alloy losses, as well as sheath metal compositions.

4:30 PM
Structure-Property-Process Optimization in the Rapid-Layer 
Manufacturing of Ti-6Al-4V Components by Electron Beam Melting: 
Sara Gaytan1; Lawrence Murr1; Edwin Martinez1; Daniel Hernandez1; Stella 
Quinones1; Francisco Medina1; Ryan Wicker1;  1University of Texas
     Rapid prototype (RP) manufacturing using Ti-6Al-4V powder and electron 
beam melting (EBM) has presented the prospects of microstructure-property 
control within small volumes and linear dimensions of <1 mm.  Utilizing 
optical and electron microscopy (SEM and TEM), it has been demonstrated that 
alpha (hcp) acicular platelet dimensions and dislocation substructures within 
these platelets, composing simple build geometries, can be varied with related 
variations in hardness, tensile strength, and elongation.  These structure-property 
variations occur by thermal differences as a consequence of beam current, focus, 
and scan rate or scan sequencing.  In addition, during layer building various 
defects can be created by beam tripping and related phenomena. These include 
spherical or irregular voids ranging from a few microns to tens of microns in 
diameter as well as porous zones of even larger dimensions which result from 
non-melting or local variations in liquid-phase sintering.  Examples of these 
build-related defects will be described.  

4:55 PM
Laser Surface Modifi cation of 2024 Al Alloy to Enhance Thermal 
Conductivity:     Amit Bandyopadhyay1; B. Vamsi Krishna1; Susmita Bose1; W. M. 
Keck1;  1Washington State University
     With rapid advances in microelectronics particularly in the areas of 
miniaturization with increased power and greater functionality, innovative heat-
removal materials as well as techniques are needed for thermal management 
of active devices for next generation military and commercial applications. 
Different approaches have been used to make materials with properties suitable 
for thermal management applications, but not via surface modifi cation. We 
have examined the feasibility of enhancing thermal conductivity of 2024 Al by 
depositing 80Cu-20Mo using a Laser Engineered Net Shaping (LENS\\153;). 
Coatings of 667 2.5 micron thickness were formed with metallurgically sound 
interface. Results showed an 87% increase in the thermal conductivity of 2024 
Al alloy. The coating approach in combination with LENS\\153; process can 
also be used to deposit high TC materials in desired locations to reduce ‘hot 
spots’. The presentation will discuss materials and manufacturing issues related 
to laser surface modifi cation of 2024 Al alloy to enhance thermal conductivity.

5:20 PM
Spheroidisation and Oxide Disruption Phenomena in Direct Selective Laser 
Melting (SLM) of Pre-Alloyed Al-Mg and Al-Si Powders:    Eyitayo Olakanmi1; 
Robert Cochrane1; Kenneth Dalgarno2;  1University of Leeds; 2University of 
Newcastle
     Spheroidisation and oxide disruption phenomena in the direct laser melting 
of pre-alloyed Al-Mg and Al-Si powders had been explored. Spheroidisation 
is interpreted in terms of Raleigh’s instability, Marangoni convection, laser 
absorptivity, heat conductivity, fl uidity of the melt volume and the powder’s 
oxide content. Balling occurred only in the single layer parts due to the lower 
thermal conductivity of the bed and possibly the difference in wettability of 
the powder bed and sintered layers. The existence of a high degree of thermal 
expansion mismatch between the oxide fi lm and the parent metal and a uniform 
oxide layer thickness were found to favour the disruption of the oxide shell 
promoting inter-particulate melting across the layers. This was the case for Al-Si 
parts, whereas SLM of pure aluminium and pre-alloyed Al-Mg powders gave 
rise to high incidence of randomly distributed pores.

Materials Processing Fundamentals: Process 
Modeling
Sponsored by:  The Minerals, Metals and Materials Society, TMS Extraction and 
Processing Division, TMS: Process Technology and Modeling Committee
Program Organizer:   Prince Anyalebechi, Grand Valley State Univ

Monday PM Room:  2016
February 16, 2009 Location:  Moscone West Convention Center

Session Chair:   Prince Anyalebechi, Grand Valley State University

2:00 PM
Solidifi cation Stresses in Steel for Continuous Casting Conditions:     Matthew 
Rowan1; Brian Thomas1; Robert Pierer2; Christian Bernhard2;  1University of 
Illinois; 2University of Leoben
     Measuring stress development in solidifying steel is very diffi cult.  The 
submerged split cell tensile (SSCT) test can measure force developed in a 
cylindrical shell of steel during solidifi cation under controlled conditions 
identical to continuous casting.  Determining the stress profi le is diffi cult given 
the nonuniform temperature and strength across the shell.  A computational 
model of thermal-mechanical behavior during solidifi cation is applied to simulate 
the SSCT test.  The 2-D axisymmetric elastic-viscoplastic fi nite-element model 
features different mechanical properties for delta-ferrite and austenite that vary 
with temperature and strain rate. The model successfully matched measurements 
of 1) temperature history; 2) shell thickness; 3) solidifi cation force; and 4) 
failure location.  The results show the effect of carbon content on critical failure 
strain, and stress profi les, which depend on the phase fraction history.  The SSCT 
test and validated model together is a powerful analysis tool of hot tear crack 
formation and other phenomena in continuous casting.  



2009
138th Annual Meeting & Exhibition

M
O
N
D
A
Y

P
M

110

2:15 PM
Numerical Simulation of Continuous Casting Process of Bloom by Finite 
Point Method:    Seyed Ahmad Jenabali Jahromi1; Mostafa Alizadeh1; S. Behrouz 
Nasihatkon1;  1Shiraz University
     In this paper a meshless method called Finite Point Method (FPM) is 
developed to simulate the solidifi cation process of continuously cast bloom 
steel in both primary and secondary cooling region. The method is based on 
the use of a weighted least-square interpolation procedure. A transverse slice of 
bloom as it moves with casting speed is considered as computational domain. 
The two dimensional heat transfer equation together with temperature dependent 
thermophysical properties is solved in the computational domain. The enthalpy 
method is used to calculate the latent heat. The present work is verifi ed in the 
mold region by the comparison of the surface temperature simulated by FPM and 
fi nite volume method (FVM) and also comparison of solidifi ed shell thickness 
simulated by FPM and measured on a breakout bloom. For secondary cooling 
region the validation is done by comparison of the surface temperature simulated 
by FPM, FVM and thermovision measurements. 

2:30 PM
Numerical Simulation of Stress Field in a Wide Slab Mold of Peritectic Steel 
Continuous Casting:    Min Chen1; Liang Zhao1; Yongkuan Yao1;  1Northeastern 
University
     A numerical simulation of the stress fi eld of the solidifi ed shell in the mold 
during continuous casting of peritectic steel slab was calculated with commercial 
software. The results showed that the maximal stress on wide face of the solidifi ed 
shell was located at the corner and near middle of the slab, and it increased 
with increasing the width of slab. In addition, the stress was also infl uenced 
by operating parameters such as super heat degree, drawing speed and cooling 
intensity of the mold, and the maximal stress value and its position changed with 
these parameters. For the slab with section size of 3200mm×150mm, the proper 
drawing speed was around 1.2m/min, with cooling intensity of 5500L/min wile 
the super heating rate was 15°C to 25°C in order to prevent longitudinal crack 
happening during peritectic steel continuous casting.

2:45 PM
Modeling the Effects of Processing Variables in Simple Castings of Actinide 
Metal:   Paula Crawford1; Deniece Korzekwa1;  1Los Alamos National Lab
     The application of modern computer modeling and simulation techniques 
to materials processing can aid in providing valuable insight into the effects 
of process variables and mold design variations on the fi nal casting product. A 
computer model was developed to simulate the casting process using a multi-
physics computational modeling package.  The effects of mold design variations 
on the solidifi cation rates and fi nal product phase stability are evaluated through 
modeling.  Additional sensitivity analysis of various processing variables 
provides an indication of the process controlling variables.   Combining the 
results of the simulation with the experimental casting results should provide 
a better understanding of the effect of process variables on the casting of 
plutonium metal.

3:00 PM
Simulation of Microstructure Evolution during Solidifi cation of Magnesium 
Alloys:   Hebi Yin1; Sergio Felicelli2;  1CAVS, Mississippi State University; 
2Department of Mechanical Engineering, Mississippi State University
     A coupled cellular automaton(CA) - fi nite element(FE) model was developed 
to calculate the growth of dendrites during the solidifi cation of cubic and 
hexagonal metals. The model solves the conservation equations of mass, energy 
and solutes in order to calculate the temperature fi eld, solute concentration 
and the growth morphology of dendrites, including the grain structure and the 
dendritic microstructure. Validation of the model was performed by comparing 
the simulation results with experimental data from previously published works, 
showing qualitatively good agreement in the dendritic morphology. Application 
to magnesium alloy AZ91 illustrates the diffi culty of modeling dendrite growth 
in hexagonal systems, observed as deviations in growth direction caused by 
mesh-induced anisotropy. The model was applied to the simulation of small 
specimens with single- and multiple- equiaxed grain growths and columnar 
grain growth in directional solidifi cation. The infl uence of cooling rate and some 
kinetics parameters on the grain morphology are also discussed. 

3:15 PM
Experimental and Numerical Modelling of the Flow Field in an Industrial 
Bronze Caster – Improving the Numerical Model:    Sven Eck1; James Evans2; 
Abdellah Kharicha1;  1University of Leoben; 2University of California Berkeley
     In previous work the infl uence of the casting speed on the fl ow fi eld and the 
shape of the solidifi cation front in an industrial 0.82x0.25x0.8m³ bronze caster 
had been investigated. Both numerical and experimental model represented 
1:1 the real caster geometry. A comparison of the results of both numerical and 
experimental models for the fl ow during the casting process showed a good 
agreement in the qualitative velocity fi elds(fl ow direction and vortex formation). 
This work represents a parameter study of the numerical model with variations 
of the turbulence conditions at the inlet in order to clarify their infl uence on the 
fl ow fi eld in the caster. In order to fi nd the best boundary condition at the inlet, 
the numerical calculations for water have been compared with the measured 
fl ow fi elds in the water model. The new boundary conditions were then applied 
to the numerical model of the bronze casting process.

3:30 PM  Break 

3:45 PM
Advances on Multiscale Design of Deformation Processes for the Control of 
Material Properties:   Nicholas Zabaras1; Babak Kouchmeshky1;  1Cornell Univ
     We will review advances on the development of a robust design methodology for 
achieving desired distribution of macro-scale properties in polycrystal plasticity 
problems during metal forming processes. The polycrystal is represented by an 
orientation distribution function using the Rodrigues parameterization. Using 
this continuum representation of texture the underlying texture is allowed 
to evolve during the process. An updated Lagrangian framework is used in 
modeling the fi nite deformation processes. A multi-scale sensitivity analysis is 
utilized for calculating the sensitivity of the macro-scale properties with respect 
to the perturbation in process parameters. The multi-scale sensitivity analysis is 
used in a gradient optimization framework for achieving the desired distribution 
of the macro-scale properties. The effectiveness of the methodology is shown 
through controlling properties such as ductility and hardness of the product 
in a metal forming process. Process conditions (e.g. forging velocity, die and 
performs) and initial texture are used as the design parameters.

4:00 PM
Simulation of the Filling of Moulds by the Method FEM/CV in Techniques 
RTM:   Jamal Samir1; Hattabi Mohamed1;  1ENSEM
     In the course of this study, the simulation of the resin fl ow in the RTM process 
is developed by the control volume fi nite element method (CVFEM) coupled 
with the equation of the free surface location. This location is made by means of 
the so called “Volume of Fluid” methods or VOF. Thus, the position of the fl ow 
front, the time-lapse and the rate of the non saturated zone are calculated at every 
step. Our results will be compared with the experimental and analytical models 
in the literature. On the whole, our study is concerned with the simulation of the 
thermally insulated fi lling of moulds in RTM process while adopting the CVFEM 
and VOF method, taking into account the presence of obstacles, coupled with 
the thickness variation effect and the reinforcement coats.

4:15 PM
A Comparison of Gas and Low Pressure Carburization of 9310 and 
8620 Steels - A Numerical Simulation Study:    Gang Wang1; Mohammed 
Maniruzzaman1; Richard Sisson1;  1Worcester Polytechnic Institute
     A comparative study of gas carburization and low pressure carburization 
processes has been performed using CHTE’s numerical simulation software 
– CarbTool.  CarbTool is a 1-D carbon diffusion model developed based on the 
thermodynamics and kinetics of the carburization process.  The model is capable 
of simulating the complex boost-diffuse processes used in the industry.  The 
output of CarbTool is the carbon concentration distribution inside the part.  Two 
steels- 9310 and 8620 are investigated in this study. The quenching process of 
carburized rods is simulated using DANTE/ABAQUS FEM software.  Results 
are compared in terms of carbon profi le, microstructures and residual stresses.

4:30 PM
A Diffusion Model for the Prediction of a-Case Depth during Heat Treatment 
of Ti-Alloys:    Stephen Brown1; Daniel Clark2; Steven Tuppen2;  1Swansea 
University; 2Rolls-Royce Plc
     A Fickian model of oxygen diffusion in alpha-beta titanium alloys has been 
developed. It is well known that the diffusion of oxygen into the surface of Ti-
alloys gives rise to a potentially harmful outer layer of a-phase. The validated 
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computer model of diffusion can be used to predict likely penetration depths 
of alpha-case for different times and temperatures. This work was carried 
out specifi cally to provide information on likely a-case depths that might be 
expected for various heat-treatments. Small amounts of oxygen within the 
vacuum heat treatment chambers are considered. The code has been compared 
to existing alpha-case experimental data and presentation of simulated results in 
convenient design diagram format is described.  Effi ciency in defi nition of effect 
can determine economics and process performance.  While established codes 
have general predictors for given temperatures and cooling rates these do not 
currently allow discrimination due to the effects of diffusion with microstructural 
variation.

4:45 PM
Numerical Simulation of Welding Arc and Weld Shape Variations under 
Helium Shielded GTA Welding:     Dong Wenchao1; Lu Shanping1; Li Dianzhong1; 
Li Yiyi1;  1Shenyang National Laboratory for Materials Science, Institute of 
Metal Research, Chinese Academy of Sciences
     A numerical modeling of welding arc and weld pool is established for moving 
helium shielded GTA welding to investigate the effect of surface active element 
oxygen on the weld shapes. For different oxygen content from 20 to 200ppm, the 
simulation results showed that the weld shape is decided by the pool fl ow patterns, 
which are driven by the surface tension, gas shear force, electromagneric force 
and the buoyancy force. The surface tension induced Marangoni convection 
plays an important role on the weld shape. Small addition of oxygen can change 
the Marangoni convection from outward to inward direction on liquid pool, and 
make the wide shallow weld shape become narrow deep one. The weld D/W 
ratio under high oxygen content decreases with increasing welding speed, but it 
is not sensitive to the welding speed under low oxygen content. The experimental 
results agree well with the predicted results by numerical simulation.

Mechanical Behavior of Nanostructured Materials: 
Nanostructures by Severe Plastic Deformation
Sponsored by:  The Minerals, Metals and Materials Society, TMS Electronic, 
Magnetic, and Photonic Materials Division, TMS Materials Processing and 
Manufacturing Division, TMS Structural Materials Division, TMS: Chemistry and Physics 
of Materials Committee, TMS/ASM: Mechanical Behavior of Materials Committee, TMS: 
Nanomechanical Materials Behavior Committee
Program Organizers:        Xinghang Zhang, Texas A & M University; Andrew  Minor, 
Lawrence Berkeley National Laboratory; Xiaodong Li, University of South Carolina; 
Nathan Mara, Los Alamos National Laboratory; Yuntian Zhu, North Carolina State 
University; Rui Huang, University of Texas, Austin

Monday PM Room:  3024
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Yuntian Zhu, North Carolina State University; Michael  
Zehetbauer , University of Vienna

2:00 PM  Invited
Using ECAP for the Processing of Magnesium and Other Similar Diffi cult-
to-Work Alloys:   Roberto Figueiredo1; Terence Langdon1;  1University of 
Southern California
     Magnesium and other similar diffi cult-to-work alloys, such as titanium, often 
present challenges for successful processing by equal-channel angular pressing 
(ECAP).  This presentation examines these diffi culties and discusses possible 
solutions.  Examples are presented showing the exceptional properties that may 
achieved through the successful pressing of magnesium-based alloys.

2:20 PM
Strategies for Improving the Ductility of Nanostructure/Ultrafi ne-Grained 
Metals without Sacrifi cing Strength:    Yonghao Zhao1; Enrique Lavernia1; 
Yuntian Zhu2;  1University Of California, Davis; 2North Carolina State Univ
     The strength and ductility of structural materials are frequently inversely 
related. In other words, high strength is often accompanied by low ductility, 
and vice versa. Inspection of the scientifi c literature reveals that this is also 
the case for nanostructured and ultrafi ne-grained materials, which are usually 
strong, but with accompanying low ductility levels. Conventional approaches 
to improve ductility often yield a loss of strength. This talk presents several 
approaches that can be effectively implemented to increase the ductility of 

nanostrutured/ultrafi ne-grained materials while simultaneously improving or at 
least maintaining their strength.  The fundamental mechanisms that underlie the 
proposed approaches are discussed in this talk.

2:35 PM
Correlations between Texture and Mechanical Properties of Mg and Cu 
Processed by High-Pressure Torsion:        Bartlomiej Bonarski1; Nariman Enikeev2; 
Erhard Schafl er1; Bernhard Mingler1; Borys Mikulowski3; Ruslan Valiev2; 
Michael Zehetbauer1;  1University of Vienna; 2UFA State Aviation Technical 
University; 3AGH - University of Science and Technology, Cracow
     Ultrafi ne grained and nanocrystalline metals processed by Severe Plastic 
Deformation (SPD) reveal outstanding mechanical properties, especially 
a considerable ductility at still enhanced strength. While the latter can be 
quantitatively associated to the grain refi nement, the ductility is still under 
dispute. This work aims at clarifi cation by investigating both the texture evolution 
and the hardening characteristics during and after HPT processing of Mg and 
Cu. Deformations by  HPT (High Pressure Torsion) have been achieved up to 
shear strains g = 120 with hydrostatic pressures between 1 and  6 GPa. While 
HPT processed Cu exhibits marked shear textures with only little infl uence of 
hydrostatic pressure, that of Mg shows massive recrystallization which even 
ceases the further evolution of shear textures and of grain refi nement. The 
extent and the nature of recrystallization depend on the prestrain, the hydrostatic 
pressure and the alloy content, which has a direct infl uence to the macroscopic 
mechanical properties.

2:50 PM
Mechanical Properties of Ultrafi ne-Grained Cu with Bimodal Grain Size 
Distribution: Yonghao Zhao1; Troy Topping1; Ying Li1; Ruslan Valiev2; Yuntian 
Zhu3; Enrique Lavernia1;  1University of California at Davis; 2Institute of Physics 
of Advanced Materials, Ufa State Aviation Technical University; 3Department of 
Materials Science and Engineering, North Carolina State University
     A bimodal grain size distribution was investigated as an effective strategy 
to enhance the ductility of nanostructured materials.  In this work, we studied 
the infl uence of a bimodal grain size distribution on the mechanical properties 
of ultrafi ne grained (UFG) Cu.  The UFG Cu samples were prepared by equal-
channel angular pressing, Bc, route by 2 and 16 passes, respectively.  The samples 
were then were annealed at 250 C for different times to attain a bimodal grain 
size distribution.  We found with increasing annealing time (fraction of coarse 
grains), the yield strength values of both samples decreases, and the ductility 
increases gradually.  The microstructural origin of the observed behavior is 
discussed in detail in the lecture.

3:05 PM  Invited
Ultrahigh Tensile Ductility and High Strength in Nickel via Cryo-Milling 
and Quasi-Isostatic Forging:          Yonghao Zhao1; Troy Topping1; Ying Li1; John 
Bingert2; A.M. Dangelewicz2; Peiling Sun3; Yuntian Zhu4; Yizhang Zhou1; 
Enrique Lavernia1;  1University of California at Davis; 2Los Alamos National 
Laboratory; 3Department of Materials Science and Engineering, Feng Chia 
University; 4Department of Materials Science and Engineering, North Carolina 
State University
     The limited ductility of nanocrystalline/ultrafi ne-grained materials has 
emerged as a singular issue in the study and application of this novel class 
of materials. Numerous investigators have addressed this topic, with varying 
degrees of success, via a variety of approaches, most of which can be grouped 
into two general categories: microstructural design and introduction of alternative 
deformation mechanisms. In this talk, results are reported obtained with fi ne-
grained Ni and bimodal grained Ni (mixture of fi ne grains and coarse grains) 
prepared by cryo-milling and subsequent quasi-isostatic forging (formerly known 
as Ceracon forging). In tension, the fi ne-grained Ni shows remarkable strength 
and ductility, yielding at 470 MPa with 42% elongation to failure. The bimodal 
Ni shows lower strength and higher ductility, yielding at 310 MPa with 49% 
elongation to failure. In contrast, the coarse-grained Ni, processed by annealing 
the fi ne-grained Ni at 1000 C for 10 hours, has a yield strength of 150 MPa 
and elongation to failure of 48%. The combination of strength and ductility of 
our Ni is superior to those of the nanocrystalline/ultrafi ned-grained Ni prepared 
by electrodeposition, cryo-rolling, and equal-channel angular pressing methods. 
The microstructural origins for such combinations of good strength and high 
ductility will be discussed.
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3:25 PM
Microstructure and Mechanical Properties of Cu-Al2O3 Nanocomposites 
Prepared by High Energy Mechanical Milling and Thermomechanical 
Powder Consolidation:     Deliang Zhang1; Aamir Mukhtar1; Charlie Kong2; Paul 
Munroe2;  1University of Waikato; 2University of New South Wales
     Cu matrix nanocomposite powders with each of the powder particles 
consisting of a dispersion of nanometer sized (2.5-10)vol.%Al2O3 particles 
were synthesized by high energy mechanical milling (HEMM) of a mixture 
of Cu and Al2O3 powders. HEMM also results in reduction of the grain sizes 
of the Cu matrix to submicrometer or nanometer range. Bulk nanocomposite 
samples were prepared by powder consolidation of the nanocomposite powders 
using thermomechanical processes such as hot pressing, upset forging and 
extrusion. The microstructure and mechanical properties of the samples were 
studied as a function of the consolidation conditions, with the aim of establishing 
a correlation between the microstructure and mechanical properties of the 
materials and determining the effect of consolidation defects on mechanical 
properties. This paper is to present an overview of the major fi ndings from this 
study and discuss the effects of various factors on the mechanical properties of 
Cu matrix nanocomposite.

3:40 PM  Break 

3:50 PM  Invited
Grain Boundaries Interface Phenomena and Mechanical Properties of 
Ultrafi ne-Grained Metals:  Ruslan Valiev1;  1UFA State Aviation Technical 
University
     In the present report using variations of regimes and routes of severe plastic 
deformation (SPD) processing we show for several light alloys (Al, Mg and 
Ti) the ability to produce ultrafi ne-grained (UFG) materials with different grain 
boundaries, and this can have a dramatical effect on mechanical behaviour of 
the processed materials, particular, on their strength and ductility, fatigue or 
superplasticity. We demonstrate several examples of this approach for attaining 
superior strength and ductility as well as enhanced superplasticity at low 
temperatures and high strain rates in various UFG metals and alloys. The origin 
of these phenomena is discussed on the basis of the results of microstructural 
studies and observations of deformation mechanisms. Special emphasis is laid 
on the innovation potential and fi rst applications of SPD-produced nanometals.

4:10 PM
Simulation of Stress-Strain Characteristics and Microstructural Evolution 
of SPD Processed Nanomaterials:    Michael Zehetbauer1; Nariman Enikeev2; 
Christian Holzleithner1;  1University of Vienna; 2Ufa State Aviation Technical 
University
     The composite model by Zehetbauer  has proven to be successful in describing 
the hardening characteristics and specifi c dislocation densities of nanomaterials 
during and after SPD processing. For both cases, the model could be extended 
for correct simulation of the grain size and of the grain boundary thickness. 
Recently, at the example of Cu being processed by High Pressure Torsion 
(HPT), efforts were made  to predict also the mean misorientation as a function 
of accumulated strain and applied hydrostatic pressure. The results fi t best to 
the experimental data when a linear array of dislocation in the grain boundary is 
assumed. Differences left between simulation and experiment may be attributed 
to the failing of X-ray profi le analysis which detects too small dislocation 
densities when the dislocation distance in the grain boundary becomes smaller 
than 1 nm. 

4:25 PM  Invited
Development of Shear Drawing Process for the Spheroidization of Medium 
and High Carbon Steels: Industrial Application of ECAP:       Dong Shin1; Hyun 
H. Cho1; Young G. Ko2; Il-Heon Son3; KiHo Rhee3; Duklak Lee3;  1Dept. of 
Mater. Sci. & Eng.,Hanyang University; 2Dept. of Mater. Sci. & Eng.,MIT; 
3Technical Research Laboratory,POSCO
     Severe plastic deformation of metals utilizing ECAP has been recognized as 
one of the attractive methods for tailoring the ultrafi ne-grained microstructures 
which exhibit better performance in mechanical properties than those of the 
traditional metals where the deformation during ECAP is simply shear in 
nature. Particularly, with regard to obtaining good formability, this feature is 
also benefi cial for metals to break down lamellar structure in steel through 
the decomposition of pearlitic cementite phase. Therefore, it can be put to 
use for the industrial applications of steel-wire manufacturing when problems 
causing from the batch processing will be solved. The aim of this study is to 

propose the new-typed ECAP termed shear drawing (SD) by modifying the 
design of the die in order to avoid dimensional inhomogeneity. Moreover, the 
deformation characteristics and the microstructural changes associated with the 
spheroidization of carbon steel during SD are discussed and compared to results 
obtained by ECAP.

4:45 PM
Molecular Dynamics Simulations of Dislocation Activity in Single Crystal 
and Nanocrystalline Copper Doped with Antimony:    Rahul Rajgarhia1; 
Douglas Spearot1; Ashok Saxena1;  1University of Arkansas
     Recently published simulation results have indicated that high temperature 
grain growth in nanocrystalline copper can be suppressed by introducing dopant 
atoms at the grain boundaries [Millett et al., 2006]; however, the impact of grain 
boundary dopants on plastic behavior is still unclear.  In this work, molecular 
dynamics simulations are used to study dislocation activity in single crystal and 
nanocrystalline copper with low concentrations of antimony (0.0-2.0 at.%Sb).  
A new interatomic potential for Cu-Sb is developed in this work and used to 
model the dopant/host interatomic interactions.  In single crystal models, it is 
observed that the strained regions around the Sb atoms act as sources for partial 
dislocations and that the dislocation nucleation stress decreases with increasing 
concentration of antimony.  In nanocrystalline models, antimony atoms 
randomly dispersed along the grain boundaries alter the stress-strain response 
and subsequently the grain diameter at which the maximum strength is observed 
(modifi ed inverse Hall-Petch response).

5:00 PM
The Infl uence of Temporary Hydrogenation on ECAP Formability and Low 
Cycle Fatigue Life of CP Titanium:     Andrew Czerwinski1; Rimma Lapovok1; 
Dacian Tomus1; Yuri Estrin1;  1Monash University
     Titanium has been successfully competing with other metallic materials 
due to its high strength-to-density ratio. UFG titanium processed by ECAP can 
be made 30-120% stronger than conventional structural steel. However, the 
increase in tensile strength is often accompanied with decrease in the low cycle 
fatigue (LCF) life. The new opportunities to improve the LCF life come from 
the use of hydrogen as a temporary alloying element, which has been shown to 
enhance the properties of titanium. In particular, for some Ti alloys hydrogen 
induced ductility is in the low temperatures range, which is directly correlated 
with improved formability by ECAP and increased LCF life. Typically damage 
initiates from the surface, and, therefore, hydrogenation and the associated 
enhancement of the surface properties are benefi cial. The effect of hydrogenation 
on the improvement of ductility, formability by ECAP, and enhancement of LCF 
life of ultrafi ne grained titanium has been investigated.

5:15 PM
Mechanical Behavior during Tensile Straining of Nano/Ultrafi ne-Grained 
Structures Formed by Reversion in Metastable Austenitic Steels:      Sashank 
Nayak1; Sachin Mali1; Devesh Misra1; Mahesh Somani2; Pentti Karjalainen2;  
1University of Louisiana; 2University of Oulu
     The deformation behavior of nano/ultrafi ne-grained structures during 
tensile deformation has been examined by transmission electron microscopy 
in metastable austenitic steels. Special fi ne-grained structures were obtained 
by controlled reversion annealing of strain-induced martensite. Proper gradual 
strain hardening by the formation of ultra-fi ne martensite results in excellent 
tensile strength-ductility property combination. Twinning and dislocation glide 
were identifi ed as the primary deformation mechanisms in nano-/ultrafi ne-
grained structures. 

5:30 PM
Grain Refi nement and Mechanical Properties in Nanostructured Al and Al–
Mg Alloys Subjected to Severe Plastic Deformation:       Hans Roven1; Manping 
Liu1; Maxim Murashkin2; Ruslan Valiev2; Tamas Ungár3; Levente Balogh3;  
1Norwegian University of Science and Technology (NTNU); 2Ufa State Aviation 
Technical University; 3Eötvös University
     Bulk nanostructured materials can be produced by a variety of severe plastic 
deformation methods. The present work focuses on commercial purity Al and 
Al–Mg alloys subjected to high pressure torsion. The grain sizes are in the range 
10–200 nm with typical average values ranging from 46 to 120 nm. The hardness 
and strength values as well as the dislocation densities increased, whereas, the 
average grain size decreased signifi cantly with increasing Mg contents. The local 
dislocation densities in grain boundary and triple junction areas are two to three 
orders of magnitude larger than the average values. Extensive high-resolution 
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transmission electron microscopy observations reveal that these materials 
develop new nanostructures such as deformation nano-twins, stacking faults 
and non-equilibrium grain boundaries. The purpose of this work is to explore 
the impact of these nanostructures as well as Mg contents on grain refi nement 
mechanism and mechanical behavior in these materials.

5:45 PM
Effect of Microstructure on the Tensile Behavior of Ultrafi ne-Grained Cu: 
Pei-Ling Sun1; Chia-Hao Yang1; Chung-Yi Yu2; Yun-Jun Wang3; Po-We Kao3; 
Chih-Pu Chang3;  1Feng Chia University; 2China Steel Corporation; 3National 
Sun Yat-Sen University
     Pure Cu with ultrafi ne-grained (UFG) structure was produced by equal channel 
angular extrusion (ECAE) to an equivalent strain of ~8. Different UFG structures 
were obtained by performing ECAE either at ambient temperature (sample A) or 
at 373 K (sample B). Additionally, cryo-rolling was also applied to an ECAEed 
specimen in order to create an UFG structure with higher dislocation density 
and higher fraction of high angle boundaries (sample C). Low temperature 
annealing (<423 K) treatments were applied to introduce various amount 
of microcrystalline grains into these three different UFG matrices via partial 
recrystallization. The microstructures of these samples were characterized by 
TEM and SEM. Tensile properties were measured at room temperature. The 
infl uence of the microstructure of the UFG matrix as well as of the size and 
amount of microcrystalline grains on the tensile properties will be presented.

6:00 PM
The Effect of Milling Media and Time on Cryomilled 99.95% Pure Al:           Troy 
Topping1; Chris San Marchi2; Ying Li1; Zhihui Zhang1; Rustin Vogt1; Osman 
Ertorer1; Julie Schoenung1; Richard Karnesky2; Nancy Yang2; Enrique Lavernia1;  
1University of California, Davis; 2Sandia National Laboratories
     Aluminum powder (99.95% pure) was cryomilled in separate batches in liquid 
argon (LAr) and liquid nitrogen (LN2) to obtain a nanocrystalline structure.  
Samples were removed from the milling vessel every 4 hours to characterize 
the powders over a 24 hour period. Transmission electron microscopy (TEM) 
and x-ray diffraction (XRD) show differences in microstructural evolution 
during milling for the two different media. After cryomilling, powders removed 
after 12 and 24 hours for the LAr and 24 hours for the LN2 were hot vacuum 
degassed and consolidated via hot isostatic pressing (HIP).  After HIPping, bars 
were extruded for tensile testing.  The extrusions were analyzed for interstitial 
elemental composition to determine the uptake of nitrogen in all cases, since it is 
believed to contribute to the mechanical behavior of the consolidated aluminum.  
High resolution TEM is also employed to further investigate the microstructural 
contributions to the properties of the respective materials.

Microstructural Processes in Irradiated Materials: 
Radiation Effects II: Advanced Characterization and 
Fe-Cr Alloys
Sponsored by:  The Minerals, Metals and Materials Society, TMS Structural Materials 
Division, TMS/ASM: Nuclear Materials Committee
Program Organizers:     Christophe Domain, Electricite De France; Gary Was, 
University of Michigan; Brian Wirth, University of California, Berkeley

Monday PM Room:  2008
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Pascal Bellon, University of Illinois; Vasily Bulatov, 
Lawrence Livermore National Laboratory

2:00 PM  Invited
State-of-the-Art Positron Annihilation Techniques to Study Embedded 
Nano-Clusters in Metals:         Takeshi Toyama1; Yasuyoshi Nagai1; Koji Inoue1; 
Zheng Tang2; Masayuki Hasegawa1; Abderrahim Abderrahim3; Eric van Walle3; 
Robert Gerard4;  1Tohoku University; 2East China Normal University; 3SCK-
CEN; 4Tractebel Engineering
     We have developed a “positron quantum-dot” method for embedded nano-
clusters in metals using Coincidence Doppler Broadening (CDB) of positron 
annihilation. It features self-searching and gives exclusive information of atomic 
and electronic structures of the embedded clusters. It extends its applicability of 
positron annihilation other than that in the research fi eld of vacancy-type defects 

and has been successfully applied to studies of Cu nano-clusters in Fe-Cu model 
alloys and surveillance test specimens of nuclear Reactor Pressure Vessel (RPV) 
steels. Furthermore recently we developed new experimental techniques for the 
positron quantum-dots, (i) two dimensional angular correlation of annihilation 
radiation (2D-ACAR), and (ii) Age MOmentum Correlation (AMOC) between 
positron lifetime and Doppler broadening. From smearing of 2D-ACAR 
momentum distributions we can estimate sizes of Cu nano-clusters and from 
AMOC spectra we can obtain the chemistry and number densities of the nano-
clusters. Thus we clarify detailed evolution of the nano-clusters in Fe matrix.

2:30 PM  Invited
Imaging and Spectroscopy of Single Atoms and Point Defects through 
Aberration-Corrected STEM:               Stephen Pennycook1; M. Varela2; A. R. Lupini2; 
A. Y. Borisevich2; W. Luo1; S.-H. Oh3; K. Van Benthem4; S. Rashkeev5; K. Griffi n 
Roberts6; K. M. Krishnan6; J. García-Barriocanal7; C. Leon7; J. Santamaría7; S. 
T. Pantelides1;  1Oak Ridge National Laboratory - and - Vanderbilt University; 
2Oak Ridge National Laboratory; 3Korea Basic Science Institute; 4University 
of California, Davis; 5Idaho National Laboratory; 6University of Washington; 
7GFMC, Universidad Complutense de Madrid
     In recent years the probe size in the scanning transmission electron microscope 
has decreased more than a factor of two, bringing improved resolution both 
laterally and vertically. In addition, the smaller, sharper probe provides greatly 
increased signal to background ratio, enabling the study of single atoms inside 
materials for the fi rst time. In Si nanowires individual Au interstitials are seen 
that match well in both atomic position and relative formation energies with 
density functional calculations. Single atom sensitivity has also been achieved 
in electron energy loss spectroscopy, which can not only positively identify the 
element, but also, from the fi ne structure, provide information on local bonding, 
band structure and carrier concentration. Several examples will be shown of oxide 
materials and heterostructures where spectroscopic analysis reveals the origin of 
surprising bulk properties including ferromagnetism in Co-doped anatase and 
collosal ionic conductivity in Y-stabilized ZrO2/SrTiO3 heterostructures. This 
research was sponsored by the Offi ce of Basic Energy Sciences, Division of 
Materials Sciences and Engineering, US Department of Energy and NSF/ECS 
No. 0224138.

3:00 PM
JANNUS: A New Multi-Ion Irradiation Facility to Study the Stability of 
Nano-Oxides in ODS Materials:      Ribis Joël1; de Carlan Yann1; Boulanger 
Loic1; Serruys Yves1; Trocellier Patrick1;  1CEA
     Ferritic ODS alloys are primary candidates as long life cladding materials for 
the Sodium Fast Reactor (SFR) developed in France in the frame of Generation 
IV research program. These alloys exhibit a fairly high resistance to swelling 
under neutron irradiation and the embedded oxide dispersion helps to preserve 
good mechanical properties at high temperature. Previous experimental studies 
have shown a partial dissolution of some oxides under neutron irradiation. 
However, a relative stability of the nano-oxide particles has been reported under 
ion irradiation experiments even at a damage level up to 200 dpa.1 Then, the 
behaviour of ODS alloys under ion irradiation at high damage dose has to be 
clarifi ed using multi-ion irradiations. The new multi-ion irradiation facility 
JANNUS which is in completion at CEA Saclay and CNRS Orsay will be 
described in details and the future irradiation experiments on ODS alloys will be 
discussed. 1T.R. Allen et al., J. Nucl. Mater. 375, 2008, pp. 26-37.

3:20 PM
Effect of Grain Size on the Radiation Resistance of Materials:  Steven Zinkle1;  
1Oak Ridge National Laboratory
     Creation of a high density of point defect sinks in the form of nanoscale 
grain boundary interfaces offers a potentially attractive solution to the problem 
of developing radiation –resistant materials for fusion and Generation-IV fi ssion 
energy systems, where the structural materials may be exposed to unprecedented 
high displacement damage levels. This presentation summarizes experimental 
observations on several materials that demonstrate the effectiveness of small 
grain sizes on inhibiting defect cluster nucleation and growth during irradiation. 
Whereas nanoscale grain dimensions may be very effective in improving 
radiation damage resistance, grain dimensions on the order of 100-5000 nm 
may under some conditions produce an acceleration of radiation damage. This 
enhanced retention of radiation damage can occur for example if the grain size is 
intermediate between the mean diffusion lengths for vacancy and interstitial type 
defects. Several caveats to using fi ne-grained materials will be noted, including 
the potential for radiation-enhanced grain coarsening.
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3:40 PM  Break 

4:00 PM  Invited
Density Functional Based Modeling of FeCr Alloys:  Par Olsson1;  1EDF 
R&D
     FeCr alloys have garnered renewed interest during the last years, due to the 
foreseen use of Ferritic/Martensitic steels of high Cr content in future nuclear 
installations. Especially interesting as a model system is the binary FeCr since 
the Cr content has a major infl uence on the evolution of the mechanical properties 
in irradiated Ferritic/Martensitic alloys. Experimentally, these alloys have 
been studied for over 40 years, but for a long time the understanding of many 
observed effects was lacking. Already 20 years ago calculations appeared that 
indicated the relevance of the concentration, in terms of the inversion of short 
range ordering around 10% Cr. However, these studies were not extensively 
followed up until recently. Here we will discuss the latest developments in the 
modeling, based on density functional theory, of thermodynamics and defect 
properties in FeCr alloys and how the understanding of the microscopic origins 
of macroscopic effects is evolving.

4:30 PM
Heavy-Ion Irradiation Damage in Fe-Cr Alloys:    Sen Xu1; Zhongwen Yao1; 
Mike Jenkins1;  1University of Oxford
     Bulk Fe-Cr specimens (of thickness about 100 μm and with Cr contents 
ranging from 0-12%) were irradiated with dual-energy iron ions (0.5 and 2 
MeV) at Surrey Ion Beam Centre at temperatures of 300°C and 500°C to doses 
up to 7dpa. TEM experiments showed that the radiation damage took the form 
of dislocation loops of interstitial nature with sizes up to 100nm. The average 
loop size was about four times larger at the higher irradiation temperature. In 
Fe-Cr alloys, both b = <100> and b = ½<111> loops were present in roughly 
equal proportions at both temperatures. However, in the pure Fe, b = ½<111> 
loops predominated at 300°C whilst b = <100> loops predominated at 500°C. 
Comparisons of this work with parallel in-situ experiments in which ion 
irradiations were performed on TEM specimens in the form of thin foils will 
also be reported.

4:50 PM
Cluster Dynamics Modeling of Microstructural Evolution of Ferritic 
Martensitic Steels under High Energy Ion Irradiation:    Donghua Xu1; 
Francois Gallet1; Brian Wirth1;  1University of California, Berkeley
     The design goals of higher temperatures, higher radiation doses and higher 
energy neutron spectrum for future fi ssion and fusion reactors demand new 
advanced materials with superior resistance to irradiation damages. Typical 
irradiation damages such as hardening, embrittlement, swelling, creep, 
precipitation etc., are all closely related to the generation and clustering of 
point and small fragmented defects, the fundamental reason for microstructural 
changes and subsequent mechanical property degradation under irradiation. 
Here we present our rate theory based modeling of cluster evolution in both 
compositional and geometric spaces under high energy ion irradiation. 
Particularly, we calculate the concentrations of interstitial loops and voids as a 
function of multiple variables including time, number of interstitials/vacancies, 
spatial position, dislocation densities, temperature, dose and dose rate, impurities 
and so on. Our calculations are compared with coordinated in-situ transmission 
electron microscopy irradiation studies performed by others.

5:10 PM
Microstructure Evolution of Fe-9Cr-0.1C and Fe-12Cr-0.1C Model 
Martensitic Steels Ion-Irradiated In-Situ in a TEM:    Djamel Kaoumi1; Arthur 
Motta1; Mark Kirk2;  1The Pennsylvania State University; 2Argonne National 
Laboratory
     Two model martensitic steels of compositions Fe9Cr0.1C and Fe12Cr0.1C 
are irradiated with 1 MeV Kr ions at 400°C to doses of 10 dpa in-situ in a TEM. 
These model materials have been processed to exhibit lath microstructures 
similar to those found in commercial steels. The microstructure evolution 
under irradiation –black dot density, nature and number density of defect 
clusters present,and stability of as-fabricated microstructure – is followed and  
characterized using weak-beam dark-fi eld imaging and g.b analysis. The goal 
of the irradiations is to perform a direct determination of the spatial correlation 
of the time evolution of the irradiation-induced defect structures with the pre-
existing alloy microstructure including lath boundaries, network dislocations and 
carbides, for comparison with computations. These results will be summarized 
in this paper.

5:30 PM
In-Situ Ion Irradiations of Iron-Chromium Alloys:      Carolyn Tomchik1; Mark 
Kirk2; Maria Okuniewski3; James Stubbins1; Stuart Maloy4;  1University of 
Illinois at Urbana-Champaign; 2Argonne National Laboratory; 3Idaho National 
Laboratory; 4Los Alamos National Laboratory
     Iron-chromium alloys are used as a model to study the microstructural 
evolution of defects in irradiated structural steel components of a nuclear 
reactor. We examine the effects of temperature and chromium concentration 
on the defect evolution, segregation behaviour, and second phase precipitation 
in the early stages of damage. In-situ irradiations are conducted at the IVEM-
Tandem facility at Argonne National Laboratory at 300°C, 450°C, and 550°C 
with 150keV Fe ions in single crystal Fe14Cr and Fe19Cr bicrystal to doses 
of 2E15 ions/cm2. The microstructures of the irradiated iron-chromium alloys 
are characterized by analysis of TEM micrographs and compared with those of 
pure iron.

Nanocomposite Materials: Polymer Nanocomposites
Sponsored by:  The Minerals, Metals and Materials Society, TMS Structural Materials 
Division, TMS Electronic, Magnetic, and Photonic Materials Division, TMS/ASM: 
Composite Materials Committee, TMS: Materials Characterization Committee, TMS: 
Nanomaterials Committee
Program Organizers:      Jonathan Spowart, US Air Force; Judy Schneider, Mississippi 
State University; Bhaskar Majumdar, New Mexico Tech; Benji Maruyama, Air Force 
Research Laboratory

Monday PM Room:  3020
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Karen Winey, University of Pennsylvania; Judy Schneider, 
Mississippi State Univ

2:00 PM  Introductory Comments 

2:05 PM  Invited
Inside Polymer Nanocomposites – Interphases, Gradients and Percolation: 
Catherine Brinson1; Rui Qiao1; Supinda Watcharotone1;  1Northwestern 
University
     Polymers with small loadings of nanoparticles exhibit dramatic changes in 
thermomechanical properties, in large part due to the development of interphase 
zones of altered polymer properties near the interfaces. Given the enormous 
surface-to-volume ratio for nanoparticles, the interphase volume fraction can 
dwarf that of the inclusions and percolate through the composite. Experimental 
evidence of the existence of this interphase region is presented for several 
nanofi ller types via local and global glass transition changes and microscopy. By 
properly controlled functionalization of the nanoscale inclusions, we can impact 
the properties of the interphase region and the nanocomposites. The nature of the 
properties of this interphase region and the gradient in properties away from the 
nanofi ller is probed by novel nano-DMA experiments on model nanocomposite 
systems. In conjunction with the experimental results, the concept of percolated 
interphase is investigated by a fi nite element approach which accounts for an 
interphase region of gradient properties.

2:30 PM
In Situ FTIR Studies on Double Wall Carbon Nanotube Composites of High 
Volume Percent:     Scott Brownlow1; Alexander Morvasky2; Nikolai Kalugin1; 
Bhaskar Majumdar1;  1New Mexico Tech; 2MER Corporation
     While carbon nanotube (CNT) based polymer composites have drawn attention 
in recent years, the potential has been limited by the low volume fraction and 
poor load transfer to the nanotubes. Here, we have utilized functionalized mats 
of double walled nanotubes (DWNT) to develop strong epoxy based composites 
with 10 - 13 weight percent DWNT. In addition, we utilized the FTIR technique 
using in situ loaded specimens to monitor the changes in vibrations, with 
the goal of understanding load transfer behavior. Tests with neat epoxy and 
composite samples show that the stretching of epoxy bonds is greatly reduced 
in the composite at equal stress. We will attempt to show that in situ FTIR 
using current instruments and analysis procedures provides a means to tap this 
understanding and improve CNT composites. Our work is complemented with 
in situ Raman studies of the embedded DWNT that also shed insight on load 
sharing behavior.
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2:50 PM
Magnet-Polymer Nanocomposites for Shape Changing Structures:   Raju 
Ramanujan1; V Nguyen1;  1Nanyang Technological University
     There is an urgent need for intelligent shape changing structures for energy, 
biomedical and structural health monitoring applications. However, current 
materials either have low strains or are too slow for many practical applications. 
MAGPOL, a composite containing MAGnetic nanoparticles in a soft POLymer 
matrix is capable of large deformation and fast response, hence is very attractive 
for novel shape changing structures. An external magnetic fi eld can be used 
to apply forces on the particles, leading to fast shape change of the composite 
in contraction, elongation, defl ection and torsion modes. The extent of shape 
deformation as a function of magnetic fi eld strength was found to be highly 
nonlinear, large stress and strain was achieved with MAGPOL. MAGPOL can 
also act as a sensor, the resistance of composites at percolation concentration is 
a strong function of the actuation strain. Novel nanocomposite systems can be 
built by exploiting this unique combination of properties.

3:10 PM
Nucleation and Growth of Hierarchical Structures and Phases in Pressure-
Induced Crystallization of Polymer Nanocomposites:   Qiang Yuan1; Devesh 
Misra1;  1University of Louisiana
     The objective of the presentation is to elucidate the basic physical mechanisms 
underlying the evolution of hierarchical structures and phases during pressure-
induced crystallization of polymers containing dispersion of nanoparticles. The 
phase selection in the polymers is normally dictated by pressure and temperature, 
however, the introduction of nanoparticles can dramatically alter the kinetics of 
the formation of the phases via nanoparticle interface driven nucleation. Thus, 
by controlling pressure and crystallization temperature, a high degree of phase 
selection and structural control may be achievable, which has profound effect on 
mechanical properties.

3:30 PM  Break 

3:45 PM  Invited
Electrical Conductivity and Polymer Diffusion in Polymer Nanocomposites: 
 Karen Winey1;  1University of Pennsylvania
     Both electrical conductivity and polymer diffusion in polymer nanocomposites 
are dominated by the presence of a nanotube network. This talk will present three-
dimensional simulations of electrical conductivity above the fi ller percolation 
threshold for composites containing conductive, fi nite-sized rods with various 
orientations. The random resistor network model was used to calculate the 
electrical conductivity of these simulated composites. The observed trends 
compare favorably with our earlier experimental results. In addition, polymer 
tracer diffusion in single wall carbon nanotube / polymer nanocomposites 
is reported. Polymer diffusion is suppressed at low SWCNT loadings to a 
surprising extent and recovers at higher loadings. A new phenomenological 
trap model is used to discuss these results. This fundamental study provides 
insight to polymer dynamics in nanostructured environments and furthers the 
understanding of melt processing in polymers with nanoscale, high-aspect ratio 
fi llers that form networks.

4:10 PM
Solvent Studies on Submicron-Sized Aluminum/Epoxy Composites: S. 
Johnson1; Jared Boock1; Christopher Crouse2; C. Michael Lindsay1; Jennifer 
Jordan1; Jonathan Spowart2;  1Air Force Research Laboratory, Munitions 
Directorate, Eglin Air Force Base; 2Air Force Research Laboratory, Materials 
and Manufacturing Directorate, Wright-Patterson Air Force Base
     Composite materials processing often employs binders of polymeric epoxy 
systems that are highly viscous at lower temperatures.  One processing technique 
utilized to reduce the viscosity of the polymer matrix is that of using solvents 
to facilitate incorporation of higher percentages of solids into the epoxy binder. 
This processing technique has been widely employed in the preparation of many 
types of composite samples without the benefi t of comparing the properties of 
the composite materials processed both with and without solvents. Epoxy/Al 
composite materials obtained from commercially available epoxy resins and 
micron-/ nanometer-sized aluminum powders were prepared by decreasing 
mix viscosity with solvents of varying functional groups and volatilities. This 
study evaluates the impact of various solvents on the properties of the resultant 
composite materials. The chemical and mechanical properties of the resultant 
composites were evaluated and are reported.

Neutron and X-Ray Studies of Advanced Materials: 
Diffuse Scattering
Sponsored by:  The Minerals, Metals and Materials Society, TMS Structural Materials 
Division, TMS/ASM: Mechanical Behavior of Materials Committee, TMS: Advanced 
Characterization, Testing, and Simulation Committee, TMS: Titanium Committee
Program Organizers:      Rozaliya Barabash, Oak Ridge National Laboratory; Yandong 
Wang, Northeastern University; Peter Liaw, The University of Tennessee; Jaimie Tiley, 
US Air Force

Monday PM Room:  3016
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Rozaliya Barabash, Oak Ridge National Laboratory; Patrice 
Turchi, Lawrence Livermore National Lab

2:00 PM  Invited
X-Ray Diffuse Scattering for The Study of the Size Distributions of 
Clustered Defects in Crystalline Materials:  Bennett Larson1;  1Oak Ridge 
National Laboratory
     The diffuse scattering near Bragg refl ections arising from defect clusters 
in crystalline materials contains detailed signatures of the size, type, size-
distribution, and the internal structure of clusters. In this presentation, the 
fundamental aspects of diffuse scattering from lattice defects will be considered 
within the coherent wave theory and the local-Bragg scattering interpretation in 
the so-called “asymptotic” diffuse scattering regime will be discussed. Detailed 
measurements of separate size distributions for vacancy and interstitial loops 
in neutron irradiated Cu and for coherent Co precipitates as a function of 
thermal aging in Cu(1%)Co single crystals will be presented. In addition, the 
use of submicron diameter x-ray microbeams to perform depth-resolved diffuse 
scattering measurements of vacancy and interstitial loop distributions in 10 MeV 
self-ion implanted silicon single crystals will be discussed. Research at ORNL 
supported by the DOE Offi ce of Science, Basic Energy Sciences, Division of 
Materials Sciences and Engineering.

2:20 PM  Invited
Huang-Scattering as a Probe of Local Defect Structure:  Branton Campbell1;  
1Brigham Young University
     Point-like crystal defects often give rise to anisotropic diffuse-scattering 
distributions that are centered around intense Bragg peaks in electron, x-ray and 
neutron diffraction data. These anisotropic Huang-scattering distributions are 
directly related to the long-range strain-fi elds extending outward from the defect 
core.  By relating these strain fi elds to the atomic displacements within the defect 
core via the elastic dynamical matrix, Huang scattering can be used to indirectly 
probe local defect structure.  We will present a convenient method of extracting 
local displacements from 3D Huang-scattering data that is suffi ciently general 
to handle both arbitrary crystal symmetry and arbitrary defect symmetry.  It 
involves fi rst invoking the linear-continuum elastic approximation to characterize 
the strain fi elds, which are then used to extrapolate approximate local atomic 
displacements.  In additional to exploring the strengths and limitations of this 
approach, we will demonstrate its application to the quantitative analysis of 
experimental diffuse scattering data.

2:40 PM
Statistical Theory of Diffuse Scattering by Crystals with Nonrandom 
Precipitates:   Rozaliya Barabash1; Gene Ice1;  1Oak Ridge National Lab
     The statistical kinematical theory of diffuse scattering from precipitated 
alloys is reviewed. Nonperiodic potentials are used to model the scattering 
from different defect distributions. Fluctuating parts of the potential, resulting 
in diffuse scattering, is analyzed in the framework of the fl uctuation wave 
method. Interaction of distortion fi elds from precipitates often causes their self-
organization and nonrandom distribution. A comparison with the single defect 
approximation approach is performed for correlated/uncorrelated precipitates. 
Correlation and layered precipitates distribution in preferred crystallographic 
planes, results in specifi c features of the diffuse scattering intensity. The shape 
function of coherent precipitates is discussed. Experimental and simulated 
diffuse scattering intensity maps are used to perform quantitative characterization 
of the defects structure and distribution.Research is sponsored by the Division 
of Materials Sciences and Engineering, Offi ce of Basic Energy Science U.S. 
Department of Energy. 
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2:55 PM  Invited
Elastic Diffuse Scattering of Binary Alloys with a Large Atomic-Size 
Difference:  Bernd Schönfeld1;  1ETH Zurich
     Alloys with local order and a relatively large difference in atomic sizes 
have continued to attract interest of theoreticians and experimentalists. Here, 
two such alloys, Ni-Re and Ni-Pt, were investigated experimentally. Not much is 
known on the microstructure in Ni-Re though its fraction in Ni-based superalloys 
has been steadily increased. From diffuse x-ray scattering of Ni-9.4 at.% Re 
in combination with small-angle neutron scattering it was now established that 
local order is present, characterized by 1½0 diffuse maxima. For the system Ni-
Pt the superstructures Ni3Pt and NiPt are known; on the Pt-rich side, however, 
ordered structures are unknown. A diffuse x-ray scattering experiment of 
Ni-87.8 at.% Pt was undertaken to investigate the possible presence of NiPt7

suggested by electronic-structure calculations. With the interaction parameters 
obtained, Monte-Carlo simulations indicated that no NiPt7 superstructure is to be 
expected. Species-dependent static atomic displacements also determined will 
be compared with values from the literature.

3:15 PM  Invited
Atomic Displacements on a Si-Ge Si Rich Single Crystal:       Jose Rodriguez1; S. 
Moss2; J. Robertson3; Rozaliya Barabash3; J. Copley4; D. Neumann4;  1University 
of Maryland/National Institute of Standards and Technology; 2University of 
Houston; 3Oak Ridge National Laboratory; 4National Institute of Standards and 
Technology
     Si-Ge alloys have received a great deal of attention because of the possibility 
of faster devices that might employ them. However, the lattice mismatch between 
the two elements has made the growth of epitaxial homogeneous thin fi lms 
quiet diffi cult and various strategies have been employed to overcome this. Le 
Bolloc’h et al.  reported phonon measurements on a Si-Ge Si Rich single crystal. 
He also distinguishes in a radial scan of the elastic neutrons from the alloy the 
size effect displacement scattering. Using the Disk Chopper Spectrometer (DCS) 
at NIST we have measured the (110) and (001) planes which clearly shows the 
Huang Diffuse Scattering (HDS) and Size Effect scattering (SE) due to atomic 
displacements. The data also shows no SRO contribution. The data permits the 
extraction of HDS and SE displacements parameters. Phys. Rev. B 63, 035204 
(2001).

3:35 PM  Invited
Structure and Dynamics of a Si-Rich SiGe Solid Solution:  J. Robertson1;  
1Oak Ridge National Lab
     The SiGe system has been intensively studied because the carrier mobility 
is much higher than in pure silicon and this gives rise to considerable gains in 
electronic device performance.  SiGe alloys have been the subject of intense 
investigation for several years.  Several theoretical studies which are supported 
by a previous experiment on a polycrystalline solid solution predict a miscibility 
gap in the Si-Ge system.  On the contrary, several long-range ordered structures 
have been reported in thin fi lms although these were under either compressive 
or tensile strain as well as an XAFS study on SiGe thin fi lms that indicates 
complete randomness.  Thus, the study of the local atomic environments in this 
alloy is of fundamental importance.  In this talk I will present the results of 
neutron and X-ray measurements on a homogeneous bulk crystal of Si92Ge08 and 
discuss the nature of its structural disorder and dynamics.

3:55 PM  Invited
Small-Angle Scattering of X-Rays and Neutrons - Advances and Challenges: 
 Gernot Kostorz1;  1ETH Zurich
     Some applications of small-angle scattering in the fi eld of materials science 
will be discussed. Emphasis will be on experiments pushing the spatial and 
temporal resolution limits of both tpyes of radiation, exploiting their individual 
characteristics and their complementarity. Inhomogeneities on a scale from a few 
interatomic distances to several micrometers and their evolution can be studied 
in the bulk and at/near  surfaces with good accuracy. These experiments serve to 
develop and test models of micro- and nanostructural features in materials.

4:15 PM  Break 

4:25 PM  Invited
“Small-Angle Scattering for Every Microstructure and Every Problem?” 
– A Critical Review of Advanced Small-Angle Scattering Techniques:  Jan 
Ilavsky1;  1Argonne National Laboratory
     Number of small-angle scattering tools and techniques – for both X-ray or 
neutrons – is available today. Since some of these were developed in the last years, 

they may not be discussed in commonly available textbooks.  Therefore many 
non-SAS expert researchers may not be aware of their advanced capabilities. 
Further, to learn these new tools and methods, one has to make use of original 
manuscripts, sometimes with sketchy techniques description and often-specifi c 
materials oriented. Therefore it may be diffi cult to generalize and apply these 
novel techniques to wider range of material science problems. This presentation 
will review different X-ray and neutron small-angle scattering techniques, such 
as anisotropic Porod scattering, anisotropic multiple scattering, and various types 
of ultra-small angle scattering. Examples of results, ranging from thermal barrier 
coatings to hierarchical polymer structures, will be given and applicability to 
assorted engineering material science problems will be discussed.   

4:45 PM  Invited
Chemical Order in Alloys: Current Status and Prospect:  Patrice Turchi1;  
1Lawrence Livermore National Lab
     The prediction of ordering trends in alloys provides valuable insight on 
phase formation, phase stability, and phase diagrams. In this context, neutron 
and X-ray scattering experiments can play a critical role in the verifi cation and 
validation process, and also challenge theory. After a brief critical review of the 
quantum-mechanical-based approaches that are currently available for studying 
short-range order in alloys, examples of predictions will be discussed. They will 
include: transient ordering phenomenon, ordering in complex alloys such as 
A15 and sigma, pressure effect on chemical order, and ordering trends in some 
fcc and bcc-based alloys. This work was performed under the auspices of the 
U.S. Department of Energy by Lawrence Livermore National Laboratory under 
Contract DE-AC52-07NA27344.

5:05 PM  Invited
Phase Transitions in Ionic Liquid Based Mixtures Studied by Simultaneous 
X-Ray Diffraction and DSC Measurement:     Hiroshi Abe1; Yusuke Imai1; 
Takefumi Goto1; Yukihiro Yoshimura1;  1National Defense Academy
     Ionic liquids (ILs) are well known to be new solvents in “green chemistry”. 
The curious nature of ILs is represented in almost zero vapor pressure. Recently, 
we found anomalous domain growth in [DEME][BF4]-H2O mixtures. Here, three 
different types of the domain structures were formed with a small content of H4O. 
In spite of a variety of domain formations, crystal structures are the same as pure 
[DEME][BF4]. In addition, boundaries between complicated domain structures 
could not provide intrinsic strains. Subsequently, complicated phase diagram is 
obtained from 0 to 12 mol% H2O. By simultaneous X-ray diffraction and DSC 
measurements, various kinds of phase transitions and phases are determined 
systematically. One of important solid phases is pure amorphous phase around 
6 mol%. In Raman spectrum, there are “two dynamic components” in pure 
amorphous phase. Moreover, cold crystallization with some exothermal peak 
is observed upon heating above 4 mol%. The results are based on anomalous 
behaviors of water molecules.  Y. Imai et al., J. Phys. Chem. B (2008), in press. 
Y. Imai et al., Chem. Phys. (2008), in press.

5:25 PM  Invited
From Average to Local Structure: A Structural Study of Zeolite-NdY/Se 
System::      A. M. Milinda Abeykoon1; W. Donner2; M Brunelli3; A. J. Jacobson1; 
S. C. Moss1;  1University of Houston; 2Darmstadt University of Technology; 
3European Synchrotron Radiation Facility (ESRF)
     A challenging problem in crystal structure determination is the characterization 
of the atomic short-range order as observed in the diffuse scattering. The long-
range order is characterized by a careful analysis of the sharp Bragg positions 
and intensities to obtain average atomic positions and equilibrium atom 
displacements. The short-range order appears as weak diffuse scattering widely 
distributed throughout the reciprocal space. Since many important crystalline 
materials have a signifi cant disorder on the atomic scale, a method which is 
capable of modeling the structure of these materials is necessary. We emphasize 
the need of two techniques: the Pair Distribution Function (PDF) and the 
Rietveld method to model the structures of such systems. We will use our results 
of x-ray studies on zeolite-NdY/Se system to demonstrate this.

5:45 PM
Small Angle X-Ray Scattering Studies of the Pore Structure in Metal and 
Metal Oxide Foams:        Tony van Buuren1; Trevor Willey1; Alex Hamza1; Ted 
Baumann1; John Kinney1; James Stoken1; Jan Ilavsky2;  1Lawrence Livermore 
National Laboratory; 2Advanced Photon Source
     Although a great amount of study has been devoted to the physical properties 
of porous structures, it is not clear whether the theoretical models developed 
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to date can be extended to nanoscopic length scales. Our goal is to quantify 
the microstructure of highly porous metals and metal oxides to determine how 
processing of the porous material relates to the structure and ultimately to the 
mechanical behavior. We will quantify structural changes with a combination 
of small angle x-ray scattering (SAXS) and high-resolution x-ray imaging. 
Finite element modeling, using the structures determined above, will be used 
to study the effects of mechanical loading on the cell structures, and to map 
out relationships between processing, density, and strength. This work is 
supported by the US-DOE, under contract DE-AC52-07NA27344, LLNL. APS 
is supported by the U.S. DOE, BES, Offi ce of Science under contract No. W-
31-109-ENG-38.

Pb-Free Solders and Emerging Interconnect and 
Packaging Technologies: Electromigration Reliability
Sponsored by:  The Minerals, Metals and Materials Society, TMS Electronic, 
Magnetic, and Photonic Materials Division, TMS: Electronic Packaging and 
Interconnection Materials Committee
Program Organizers:        Sung Kang, IBM Corp; Iver Anderson, Iowa State University; 
Srinivas Chada, Medtronic; Jenq-Gong Duh, National Tsing-Hua University; Laura 
Turbini, Research In Motion; Albert Wu, National Central University

Monday PM Room:  2020
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    C Robert Kao, National Taiwan University; Albert Wu, 
National Central Univ

2:00 PM  Invited
Stress-Migration Induced by Electromigration in Flip Chip Pb-Free Solder 
Joints:  King-Ning Tu1;  1University of California
     Abstract:  Due to the unique line-to-bump confi guration of fl ip chip, 
current crowding occurs at the location where the current enters or leaves the 
solder bump.  At the anode, a concentration of compressive stress occurs due 
to electromigration. The concentrated compressive stress can squeeze out a 
Sn whisker or hillock, even at temperatures above 100°C.  To investigate the 
stress-migration driven by electromigration, x-ray diffraction by micro beam 
synchrotron radiation has been performed.  Transient stress build-up in the Sn 
matrix was detected.  Since Cu diffuses interstitially in Sn and is much faster 
than self diffusion of Sn in Sn, intermetallic compound (IMC) formation of 
Cu-Sn in the anode region has been found.  While the IMC may increase the 
compressive stress, it also may block the diffusion of Sn and slow down the 
growth of whisker and hillock.

2:20 PM
In Situ Study of Electromigration-Induced Orientation Evolution in Pb-
Free Solder Joint by Synchrotron Microdiffraction:     Kai Chen1; Nobumichi 
Tamura1; King-Ning Tu2; Yi-Shao Lai3;  1Lawrence Berkeley National 
Laboratory; 2UCLA; 3Advanced Semiconductor Engineering
     The rotation of Sn grains in Pb-free fl ip chip solder joints hasn’t been 
reported in literature so far although it has been observed in Sn strips.  In this 
letter, we report the detailed careful study of the grain orientation evolution 
induced by electromigration by synchrotron radiation based white beam X-ray 
microdiffraction.  It is found that the grains in solder joint rotate much slower 
than in Sn strip even if under higher current density.  On the other hand, based 
on our estimation, the reorientation of the grains in solder joints also results in 
the reduction of electric resistivity, similar to the case in Sn strip, although the 
change is not detected experimentally.  We will also discuss the reason why the 
electric resistance decreases much more in strips than in the Sn-based solders, 
and the different diving force for the grain growth in solder joint than in thin fi lm 
interconnect lines.    

2:35 PM
The Direct Measurement of Stress Distribution on Silicon under Thermal 
Effect and Electromigration in Flip Chip:   Albert Wu1; Chun-Yang Tsai1;  
1National Central University
     The reliability of the fl ip chip is affected by electromigration or thermal 
stress.  The variation of stress on silicon chip was directly measured by in-situ 
synchrotron X-ray. The minute variation of stress level in the solder strips could 
be resolved by high brightness synchrotron source. The fl ip chip samples were 

stressed under various temperatures and current densities. At the edge of the 
silicon chip, the stress level is the highest at the center than at the edge. The 
simulation results is provided for the discussion in this paper.

2:50 PM
Electromigration in Tin-Copper, Tin-Silver, and Eutectic Tin-Lead Flip 
Chip Solder Joints:      Luhua Xu1; Jarrett Liang1; Jung-Kyu Han1; Yi-Shao Lai2; 
K.N. Tu1;  1University of California, Los Angeles; 2Advanced Semiconductor 
Engineering
     A comprehensive study of the electromigration reliability of SnCu, SnAg, 
and eutectic SnPb fl ip chip solder joints with and without thick UBM at the chip 
side is reported. The samples were stressed at multiple high temperatures and 
current densities. The polarity effects on intermetallic compound (IMC) growth 
and metallization consumption were characterized for both powered and un-
powered solder joints. The un-powered solder joints exhibited slower growth in 
IMCs as well as minor consumption of copper metallization. However, due to 
thermal gradient from chip to substrate, it also shows polarity phenomena. The 
powered joints exhibited microstructural changes consistent with a directional 
diffusion guided by electron wind. Namely, the copper metallization at the 
cathode experienced accelerated consumption. The propagation of pancake voids 
was observed in detail, from initiation under the passivated area, to partially 
propagating across the aluminum line opening, and to complete propagation.

3:05 PM
Effects of Current Density, Environment, and Temperature on Adhesion 
and Debonding Kinetics of Cu / Barrier Interfaces:    Ryan Birringer1; Roey 
Shaviv2; Reinhold Dauskardt1;  1Stanford University; 2Novellus Systems Inc.
     It is widely accepted that electromigration in modern Cu interconnects is 
closely related to adhesion and bonding between the Cu line and the top capping 
layer.  While four-point bend thin-fi lm adhesion techniques are commonly 
used to characterize adhesion in Cu / barrier layer interfaces, the kinetics of 
sub-critical interface debonding in these fi lms has been largely ignored.  In the 
present study, we propose a new technique for characterizing the kinetics of EM 
void growth.  The method is based on modifi ed versions of well-known thin-fi lm 
adhesion techniques and is used to quantify sub-critical debonding between Cu 
and selected barrier layers in the presence of variable current density through the 
fi lm, environment, and temperature.  Selected barrier materials include SiC, SiN, 
and CoWP.  The sub-critical debonding kinetics of these barrier fi lms are largely 
infl uenced by the environment, and the sub-critical debonding mechanisms 
present in ambient, forming gas, and noble gas environments are compared.

3:20 PM
The Study of Flip Chip Electromigration under Extra High Current 
Density:     Yu-Wei Lin1; Jia-Hong Ke1; C. Kao1; Yi-Shao Lai2;  1National Taiwan 
University; 2Advanced Semiconductor Engineering, Inc.
     The electromigration failure mechanism in fl ip chip solder joints under extra 
high current density (>1×104 A/cm2) was studied. It is known that the joint 
temperature under current stressing is strongly associated with the applied current 
density due to Joule heating effect. Hence, the heat generation and dissipation 
was found to be a very important factor on the fi nal failure mechanism. In this 
study, two experimental setups were used. One was with a cooling system to 
make the chip temperature constant, and the other was not. Without cooling, the 
temperature increased while increasing the applied current. When the current 
density was up to 5×104 A/cm2, rapid failure was caused by excessive Joule 
heating. With cooling, more time to failure was experience at the same current 
density. Therefore, this method provided a way to de-couple the applied current 
density and the device temperature.

3:35 PM
Effect of UBM on Electromigration Lifetime of SnAg Solder Joints:   Hsiao-
Yun Chen1; Chih Chen1;  1NCTU
     Electromigration in fl ip chip solder joints is investigated under current 
stressing at 135, 150 and 165°C. By using Kelvin probe, the failure time can be 
defi ned as bump with current stressing down by increasing 20% of its original 
value, therefore direct comparison between 3-μm Cu and 5-μm Cu/3-μm Ni 
UBM systems can be accomplished. Additionally, by using Al trace TCR effect, 
it is possible to measure the real stressing temperature. It is found that the solder 
joints with the 5-μm Cu/3-μm Ni UBM have longer electromigration lifetime. 
The Ni layer may retard the electromigration failure since it is a good diffusion 
barrier for Cu. Furthermore, the Ni layer may relieve the current crowding effect. 
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Three-dimensional simulation on current density distribution has been carried 
out for these two systems and the results will be presented in the conference.

3:50 PM  Break 

4:05 PM  Invited
Comprehensive Studies on Microstructural Evolution from Current 
Stressing:     Y.C. Lee1; Cheng-En Ho2; K. Subramanian1; Andre Lee1;  1Michigan 
State University; 2Yuan Ze University
     Imposition of high current densities causes material migration due to 
momentum transfer between electrons and atoms/ions.  A clear quantitative 
understanding of the events that occur under such conditions, especially in multi-
phase materials, is far from complete due to several geometry related constraints.  
Recently, our group has developed a realistic joint confi guration to avoid 
unnecessary complications due to current crowding with the ability to impose a 
well-described thermal environment. Using these joints effects of current density 
and temperature on microstructural evolution in two-phase electronic solder 
joints were studied by Synchrotron X-rays and by Confocal Laser Scanning, 
Optical, and Scanning Electron Microscopies. These studies have provided 
unique opportunities to address materials movement, microstructure evolution, 
as well as solid-state reactions, due solely to the infl uence of current stressing.  
Critical current densities at various temperatures for evolution and extents of 
such events, under various current stressing scenarios were evaluated.

4:25 PM
In-Situ Observation of Stress Evolution on Solder Strips under 
Electromigration:   Albert Wu1; Ciao-Nan Siao1;  1National Central University
     Synchrotron radiation x-ray diffraction was employed for in-situ observation 
of stress evolution on solder thin fi lm strips under various temperatures and 
current densities. The minute variation of stress level in the solder strips could 
be resolved by high brightness synchrotron X-ray. The tensile stress at the 
cathode and the compressive stress at the anode degraded with time. The kinetics 
of the atomic diffusion under electron wind forces and the consequent stress 
distribution is measured; the relationship between the variation of morphology 
and the changes in the stress level is discussed in this paper.

4:40 PM
Electromigration-Induced Failures at Cu/Sn/Cu Flip-Chip Joint Interfaces: 
  Hua-wei Tseng1; Chengyi Liu1;  1National Central Unversity
     EM-induced failure modes at Cu/Sn/Cu solder joint interfaces were studied. 
Since the geometry of the fl ip-chip solder joint, the current density would vary 
in the both joint interface.  Depending on the current-stressing density, different 
EM-induced failure modes were observed at the cathode joint interface; EM-
induced dissolution at the high current stressing site and voiding at the low current 
stressing site.  At the opposite anode interface, Kirkendall void formation also 
varies with the current distribution.  At current crowding site, the current exiting 
corner, a serious Kirkendall voiding coalesced into a gap between the Cu3Sn/Cu 
interface. The Cu consumption activation energy without current stressing was 
determined in this work. With current stressing, the Cu consumption activation 
energy decreased.   We believe that the enhancement of Cu consumption by 
current stressing is due to the Cu atoms dissolved in the Sn to electromigrate 
instantaneously toward the anode side.

4:55 PM
Study of Electromigration Phenomena in Ultra-Thin Lead-Free Solder 
Joints:   Cheng-En Ho1; Wei-Hsiang Wu1;  1Yuan Ze University
     Traditional fl ip-chip solder joints have a line-to-bump confi guration consisting 
of a solder bump with ~100 microns in height and electric circuits with few 
microns in thickness.  Because of the huge divergence in the cross-section 
between circuit/bump and the electric current takes a ~90-degree turn at the 
contact, there will be a signifi cant current crowding at the cathode side of solder, 
where a localized high current density induced a massive electromigration may 
occur.  Failures in the joints resulted from such the current crowding effect mainly 
included void nucleation and propagation, local melting of solder, and rapid 
dissolution of metallization pads.  To minimize the damages, modifi cation of Cu 
pillars with ultra-tin solder bumping (20 microns) is being attempted by industry 
recently.  However, little research has been devoted to evaluate its reliability. This 
study is aimed at gaining a better understanding of electromigration behaviors in 
lead-free solder joints with ultra-tin solder thicknesses.

5:10 PM
Study of Electromigration-Induced Failures on Ni/Cu Bi-Layer Bond Pad: 
Yu-Hsiang Hsiao1; Chengyi Liu1;  1National Central University
     EM (electromigration) on Sn(Cu)/Ni/Cu solder joints under 104 A/cm2 at 
160° were studied.  For the pure Sn/Ni/Cu case, the interfacial compound layer 
is mainly Cu6Sn5 compound phase.  Under EM effect, the interfacial compound 
Cu6Sn5 compound phase layer would suffer serious EM-induced dissolution.  
(2) Sn(Cu) alloys, i.e., Sn0.7Cu and Sn3.0Cu, formed a (Cu,Ni)6Sn5 interfacial 
layer at the joint interfaces.  The interfacial (Cu,Ni)6Sn5 compound layer shows 
a stronger resistance to the EM-induced dissolution.  The interfacial (Cu,Ni)6Sn5 
compound layer grows with the current stressing time in the Sn0.7Cu/Ni/Cu 
case.

5:25 PM
In-Situ Studies of Electrical Current Induced Whiskers:     Andre Lee1; K. 
Subramanian1; Cheng-En Ho2; Wenjun Liu3;  1Michigan State University; 2Yuan 
Ze University; 3Argonne National Laboratory
     Use of high Sn solders for removing Pb from electronic packages has brought 
about concerns due to the spontaneous growth of metallic whiskers.  Although 
Sn is known to spontaneously form whiskers, the formation and growth of Sn 
whiskers have never been observed in-situ, due to lack of knowledge of the exact 
causes and conditions for their formation and growth. Our recent studies on 
electrical current induced material movements have led us to design a package to 
study spontaneous formation and growth of Sn whiskers. This package facilitates 
formation of optically visible whiskers with a constant current of 0.2 amps at 
room temperature within 3 hours.  Such conditions enable in-situ investigations 
of whisker formation and growth. Micro diffraction X-rays at APS was used 
to examine the evolution of grain structure, strain distribution during whisker 
growth in matte Sn coatings at various amplitudes of externally applied electric 
current and temperatures.

5:40 PM
Electromigration Study of Eutectic SnPb Flip-Chip Solder Joints on 
Ceramic Substrates:   Chung Kuang Lin1; Chih Chen1;  1National Chiao Tung 
University
     This study investigates electromigration study of eutectic SnPb fl ip-chip solder 
joints on ceramic substrates. The under bump metallization (UBM) structure 
consists of 5-μm Cu / 3-μm Ni under bump metallization (UBM). Under the 
current stressing by 0.9A at 150°C, we did not fi nd void formation but a large 
amount of intermetallic compound (IMC) of Cu6(Sn,Ni)5 were formed when the 
bump resistance increased 10 mO. Three-dimensional electrical simulation by 
fi nite element analysis was carried out to simulate the current density distribution 
in solder joints with slit Cu traces. It is found that the current density was almost 
uniformly distributed in solder joint for this structure. It is found that the bump 
resistance only increases 0.07mO when half of the solder bump was transformed 
into Cu6Sn5 IMC. The reason for the low crowding effect in the solder joints 
will be discussed in the conference.

5:55 PM
Effective Charge of Electromigration from the Perspective of 
Electromagnetism:   Peng Zhou1; William Johnson2;  1University of California 
Irvine; 2University of Virginia
     The mechanism of electromigration is discussed from the perspective of 
electromagnetism, other than from the traditional view of momentum exchange 
owing to the collision between electrons and diffusing atoms. It is suggested that 
the energy associated with electromigration is related to the work done by the 
electromagnetic fi elds, and conversion of the non-electrostatic energy, which 
is transferred by the Poynting’s vector from the electric power source, into the 
chemical energy of the diffusion system. It is also suggested that the momentum 
transferred to the diffusing atoms is related to the Maxwell stress; at low 
temperatures, the momentum is transferred via maxwell stress to the chemical 
impurities and crystal imperfections to give rise to the ‘’polarity effect’’. It is 
shown from the perspective of electromagnetism, the effective driving force of 
electromigration has a square dependence on the current density; therefore, the 
effective charge number is linearly related to the current density.
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Peirce-Smith Converting Centennial Symposium: 
Operational Aspects
Sponsored by:  The Minerals, Metals and Materials Society, TMS Extraction and 
Processing Division, TMS: Pyrometallurgy Committee
Program Organizer:   Joël Kapusta, Air Liquide

Monday PM Room:  2009
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Anthony Warner, WorleyParsons HGE; Phillip Mackey, 
Xstrata Nickel

2:00 PM  Keynote
A Century of Converter Operation in Vale Inco’s Ontario Operations: 
Samuel Marcuson1;  1Vale Inco Ltd
     Smelting of nickel-copper sulfi de ores at Vale Inco’s Sudbury operations 
commenced in 1888 and the fi rst converting plant went into operation in 1892. 
As the demand for nickel grew, the smelting operations expanded and by the 
1960’s the Copper Cliff Smelter featured the longest converter aisle in the 
world with space for nineteen Peirce-Smith converters. During this long period, 
different converting techniques and vessels were employed. The evolution of 
converting is reviewed with special emphasis on the modifi cations made to the 
Peirce-Smith vessel to accommodate the metallurgical and process needs of the 
changing times.

2:30 PM
Converting and Casting at Boliden’s Rönnskär Smelter 2009 - An Update: 
Peter Olsson1; Magnus Ek1;  1Boliden Mineral AB
     The Rönnskär Smelter has been faithful to Peirce Smith Converting during 
its 79 years of existence. Though a visitor to our smelter museum will easily fi nd 
out that a lot has happened since the beginning – and development continues. 
In this paper an update on Converting and Casting at the Rönnskär Smelter is 
presented. Recent developments include an investment into converter process 
gas handling, but also day-to-day operational aspects such as converter aisle 
productivity and fl exibility, but also minimal EH&S impact.

2:50 PM
Environmental Situation and Enhanced Productivity at Norddeutsche 
Affi nerie AG:  Thomas Buenger1;  1Norddeutsche Affi nerie AG
     The Hamburg smelter of Norddeutsche Affi nerie AG is situated near downtown 
of the city of Hamburg and is therefore a special subject to fullfi l environmental 
requirements according to the german legal regulations. Therefore are 
investments into increased concentrate throughput every time linked to packages 
to enhance the emission situation of the smelter. This connection in between 
environment protection and productivity enhancement should be explained by 
the example of the Peirce-Smith converter plant of the Hamburg smelter. As 
an outstanding investment this can be shown on hand of the transition of scrap 
charging via boot from the front side to a fully automatic and completely sucked 
scrap charging system.

3:10 PM
Evolution of the Converter Aisle at Xstrata Nickel’s Sudbury Smelter: 
Bryan Salt1; Enrico Cerilli1;  1Xstrata Nickel
     Xstrata Nickel’s Sudbury Smelter has systematically developed its converting 
aisle from a single stage to a counter current multi stage converting process. This 
has required the development of two unique converters; the slag cleaning vessel 
and the slag make converter. This has resulted in a unique three stage converting 
process that enables treatment of secondary materials as well as resulting in a 
slag that can be discharged without further treatment. The paper will also discuss 
future changes currently being considered to further improve environmental, 
plant hygiene and productivity performance.

3:30 PM  Break 

3:50 PM
Recent Operation and Improvement at the Sumitomo Toyo Peirce-Smith 
Converters:     Kazuhiro Mori1; Katsuhiko Nagai1; Kosei Morita1; Osamu Nakano1;  
1Sumitomo Metal Mining Company, Ltd.
     The Sumitomo Toyo Smelter and Refi nery commenced operations in 1971 
with three Peirce-Smith (PS) converters in operation. At the time, a “2 hot 1 

blowing” sequence was adopted (two vessels hot, one blowing and the third 
unit under repair), with in-stack times reaching 90%, producing fi ve charges per 
day. Under the 2001 expansion program at the plant, a new “2 hot-2 blowing” 
operational pattern was adopted at the converters along with the installation of 
additional converter blowers and crane. In 2005, a fourth converter was installed 
and a “3 hot-2 blowing” operation commenced. Along with improvements in 
the anode department, the converters now produce over eight charges per day. 
The control of sulphur dioxide fugitive gas at the converters has also advanced, 
and the sulphur fi xation rate at Toyo now exceeds 99.9%. This paper discusses 
the Toyo converter operation and describes improvements in environmental 
management techniques used at the plant.

4:10 PM
Changing Reality: Continuous Production Control for Optimized 
Productivity:   Wilhelm Wendt1; Willy Persson1;  1Semtech Metallurgy AB
     With rizing price of raw materials and increasing energy and environmental 
restrictions the optimization of pyrometallurgical processes beyond what can be 
achieved via modelling and operator experience has come more and more into 
focus and led to a quest for methods for dynamic process control. Independent of 
the details of the control mechanism it has to be based on real-time information 
on the status of the process. Since mid 1990s Semtech OPC Systems are in 
routine use at a number of smelters to provide continuous on-line information 
on the instantaneous status of converting processes in Peirce-Smith converters. 
This information offers an opportunity for the operators to maintain / bring back 
the process to the desired route. This presentation will discuss experiences from 
applications to converting of copper and nickel in Peirce-Smith converters. 
Special emphasis will be laid on de-bottlenecking, e.g., in concentrate injection, 
revert accumulation, magnetite handling and oxide-skim transfer.

4:30 PM
The Use of Injection Tuyeres Clad Welding with Anti- Abrasive in the 
Teniente Converter:    Luis González M.1; Juan C. Davis C.1; Guillermo Guzman 
D.1;  1Ventanas Smelter and Refi nery, Codelco-Chile
     The Teniente converter (CT) of the Ventanas Smelter and Refi nery of 
Codelco-Chile has two tuyeres for dry concentrate injection directly into the 
melt. The diluted phase injection system can feed 15 to 20 kg of concentrate for 
1 kg of air, which creates a very abrasive solid/gas phase. The tuyeres commonly 
used lasted for about 3.5 days due to the accelerated decay of the shell, and 1.5 
hours were necessary for the replacement of new ones in the reactor. Tests were 
carried out with common shell tuyeres with a tungsten based welding cover, and 
a life span of 28 days was reached, increasing the Teniente converter operational 
continuity between 1.5 to 2 %.

4:50 PM
Full Utilization of the Matte Converting Process Energy for Operating 
Conditions of the RTB Bor:   Bogdan Petkovic1; Boban Todorovic1;  1RTB Bor, 
TIR Bor, Topionica
     In the early 90’s a completely unknown problem was encountered at the 
converter Department: it was a chronic shortage of the cold copper charge 
needed for the second operating period. A high temperature operating regime 
was caused which further provoked a chain of consequences such as a drastic 
drop of the number of operations in campaigns. The consumption of repair bricks 
reached the quantity of 8.3955 kg / tonne of anode Cu. In 1994, we won the 
process of cold material smelting during the “copper” blowing [2]. The number 
of operations per campaign reached 180-200 again. Also in 1994 we won the 
process of smelting cold materials to obtain “tin” blowing with the purpose of 
completing their processing cycle [2]. During the period 1994 – 2007 a total 
of 107,845 tonnes of cold material were remelted to make copper and 56,794 
tonnes were re-smelted to obtain “tin”. Upon synthesizing these two processes, 
a completely new model was achieved in 2005, by Bogdan Petkoviæ, which 
entirely utilized all available energy of the Peirce-Smith (PS) converters of the 
Bor Copper Smelter and now represents the basis of the time cycle. The cold 
material now enters the converter plant, copper recovery is increased and the 
method itself is environmentally friendly.

5:10 PM
Recent Operations of Peirce-Smith Converters in Pirdop Smelter:    Evgeni 
Marinov1; Ivailo Vasilev1; Dimo Kirilov1;  1Cumerio
     The Pirdop Smelter was privatised by the Bulgarian government in 
September 1997. Since then, an investment program has been implemented to 
increase capacity to 290,000 tpy of copper, while improving the environmental 
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performance. A signifi cant part of this investment program involved reconstruction 
of the three Peirce-Smith converters and gas handling system. Between June 2000 
and April 2002, converter capacity was increased and primary gas collection 
systems at the Converters Section were upgraded. The result was a signifi cant 
reduction in emissions. From 2002 until present, a continuous improvement of 
operating and environmental performance has been achieved. In 2005, Pirdop 
received from the Bulgarian Government the Complex Permit under the EU 
IPPC criteria. An Environmental Compliance Program was accordingly defi ned 
aiming for reduction in secondary emissions. In November 2007, a Secondary 
Gases Cleaning plant was put into operation. This paper describes these projects 
and the challenges faced by the company.

Phase Stability, Phase Transformations, and Reactive 
Phase Formation in Electronic Materials VIII: Session 
II
Sponsored by:  The Minerals, Metals and Materials Society, TMS Electronic, 
Magnetic, and Photonic Materials Division, TMS: Alloy Phases Committee
Program Organizers:            Chih-ming Chen, National Chung-Hsing University; Srinivas 
Chada, Medtronic; Sinn-wen Chen, National Tsing-Hua University; Hans Flandorfer, 
University of Vienna; A. Lindsay Greer, University of Cambridge; Jae-ho Lee, Hongik 
University; Daniel J. Lewis, Rensselaer Polytechnic Institute; Kejun Zeng, Texas 
Instruments; Wojciech Gierlotka, AGH University of Science and Technology; Yee-wen 
Yen, National Taiwan University of Science and Technology

Monday PM Room:  2022
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Hans Flandorfer, University of Vienna; Wojciech Gierlotka, 
AGH University of Science and Technology

2:00 PM  Invited  2009 Hume Rothery Award Recipient
Alloy Phase Metastability and Microstructure:  John Perepezko1;  1University 
of Wisconsin
     Alloy phase stability is usually analyzed on the basis of the most stable structure 
for a given composition as guided by the Hume-Rothery rules and recent fi rst 
principle calculations. However, some of the most interesting and useful phase 
reactions involved in microstructure development are based upon metastable 
structures. Metastability can develop in many processing routes where the initial 
phase is subjected to high supersaturation, pressure, undercooling or high defect 
concentration conditions that are encountered in nucleation processes. In these 
cases, the initial microstructure phase selection is directed by metastable phases 
and their relaxation towards equilibrium. While metastable structures are often 
not retained in the fi nal microstructure in bulk volumes, they can still play a 
role as precursor structures and can be dominant in nanoscale volumes. Several 
examples from solidifi cation, interface controlled reactions, precipitation and 
severe plastic deformation are discussed to illustrate the role of metastable alloy 
phases in microstructure development.

2:20 PM  Invited
Development of Thermodynamic Database for Cu-Base Alloy Systems and 
Micro-Solders:      Ikuo Ohnuma1; Yoshikazu Takaku1; Cui Ping Wang2; Xing Jun 
Liu2; Kiyohito Ishida1;  1Tohoku University; 2Xiamen University
     The thermodynamic database for Cu-base alloys and micro-solders have been 
constructed by the CALPHAD (Calculation of Phase Diagrams) method. Based 
on the thermodynamic assessments on the Cu-X binary and Cu-X-Y ternary 
systems, the phase diagrams and thermodynamic properties of Cu-base multi-
components systems which includes eleven elements of Cu, B, C, Cr, Fe, Ni, P, 
Si, Sn, Ti and Zn can be calculated. The solder database for eight elements of Ag, 
Bi, Cu, In, Pb, Sb, Sn and Zn have also been developed, which can be utilized for 
all combinations of elements and all composition ranges. The elements of Al, Au 
and Ni are also available for the calculation in the limited composition ranges. 
The typical examples of the calculations and applications will be presented.

2:40 PM
Au-Sn-Based Lead-Free Solder Alloys:     Leszek Zabdyr1; Anna Wierzbicka-
Miernik1; Joanna Wojewoda-Budka1; Pawel Zieba1;  1Polish Academy of 
Sciences
     Three invariant transition reactions were found among other features of the 
calculated poly-thermal projection of the liquidus surface close to Sn-corner of the 

system at temperatures: 252, 289 and 305C, respectively. That and the relatively 
low gold content makes them the potential candidates as high-temperature 
lead-free solder materials.Alloy samples of three invariant compositions were 
prepared, and temperatures of solid-liquid equilibria were determined by DSC 
and DTA to confi rm results of calculations. Structure and chemical composition 
were then examined using SEM-EDS device. Surface tension was cal-culated 
for the invariant liquids using Butler approach. Solid alloys of compositions 
under accord were used to prepare solder joints on copper substrates. Shear test 
and microhardness measurements were performed, and cross-section through the 
joints were analysed by SEM-EDS to give an idea about structural characteristic 
of joint material and possible interaction with substrate material.

2:55 PM
Thermodynamic Modeling Studies of the Cu-In and Sn-In-Cu Systems: 
Wojciech Gierlotka1; Sinn-wen Chen2; Shih-kan Lin2;  1AGH University of 
Science and Technology; 2National Tsing Hua University
     Sn-Cu-In ternary system is of interests for lead-free solder applications.  A 
thermodynamic model of this ternary system is developed using the CALPHAD 
method based on the experimental results in the literature as well as those obtained 
in this study.  In addition to the terminal phases and binary compounds, at 160°C 
there are one continuous solid solution formed between the η-Cu6Sn5 and η-
Cu2In, and the δ 1-Cu41(Sn,In)11 phase.  The binary Cu-In system has been 
remodeled and the homogeneity ranges of the compounds have been described 
by the sublattice models similar to those used in the Cu-Sn system.  Results of 
the calculation in the ternary system, such as thermodynamic properties of liquid 
and solid phases, isothermal and isopleths sections, and liquidus projections are 
compared with the experimental data. 

3:10 PM
Size and Substrate Effects upon Undercooling of Pb-Free Solders:    Yu-chih 
Huang1; Kuang-siang Wu1; Sinn-wen Chen1;  1National Tsing Hua University
     The melting and solidifi cation temperatures of solders and solders on 
substrates are determined using differential scanning calorimetry.  The solders 
are Sn, Sn-0.7wt%Cu, Sn-3.5wt%Ag and Sn-3.8wt%Ag-0.7wt%Cu solders, 
and the substrates are Ni, Cu and Ag. The heating and cooling rates are 10°C/
min.  The solders are of two different sizes, 5mg and 1mg.  With repeated 
DSC measurements, the statistical distributions of degrees of undercooling are 
determined.  The degrees of superheating are less than 2 degrees at 10°C/min 
heating rate and are negligible comparing with the degrees of undercooling 
which could be as signifi cant as 56 degrees.  Undercooling is more signifi cant 
and variation is larger when the solders are of smaller sizes.  The undercooling 
of solders on substrates is less signifi cant than that of solders alone.  Among the 
three kinds of substrates, solders on Ni are with the least undercooling.

3:25 PM  Break 

3:45 PM  Invited
Experimental Methods to Determine Thermodynamic Properties: 
Examples:  Adolf Mikula1;  1University of Vienna
     For phase stability, phase transformation the thermodynamic properties 
of the materials involved, must be known. No calculation of phase diagrams, 
viscosity, surface tension can be carried out without the knowledge of the partial 
or integral thermodynamic properties.In this lecture it will be demonstrated what 
type of experimantal methods are available and what kind of data we get from 
different experiments and how reliable these data are. On a few examples it will 
be shown, how these data are used to calculate different properties of electronic 
materials.

4:05 PM  Invited
Solidifi cation Behavior of Cu-Ni-Sn:    Hans Flandorfer1; Clemens Schmetterer1; 
Herbert Ipser1;  1University of Vienna
     Knowledge about the intermetallic system Cu-Ni-Sn is highly important 
for nickel-bronze alloys with additions of tin and for lead-free soldering as it 
concerns the majority of solder/substrate interactions of hitherto used lead-
free solders. Detailed information to the solidifi cation and formation of ternary 
phases is a crucial point for the control of the microstructure and texture of 
alloys and alloy interfaces.The system Cu-Ni-Sn was investigated by means of 
XRD, DTA and metallography including EPMA techniques. The occurrence of 
ordering phenomena at Cu2NiSn along (NixCu1-x)3Sn and at Cu4Ni2Sn5 along 
(NixCu1-x)6Sn5 has been described in literature. The enthalpy of formation of 
alloys along these sections was determined by tin solution calorimetry. Ordering 
should be indicated by a signifi cant deviation from linearity of the respective 
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deltafH versus xCu (or xNi) curves. According to our results no such behavior 
could be observed.

4:25 PM
Investigation of Various Properties of Lead Free Solders:       Michael Hindler1; 
Sabine Knott1; Zuoan Li2; Clemens Schmetterer1; Peter Terzieff1; Adolf Mikula1;  
1Universitaet Wien; 2University of Oslo
     Different properties of various lead free solders have been investigated. The 
wetting angles, viscosity, surface tension and thermodynamic properties of Ag-
Cu-Sn, Ag-Bi-Sn, Ag-Au-Sn, Au-Cu-Sn and Pd-Sn-Zn have been determined. 
The thermodynamic properties of the ternary Ag-Au-Sn, Au-Cu-Sn, and Pd-
Sn-Zn systems have been determined with the EMF method with a liquid 
electrolyte as well as with a Calvet type calorimeter. With the data obtained 
by the calorimetric method the viscosity of the Ag-Au-Sn system has been 
calculated using the model of Iida et al. The surface tension of the Ag-Bi-Sn and 
the Ag-Au-Sn system was calculated and will be presented. Additional results of 
the wetting angle of the Ag-Cu-Sn alloy with various compositions on copper 
and nickel substrate, as well as the temperature dependency of the wetting angles 
and some intermetallic structures will be presented.

4:40 PM
Development of Pb-Free Heat Resistant Joints Using Sn-Bi and Ag Powders: 
    Yoshikazu Takaku1; Yuki Sakurada2; Ikuo Ohnuma1; Kiyohito Ishida1;  1CREST-
JST, Tohoku University; 2 Tohoku University
     TLPS (Transient Liquid Phase Sintering) is a candidate method of heat-resistant 
jointing, which makes use of the reaction between low-melting temperature 
powder (P1) and reactive powder (P2). During heat treatment above the melting 
temperature of P1, the molten P1 reacts rapidly with the solid P2, which results 
in the formation of intermetallic compound (IMC). In this study, the TLPS 
properties of a combination of eutectic Sn-Bi and Ag powder were investigated. 
During differential scanning calorimetry measurement, an endothermic reaction 
occurred at the eutectic temperature of the Sn-Bi (139°C), followed by an 
exothermic reaction at about 220°C, which was caused by the formation of the 
Ag3Sn IMC and Bi-rich solid solution phases. After the overall measurement, 
the reactant contained the Ag3Sn and Bi-rich phases, which melt above 270°C, 
with a small amount of residual Sn-Bi eutectic phase. These results suggest that 
the TLPS process can be applied for Pb-free heat-resistant soldering.

4:55 PM
Phase Behavior of Sn- and Zr-Doped Alpha-Al2O3 upon Solution Annealing: 
   Liu Lung1; Lu Jer-Han1; Shen Pouyan1;  1University of NSYSU
     α-Al2O3 powders mixed with 8 mole % SnO2 versus ZrO2 were sintered 
and then solution annealed in air at specifi ed temperatures in order to study 
the expulsion of a small amount of aliovalent and size-mismatch solute.  X-
ray diffraction and analytical electron microscopic observations indicated that 
the Sn-doped alpha-Al2O3 sintered at 1500°C and then annealed  at 1000°C 
contains disk-like Guinier-Preston (G.P.) zones, which are parallel to (0001), 
(-12-10) and (10-10) planes of the host lattice.  By contrast, the Zr-doped alpha-
Al2O3 shows (0001) and {01-12}-specifi c distortion planes in association with 
coherent defect clusters when sintered (1600°C) and then solution annealed at 
higher temperatures (1200 and 1350°C) for effective diffusion.  The precipitation 
of (hkil)-specifi c G.P. zones and lattice distortion of the corundum-type structure 
upon exsolution of a rather limited amount of Sn4+ and Zn4+, respectively can 
be rationalized by structure anisotropy and defect chemistry of the hexagonal 
close packed oxide.

Recent Advances in Thin Films: Applications
Sponsored by:  The Minerals, Metals and Materials Society, TMS Electronic, 
Magnetic, and Photonic Materials Division, TMS: Thin Films and Interfaces Committee
Program Organizers:      Nuggehalli Ravindra, New Jersey Institute of Technology; 
Gregory Krumdick, Argonne National Laboratory; Choong-un Kim, University of Texas; 
Narsingh Singh, Northrop Grumman, ES

Monday PM Room:  3011
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Narsingh Singh, Northrop Grumman Corp ES; Gregory 
Krumdick, Argonne National Laboratory

2:00 PM  Introductory Comments 

2:05 PM  Keynote
Mechanisms of Crystallization and Grain Growth of Amorphous Si Thin 
Films by Metal-Initiated Crystallization:      Nuggehalli Ravindra1; Bhushan 
Sopori2; Vishal Mehta1; Peter Rupnowski2; A. Rangappan2;  1New Jersey Institute 
of Technology; 2National Renewable Energy Lab
     The mechanisms of crystallization and grain growth of amorphous silicon 
thin Films by metal-initiated crystallization are described in relation to silicon 
solar cell fabrication.

2:35 PM  Invited
Rare Earth Impurity Centers in Silicon for Enhancement of Light Emission 
and Improving Photovoltaic Effi ciency:    Sufi an Abedrabbo1; Anthony Fiory1; 
Nuggehalli Ravindra1;  1New Jersey Institute of Technology
     While silicon is intrinsically an ineffi cient light emitter, there is considerable 
interest in improving its optical emission effi ciency through materials 
modifi cation by incorporation of rare-earth metals. Impurity centers will 
modify the silicon bandgap enabling an improved solar response when acting as 
photovoltaic devices. In this work, rare-earth metals impurity centers in silicon 
are investigated. Erbium is co-evaporated with silicon on silicon substrates along 
with other proper dopants. The processed samples are investigated optically by 
photoluminescence and structurally by Rutherford backscattering. 

3:05 PM
An Integrated Optical and Electronic Method to Measure Nano defl ections 
in a Silicon Diaphragm:    Ivan Padron1; Anthony T. Fiory1; N.M. Ravindra1;  
1New Jersey Institute of Technology
     The introduction of an embossed diaphragm in the fabrication of a pressure 
sensor facilitates in the fabrication of a Fabry-Perot optical sensor that permits 
to measure nano defl ections in a silicon diaphragm. A piezoresistive based 
electronic sensor is introduced as a Q-point stabilization method. An analytical 
and experimental analysis to study the behavior and performance of the Fabry-
Perot pressure sensor is presented.

3:25 PM
Effect of Gas Flow Rate on the Formation of Aligned Nanorods in ZnO 
Thin Films:       Nuggehalli Ravindra1; Sudhakar Shet2; Kwang-Soon Ahn2; Yanfa 
Yan2; John Turner2; Mowafak Al-Jassim2;  1New Jersey Institute of Technology; 
2National Renewable Energy Laboratory
      ZnO thin fi lms are deposited in mixed Ar and N2 gas ambient at substrate 
temperature of 500oC by rf sputtering ZnO targets. We fi nd that the presence 
of optimum N2 to Ar ratio in the deposition ambient promotes the formation 
of well aligned ZnO nanorods. ZnO thin fi lms grown at 25 % N2 gas fl ow 
rate promoted aligned nanorods along c-axis exhibit signifi cantly enhanced 
photoelectrochemical response, as compared to ZnO thin fi lms grown at other 
N2 to Ar gas fl ow ratios.  Our results suggest that chamber ambient is very 
important for the formation of aligned nanostructures, which offer potential 
advantages for improving the effi ciency of photoelectrochemical water splitting 
for H2 production.  
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3:45 PM
Modeling Epitaxial Quantum Dots Formation and Growth Using Finite 
Difference Method:       Solmaz Torabi1; Peng Zhou1; Shuwang Li2; Steven Wise3; 
Axel Voigt4; John Lowengrub1;  1University of California; 2Illinois Institute of 
Technology; 3University of Tennessee; 4Technische Universität Dresden
     Self-assembly semiconductor nanostructures such as quantum-dots are a 
promising inexpensive and effective approach to manufacture novel nanoscale 
electronic devices. The main goal is the production of large numbers of spatially 
ordered nanostructures with narrow size distribution via a controlled self-
assembly process. Consequently, we need to have a fundamental understanding 
of the self-organization process (nucleation, growth and coarsening) during 
epitaxial growth to achieve this goal. For this reason we study the infl uence 
of elastic, surface energies and kinetics on heteroepitaxial thin fi lm growth. 
Numerical studies in 2D and 3D are presented that complement experimental 
investigations. Here, we present a new approach for modeling strongly 
anisotropic crystal and epitaxial growth using regularized, anisotropic Cahn-
Hilliard-type equations as a model for the growth and coarsening of thin fi lms. 
A key feature of the new approach is that the interface thickness is independent 
of crystallographic orientation. We use an adaptive nonlinear multigrid fi nite-
difference method. 

4:05 PM
Opto-Electronic Properties of Pthalocyanines:    Fiorella Fuentes1; Nuggehalli 
Ravindra1; Parth Patel1;  1NJIT
     An overview of the opto-electronic properties of phthalocyanines is presented 
in this study. This overview is based on the application of Wemple-DiDomenico 
and Penn-like models to understand the opto-electronic properties of 
phthalocyanines in relation to their band structure. The utility of Pthalocyanines 
to various medical applications is summarized. 

4:25 PM  Break 

4:40 PM  Invited
Al and N Co-Doped ZnO Films with Signifi cantly Reduced Bandgap and 
Enhanced Photoelectrochemical Responses:       Nuggehalli Ravindra1; Sudhakar 
Shet2; Kwang-Soon Ahn2; Yanfa Yan2; John Turner2; Mowafak Al-Jassim2;  1New 
Jersey Institute of Technology; 2National Renewable Energy Laboratory
     We present results on bandgap narrowing and photoelectrochemical (PEC) 
response of Al amd N co-doped ZnO thin fi lms. The ZnO:(Al,N) thin fi lms 
were deposited by sputtering at substrate temperature of 100°C and followed by 
postannealing at 500°C in air for 2 hours. We found that ZnO:(Al,N) thin fi lms 
exhibited signifi cantly enhanced crystallinity as compared to ZnO, Al doped 
ZnO (ZnO:Al), and N doped ZnO (ZnO:N) at the same growth conditions. 
Furthermore, ZnO:(Al,N) thin fi lms exhibited enhanced N-incorporation and 
resulted in much reduced bandgap. As a result, ZnO:(Al,N) thin fi lms achieved 
improved PEC response, as compared to ZnO, ZnO:Al, and ZnO:N thin fi lms. 
Our results suggest a general way to reduce the bandgap and improve PEC 
response for wide-bandgap oxides.

5:10 PM  Invited
Enhanced Ferroelectric Properties and the Integrated Growth of Hf-
Doped Bismuth Titanate Thin Films on GaN Substrates:   Jun Zhu1; Yanrong 
Li1;  1State Key Laboratory of Electronic Thin Films and Integrated Devices, 
University of Electronics Science and Technology of China
     Hf-doped BIT (BTH) thin fi lms were fabricated on SrRuO3/SrTiO3/TiO2 
buffered GaN substrates by pulsed laser deposition. As confi rmed by x-ray 
photoelectron spectroscopy investigation, the oxygen bonded to B-site ions 
became much stronger after Hf substitution. X-ray diffraction scans, including 
θ-2θ and ρ-scans, showed that both fi lms were highly (104)-oriented. Compared 
to the BIT fi lms, the BTH fi lms have signifi cantly enhanced electrical properties 
with 3 times larger remanent polarization (2Pr=45.7μC/cm2), 0.7 times 
smaller coercive fi eld (2Ec=184 kV/cm) and better fatigue endurance(11.4% 
degradation). These results showed that equal-valence B-site Hf-substitution is 
effective to improve the electrical properties of BIT. By inserting effective buffer 
layers, BIT fi lm can epitaxially deposited on GaN substrates. The integration 
growth of ferroelectric fi lms with GaN may supply a possible way to realize 
multifunctional electronic devices.

5:40 PM
Synthesis and Characterization of ZnO:GaN Thin Films for 
Photoelectrochemical Water Splitting:       Nuggehalli Ravindra1; Sudhakar Shet1; 
Kwang-Soon Ahn2; Yanfa Yan2; John Turner2; Mowafak Al-Jassim2;  1New 
Jersey Institute of Technology; 2National Renewable Energy Laboratory
     ZnO:GaN thin fi lms with signifi cantly reduced bandgaps were synthesized 
by using ZnO and GaN targets at 100°C followed by postdeposition annealing 
at 500°C in ammonia for 4 hr. All the fi lms were synthesized by rf magnetron 
sputtering on F-doped tin oxide-coated glass. We found that ZnO:GaN thin fi lms 
exhibited narrowed bandgap, as a result showed improved PEC response, as 
compared to ZnO thin fi lm. Furthermore, ZnO:GaN thin fi lms  with various 
bandgap were realized by varying the N2 mass fl ow rate in mixed N2 and O2 
chamber ambient. 

Recycling of Electronic Wastes: Mechanical 
Recycling and Pyrometallurgical Recycling
Sponsored by:  The Minerals, Metals and Materials Society, TMS Extraction and 
Processing Division, TMS Light Metals Division, TMS Materials Processing and 
Manufacturing Division, TMS: Recycling and Environmental Technologies Committee
Program Organizers:      Lifeng Zhang, Missouri University; Fay Hua, Intel Corp; Oladele 
Ogunseitan, University of California, Irvine; Gregory Krumdick, Argonne National 
Laboratory

Monday PM Room:  2024
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Oladele  Ogunseitan, University of California-Irvine; Fay 
Hua, Intel Corp

2:00 PM  Introductory Comments 

2:05 PM
Green Combustion of Waste Printed Circuit Boards:   Lifeng Zhang1; Xiangjun 
Zuo1;  1Missouri University of Science and Technology
     In this paper, the pyrometallurgical recycling of Printed Circuit Boards (PCB) 
was executed. The mechanisms of thermal degradation and combustion were 
investigated using TG/DTA and MS. Some chemical powders, such as Na2CO3, 
NaHCO3, NaOH and CaCO3 were used to control the exhausted toxic gas, such 
as Br2. Finally a green combustion process for the recycling of waste PCB was 
proposed.

2:25 PM  Question and Answer Period 

2:35 PM
Industrial Recycling of Electronic Scrap at Boliden’s Rönnskär Smelter: 
Theo Lehner1; Hans Henriksson1;  1Boliden Mineral AB
     Recycling plays a central part in supplying the smelters with raw materials. 
Boliden has developed proprietary technology to extract metal values from 
complex secondary raw materials with minimal impact on the environment as 
well as on the workers health and safety. Recycling plays also a central part 
in the political and public perception of our business. Secondary raw materials 
collected on a global scale include secondary metal concentrates, metal scrap, 
electronic scrap; to mention a few. In the presentation the operations and 
performance will be presented and the challenges as well as opportunities along 
the road map will be discussed.

2:55 PM  Question and Answer Period 

3:05 PM
Size-Dependent Melting Characteristics of Lead-Free Solder Alloys in 
Microelectronics:   Rami Chukka1; NRMR Bhrargava1;  1A U College of 
Engineering
     Reduction of melting point for lead free solder alloys helps (Sn–Ag–Cu, 
Sn–Cu and Sn–Ag alloys) to work effi ciently for soldering of modern fi ne pitch 
electronic component design. Because lead free solders generally have liquidus 
points of 220ºC or higher, compared to the 183°C melting point of eutectic tin-
lead solder, that much of heat certainly damage electronic devices. Present work 
involves in size reduction of Tin based alloys to nano scale level in order to 
increase the surface area of crystalline materials it eventually results in lowering 
melting point. Nanoparticles of Sn3.5Ag0.5Cu, Sn3.5Ag and Sn0.7Cu lead free 
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solder alloys were produced by mechanical attrition using high energy planetary 
ball mill. The melting temperature depression due to nano size effect was 
calculated with differential scanning calorimeter (DSC) analysis and particle 
size is analyzed by using XRD data.

3:25 PM  Question and Answer Period 

3:35 PM
Thermal Behavior of Mixed Household Portable Batteries:   Denise Espinosa1; 
Jorge Tenório1;  1University of São Paulo
     The recycling of waste of electric and electronic equipment (WEEE) is one 
of the main modern challenges. Among the variety of WEEE, batteries can be 
set apart due to their composition and their growing demand along with portable 
devices. The objectives of this work are to characterize the thermal behavior of a 
sample of mixed types of batteries using a thermobalance (TGA). The results of 
tests showed that Cd evaporated up to 800ºC, Zn evaporation occurred mainly 
above 900ºC and manganese oxides were prereduced to MnO at temperatures 
above 900ºC.

3:55 PM  Break 

4:15 PM  Invited
Preparation of Cadmium Ingot and Nickel Powder from Spent Cd-Ni 
Batteries:       Li Changdong1; Xu Shengming2; Huang Guoyong1; Zhang Lifeng3; 
Xu Gang2; Tan Jingjin1;  1Foshan Brunp Nickel & Cobalt Technology Co., Ltd; 
2Tsinghua University; 3Missouri University of Science and Technology
     Cadmium ingot and Nickel powder were synthesized by high-temperature 
distillation, solvent extraction and liquid phase reducing method with Spent Cd-
Ni Batteries as raw material. The impacts of the temperature in the distilling 
stage , the concentration of H2SO4 in the leaching stage, the pH value in 
the extracting stage and the dosage of hydrazine in the reducing stage were 
discussed respectively; moreover, the samples were characterized by the means 
of X-ray diffraction (XRD), scanning electron microscopy (SEM), atomic 
absorption spectrometry (AAS) and inductively coupled plasma-atomic emission 
spectrometry (ICP-AES). The results showed that the recoverying effi ciencies of 
Cd and Ni reach 99.5% and 99.3%; and the purities of Cd ingot and Nickel 
powder are higher than 99.90% and 99.80% respectively.

4:35 PM  Question and Answer Period 

4:45 PM
Materials Recovery from Electronics Scrap via Mechanical Separation 
and Froth Flotation Technology:     Joseph Pomykala1; Bassam Jody1; Jeffrey 
Spangenberger1; Edward Daniels1;  1Argonne National Laboratory
     Argonne National Laboratory has developed a two-stage process for recovering 
materials from end of life electronics.  The electronics are fi rst mechanically 
processed to recover the residual metals and to produce a concentrated polymer 
fraction.  Applying a developed froth fl otation technology to the concentrated 
polymer fraction resulted in the separation and recovery of various polymers.  
This technology, which separates overlapping density materials from one another 
in an aqueous solution, has been successful in the separation and recovery of 
polymers such as acrylo-nitrile-butadiene-styrene (ABS) from polystyrene.  
This work was sponsored by the U.S. Department of Energy Offi ce of Energy 
Effi ciency and Renewable Energy.  This paper describes three case studies of 
different sourced materials processed through the Argonne National Laboratory 
pilot plant facility.  Results indicated that over 90% of the metals were recovered, 
the polystyrene was recovered at high concentrations and the ABS polymers 
could be recovered at concentrations greater than 95%.

5:05 PM  Question and Answer Period 

Shape Casting: Third International Symposium: 
Processes
Sponsored by:  The Minerals, Metals and Materials Society, TMS Light Metals 
Division, TMS: Solidifi cation Committee, TMS: Aluminum Processing Committee
Program Organizers:     John Campbell, University of Birmingham; Paul Crepeau, 
General Motors Corp; Murat Tiryakioglu, Robert Morris University

Monday PM Room:  2011
February 16, 2009 Location:  Moscone West Convention Center

Session Chair:   Alan Druschitz, University of Alabama at Birmingham

2:00 PM  Introductory Comments 

2:05 PM
Infl uence of Hydrogen Content and Bifi lm Index on Feeding Behaviour 
of Al-7Si Alloy:     Derya Dispinar1; Arne Nordmark1; Jorunn Voje2; Lars 
Arnberg3;  1SINTEF; 2Elkem Aluminium; 3Norwegian University of Science and 
Technology
     The relationship between ‘hydrogen-porosity’ and ‘Sr modifi cation-porosity’ 
has long been investigated. In this study, this phenomenon has been investigated 
in terms of bifi lm content. A feeding test with deliberately inadequate feeding to 
promote some degree of shrinkage porosity has been used to compare feeding 
and porosity of Al-7Si alloy in gravity die casting.  A melt with three different 
hydrogen contents was prepared by degassing fi rst and then upgassing to low, 
mid and high hydrogen levels (0.1, 0.2 and 0.3 respectively) with Ar-10%H2

mixture. Reduced pressure test samples were taken for bifi lm index calculation 
and 10 tensile test bars were cast into sand moulds for mechanical testing. The 
results showed that feedability was increased with B-grain refi ning (SiBloy 
alloy) than the conventional Ti-B grain refi ned. However, pore distribution was 
scattered in both cases when the alloys were Sr-modifi ed.

2:30 PM
Oxide Entrainment Structures in Horizontal Running Systems:    Carl Reilly1; 
Mark Jolly1; Nick Green1;  1The University of Birmingham
     During the transient phase of fi lling a casting running system surface turbulence 
can cause the entrainment of oxide fi lms into the bulk liquid. Research has shown 
that these are detrimental to the material’s integrity. Common mechanisms for 
this entrainment include returning waves, arising during fi lling of the runner bar, 
and plunging jets, found when pouring into a basin. One of these, the returning 
wave, has been studied in greater depth, using real-time X-ray and process 
modelling techniques alongside the application of physical principals. It has 
been concluded that when developed, returning waves cannot attain the more 
stable and less entraining tranquil fl ow regime desirable in the running system 
of castings.

2:55 PM
Degassing: A Critical Stage in the Manufacturing of Al-Si-Cu Alloys for 
Automotive Castings:    Eulogio Velasco1; Rocio Valdes Lopez2; Jose Nino2;  
1Texas State University; 2NEMAK
     In the manufacturing of aluminum blocks for automotive engines, porosity 
requirements on sealing surfaces and other critical areas are so stringent that 
special controls and special processes are required to remove hydrogen and 
inclusions from the molten aluminum. Several trials and adjustments in the 
degassing parameters and melting practices were evaluated at a production 
foundry. To evaluate the degassing process, density measurements were performed 
and to evaluate the inclusion content, fl uidity and PreFil™ measurements were 
performed. Additionally, the mechanical properties of the casting in the heat 
treated condition were determined. The relationship between the density as 
determined by the reduced pressure test (RPT) and actual hydrogen content as 
determined by an AlScan unit was established for A319 aluminum alloy. The 
results of the mechanical property tests showed a direct relation with the metal 
quality of the alloy.
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3:20 PM
Heat Treatment of A356.2 Aluminum Alloy: Effect of Quench Rate and 
Natural Ageing:     Manickaraj Jeyakumar1; Mohamed Mousa1; Mohamed 
Hamed1; Sumanth Shankar1;  1LMCRC-McMaster University
     A356.2 aluminum alloy is a popular commercial alloy used for structural 
shaped castings in automotive applications. The heat treatment of this alloy is 
critical to obtain the desired mechanical and performance properties. The three 
stages of heat treatment include, solutionizing, quenching and artifi cial ageing. 
In this study, the effect of quenching in water at 80°C and forced air at 33.5 
m/s velocity is quantifi ed. Further, the effect of natural ageing treatment prior 
to the artifi cial ageing is also quantifi ed. It is observed that the mechanical 
properties of the castings are signifi cantly affected by both the rate of quenching 
and the natural ageing treatment. Mechanical properties and hardness values are 
presented for standard tensile test specimen cast using gravity permanent mold 
process and subjected to various heat treatment conditions.

3:45 PM  Break 

3:55 PM
Process Parameters Study for Net-Shape Steel Casting:      Von Richards1; Simon 
Lekakh1; Darryl Kline1; K. Chandrashekhara1; Jian Chen1;  1Missouri University 
of Science & Technology
     The objective of this research was the experimental study and computational 
modeling of process parameters of net-shape steel casting with complicated 
geometry.  Gas permeability, burst pressure (pressurize water), and mechanical 
and physical properties at room and high temperatures for ceramic shells were 
evaluated for different ceramics.  The experimental data was used to simulate 
stresses in the ceramic shell, mold fi lling, and solidifi cation using ABAQUS and 
MAGMA software.  Models were verifi ed by pouring steel into ceramic molds 
of differing geometries and monitoring with electrical sensors and thermopiles 
connected to a high-speed DAQ.  The results will be used for the optimization 
of an industrial process.

4:20 PM
Improving Build Speed in Rapid Freeze Prototyping through Increase 
of Heat Transfer:    Ming Leu1; Sriram Isanaka1; Von Richards1;  1Missouri 
University of Science and Technology
     The heat transfer in the Rapid Freeze Prototyping (RFP) process has been 
signifi cantly increased for improvement of build speed and part accuracy. RFP 
is a solid freeform fabrication process in which water droplets are deposited and 
solidifi ed layer-by-layer to form three-dimensional ice patterns for investment 
casting. A mechanism has been devised to cool the substrate to as low as -140°C. 
Chilling plates were developed to enable effective transfer of heat with the aid 
of conduction. To ensure that deposited water does not freeze to the chilling 
plate, various surface coats were investigated. The most effective interface 
material was identifi ed using contact angles measured using high resolution 
digital photography. The experimental results were substantiated with model 
based simulations performed using Fluent and Gambit. The improvements in 
build speed and dimensional accuracy after incorporating the above changes 
were measured and presented.

4:45 PM
Cooling Properties of Frozen Sand Molds for Casting of Lead Free Bronze: 
    Hiroyuki Nakayama1; Shuji Tada1; Toshiyuki Nishio1; Keizo Kobayashi1;  
1National Institute of Advanced Industrial Science and Technology
     A frozen mold is an advanced sand mold provided by freezing the mixture of 
sand and water. Bronze cast plates, which had dimensions of 30x150x5 mm, were 
produced through the frozen mold casting process. The temperature transition 
of the cast plates just after pouring were measured at three positions, near the 
gate, the center and the far side, by high speed recorder with sampling time of 
1 ms. The temperature rapidly decreased on the initial stage. Subsequently, the 
slight temperature raise was observed in the near side of the gate. However, this 
phenomenon was not observed in the far side, where the temperature of melt was 
already decreased. In contrast, the above temperature raise was not observed at 
any positions in the casting by a green sand mold.

Structural Materials Division Symposium: 
Advanced Characterization and Modeling of Phase 
Transformations in Metals in Honor of David N. 
Seidman on his 70th Birthday: Thermodynamics of 
Phase Transformations
Sponsored by:  The Minerals, Metals and Materials Society, TMS Structural Materials 
Division, TMS: Advanced Characterization, Testing, and Simulation Committee, TMS: 
Chemistry and Physics of Materials Committee
Program Organizers:       Robert Averback, University of Illinois, Urbana-Champaign; 
Mark Asta, University of California, Davis; David Dunand, Northwestern University; Ian 
Robertson, University of Illinois at Urbana-Champaign; Stephen Foiles, Sandia National 
Laboratories

Monday PM Room:  3000
February 16, 2009 Location:  Moscone West Convention Center

Session Chair:   Mark Asta, University of California, Davis

2:00 PM  Invited
The Early Years:  David Brandon1;  1Israel Institute of Technology
     David Seidman has had a remarkably successful career, marrying atomistic 
studies of phase stability to kinetics and thermodynamics. But David’s seminal 
years were spent at the university of Illinois, completing his doctorate under the 
leadership of Bob Balluffi , and at Cornell, ‘learning’ fi eld-ion microscopy and 
developing the expertise that would later allow him to build his fi rst atom probe 
and then expand these facilities at Northwestern, to create the world’s leading 
international center for atom probe tomography. I met David Seidman when he 
was a graduate student at Illimois, where his room-mate was a former student 
of mine, Piers Bowden. My last ‘professional’ interaction with him was when 
I spent three weeks at Cornell, as a rather ineffectual ‘consultant’ on fi eld-ion 
microscopy. Our shared interests in microstructural characterization would not 
have suffi ced to maintain our friendship, but our shared interest in the State of 
Israel certainly has.

2:25 PM  Invited
Thermodynamic Properties of Grain Boundaries from Atomistic 
Simulations:       Jeffrey Hoyt1; D.L. Olmsted2; S. Jindal3; M. Asta3; A. Karma4; B.B. 
Laird5;  1McMaster University; 2Sandia National Laboratories; 3University of 
California, Davis; 4Northeastern University; 5University of Kansas
     Molecular dynamics (MD) and Monte Carlo simulations on an embedded 
atom method model of pure Ni have been used to study two thermodynamic 
properties of grain boundaries at elevated temperatures. First, premelting of a 
high energy Σ 9 twist boundary has been investigated and, in agreement with 
the classic experiment of Hsieh and Balluffi , premelting has been observed at 
temperatures very close to the bulk melting point. In addition, by monitoring the 
width of the liquid-like layer over the course of lengthy MD runs, the disjoining 
potential between the two solid-liquid boundaries is derived. In agreement 
with phenomenological models, the disjoining potential was found to decay 
exponentially with the premelted layer width. Second, a lattice switch Monte 
Carlo technique has been used to compute the excess boundary free energy as a 
function of temperature for the Σ 3 coherent twin.

2:55 PM  Invited
Chemical Short-Range Ordering in Liquid-Phase Ni Alloys:    Dallas Trinkle1; 
Mark Asta2; Christopher Woodward3;  1University of Illinois, Urbana-Champaign; 
2University of California, Davis; 3Air Force Research Laboratory
     First-principles modeling provides new predictive capabilities and atomistic-
scale insight into the behavior of alloys in the liquid phase.  In support of a 
current effort aimed at the development of validated mathematical criteria 
for predicting the formation of solidifi cation defects in Ni-based superalloys, 
ab-initio molecular dynamics (AIMD) simulations have been performed for 
elemental, binary and ternary alloys of Ni with Al, W, Re, and Ta, as well as a 
RENE-N4 multi-component superalloy, to compute equations of state, measure 
diffusion, and quantify short-range chemical and structural order at temperatures 
of 1830 and 1750 K.  Structural analysis based on radial distribution functions 
augmented with common-neighbor analysis and bond angle distributions reveal 
a strong tendency for icosahedral short range order for Ni-W and Ni-Re alloys.  
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Finally, short-range chemical ordering and neighbor distances for solutes are 
compared with elemental liquids for binary, ternary, and complex alloys.

3:25 PM  Break 

3:45 PM  Invited
Atomistic Modeling of Interfacial Thermodynamics:   Y. Mishin1; T. Frolov1;  
1George Mason University
     We present thermodynamic relations for the free energy, stress, strain, 
formation volume, segregation and other excess properties of interfaces in non-
hydrostatically stressed solid phases in forms convenient for their atomistic 
calculations. Cahn’s method of determinants permits easy access to all interface 
properties from “raw” atomistic data without having to compute the interface 
profi les. The equations are applied to examine the temperature and composition 
dependencies of interface free energy, interface stress, interface strain and 
interface segregation for a few free surfaces, grain boundaries, coherent 
phase boundaries and solid/liquid interfaces with different crystallographic 
orientations. The method is also used to study surface pre-melting and the 
orientation dependence of the solid/liquid interface stress by molecular dynamics 
and grand-canonical Monte Carlo methods. Extensions of the method to multi-
component systems with the substitutional, interstitial and mixed solubility 
mechanisms are discussed.

4:15 PM
Modeling of Diffusion along Triple Junction Lines:   T. Frolov1; Y. Mishin1;  
1George Mason University
     It has long been believed that diffusion along triple junction lines in metals 
is much faster than grain boundary diffusion. The anomalously high diffusivity 
in some nano-crystalline materials was sometimes attributed to a contribution of 
triple junctions. There have been very few experimental measurements and no 
atomistic calculations of triple-junction diffusion. As a result, no reliable self-
diffusion coeffi cients along triple junctions in metals are currently available. We 
present results of molecular dynamics simulations of triple-junction and grain-
boundary diffusion in copper over a wide temperature range. The unexpected 
result is that, although the diffusion coeffi cients in triple junctions are larger 
than in high-angle boundaries, they are of the same order of magnitude at all 
temperatures studied (700-1320 K). Thus the role of triple-junction diffusion in 
polycrystalline materials might be overestimated. Possible consequences of this 
fi nding are discussed. We have also studied pre-melting of triple-junctions and 
its effect on the diffusivity.

4:30 PM  Invited
Computational Approach to Phase Transformations at the Nanoscale: 
Alfredo Caro1; Paul Erhart1; Babak Sadigh1; Magdalena Caro1;  1LLNL
     The computational study of phase transformations is today a standard approach 
that provides detailed pictures of complex processes at scales going from the 
continuum down to the electronic structure. Since modeling phase transformation 
at the nanometer scale requires atomic resolution, there is an increasing interest 
on developing models for atomic interactions that translate the information 
obtained at the electronic scale into reliable classical potentials, able to carry 
information about thermodynamics of multicomponent systems. Concurrently, 
adequate tools to resolve the time and length scales required for these studies 
are being developed. Codes for massively parallel Metropolis Monte Carlo 
algorithm are available today and provide insight into equilibrium properties. 
The situation is not yet so developed for massively parallel kinetic Monte Carlo 
that would also provide kinetic information. In this talk I will review our work in 
nanophase alloys, from small clusters to bulk nanophases, developing potentials 
for alloys and codes for large systems, and our applications for grain boundary 
and surface segregation, corrosion, and radiation damage in steels.

5:00 PM  Invited
Free Energy Calculations for Rreactions of Lithium-Ion-Battery Electrode 
Materials in Acid:  Li(1+x+y)Mn(2-x)O4 Spinel:  Roy Benedek1;  1Argonne 
National Laboratory
     The lithiated transition metal oxides employed as cathodes in lithium-ion 
batteries react with aqueous acid by dissolving, or exchanging protons for lithium. 
We have previously developed a method to calculate free energies for reactions in 
acid of lithiated transition metal oxides by applying fi rst principles calculations 
for the solid phases and tabulated thermochemical data for aqueous species. In 
the present work, this approach is applied to calculate the reactions of LiMn2O4 
spinel, as a function of excess or defi ciency of lithium. Our results show that, 
as expected, the dissolution reaction driving force is maximum for Li2Mn2O4, 

for which all Mn is available for disproportionation to divalent and tetravalent 
states.  We fi nd however, that the driving force for dissolution decreases less for 
overlithiated compositions than might be expected if disproportionation were the 
only factor involved. Unlike the dissolution reaction, protonation is unfavorable 
at almost any composition.

5:30 PM
Antiferromagnetic Transition and Martensitic Transformation in Mn-Rich 
g-MnFe Alloy:  Ji Zhang1;  1Shanghai Jiao Tong University
     This paper attempts to pay attention to research the effect of antiferromagnetic 
transition on martensitic transformation. Observation of Transmission Electron 
Microscopy (TEM) and the measurement from Dynamic Mechanical Analysis 
(DMA) showed that there are (011) fct  twins of martensitic transformation in the 
alloy. Experiments of electrical resistance and Differential Scanning Calorimeter 
(DSC) show that the martensitic transformation temperature (Ms) and reverse 
martensitic transformation temperature (Af) in the Mn-rich g-MnFe alloy 
is closed to each other or almost coincide, and direct and reverse martensitic 
transformation are similar to the second order typed-continuous transition. 
Because there is the coupling between fi rst order martensitic transformation and 
second order antiferromagnetic transition, the temperature shape memory effect 
of the alloy showed a hysteresis-free characteristics in dilatation measurement. 
And there also is a magnetic-fi eld induced shape strain (MFIS) under applied 
magnetic fi eld and the maximum MFIS reached 1.6% at the applied fi eld of 3.8 
T.

5:45 PM
Rigorous Simulations of Kirkendall Effects in Polycrystalline Solids:    Hui-
Chia Yu1; Anton Van der Ven1; Katsuyo Thornton1;  1University of Michigan
     The Kirkendall effect stems from the biased interdiffusion in which the 
two atomic species have different exchange rates with vacancies that mediate 
diffusion. The vacancy injection/annihilation at their sources/sinks result in the 
so-called Kirkendall shift and deformation. In this study, we investigate the effect 
of grain boundaries acting as vacancy sources and sinks on the Kirkendall effect 
through computer simulations. The vacancy source effects on biased diffusion 
due to net vacancy fl ux and intermixing are analyzed. The result shows a new 
mechanism for the enhanced grain boundary diffusion. Furthermore, phase 
fi eld simulations are employed to study the Kirkendall deformation based on 
the treatment that assumes grain boundaries to be discretely distributed vacancy 
sources/sinks. The results demonstrate the local expansion and contraction near 
grain boundaries lead to a different deformation pattern from the conventional 
model that assumes a continuous vacancy source/sink within the bulk of solids.

Synergies of Computational and Experimental 
Materials Science: Three-Dimensional Materials 
Science II
Sponsored by:  The Minerals, Metals and Materials Society, TMS Materials 
Processing and Manufacturing Division, TMS/ASM: Computational Materials Science 
and Engineering Committee
Program Organizers:     Katsuyo Thornton, University of Michigan; Henning Poulsen, 
Risoe National Laboratory; Mei Li, Ford Motor Co

Monday PM Room:  3003
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Jonathan Madison, The University of Michigan; Peter 
Voorhees, Northwestern Univ

2:00 PM  Invited
Combining Serial Sectioning, EBSD Analysis, and Image-Based Finite 
Element Modeling:     Alexis Lewis1; David Rowenhorst1; Andrew Geltmacher1; 
George Spanos1;  1Naval Research Laboratory
     Recent work combining 3D data obtained from serial sectioning, electron 
backscatter diffraction (EBSD), and fi nite element modeling (FEM) of materials 
microstructures has led to new advances in the fundamental understanding of 
structure-property relationships in three dimensions.  Current techniques, both 
experimental and computational, will be described, with emphasis on imaged-
based FE methods which use experimental data from these 3D reconstructions 
as the initial input conditions for simulations of the mechanical response of 
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3D microstructures to various externally applied loading conditions.  Specifi c 
examples from work on a beta-Titanium alloy are utilized to illustrate the 
capabilities of these experimental and modeling techniques, the challenges and 
the solutions associated with these methods, and the types of results and analyses 
that can be obtained by the close integration of experiments and simulations.

2:40 PM
Modeling the Infl uence of Microstructure on Flow Stress in Ti-6Al-4V 
Alloy by Neural Networks:      N. S. Reddy1; C. H. Park2; Y. H. Lee3; Y. I. Son4; 
C. S. Lee2;  1Alternative Technology Laboratory, Pohang University of Science 
and Technology; 2Department of Materials Science and Engineering, Pohang 
University of Science and Technology; 3Wire Rod Research Group; 4Agency for 
Defence Development
     Neural networks (NN) were used to model fl ow stress in Ti-6Al-4V alloy with 
equiaxed, maretnsite and widmanstätten microstructure as initial microstructures. 
Continuous compression tests were performed over a wide range of temperatures 
(700-1100°C) with strain rates of 0.001-100 s-1 and true strains of 0.1-1.4. These 
tests have been focused to obtain fl ow stress data under varying conditions of 
strain, strain rate, temperature, and initial microstructure to train NN model. 
The feed-forward neural network consisted of two hidden layers with a sigmoid 
activation function and back propagation training algorithm used. The NN model 
was successfully trained across (α+ β) to β phase regimes and across different 
deformation domains. Sensitivity analysis was carried on trained model to study 
the quantitative effect of microstructure on fl ow stress. Results show that the 
NN model can correctly reproduce the fl ow stress in the sampled data and it can 
predict well with the non-sampled data. 

3:00 PM
Microstructural Analyses Using 3D Image-Based Finite Element Modeling: 
     Andrew Geltmacher1; Alexis Lewis1; Muhammed Qidwai2; David Rowenhorst1; 
George Spanos1;  1Naval Research Laboratory; 2SAIC
     Image-based fi nite element (FE) models derived from 3D reconstructions 
of real material microstructures have been used to simulate the mechanical 
response in several advanced engineering alloys. In the work presented here, 
3D image-based FE modeling of a single-phase beta Titanium alloy was used 
to determine the relationships between microstructure, crystallography, grain 
morphology, and mechanical response. Initial simulations show high stress 
concentrations at particular grain boundaries and junctions, and the combined 
3D microstructural and crystallographic information at these areas of high local 
stress is used to determine correlations between the measured microstructure and 
the simulated response. Results will be presented for a number of representative 
volumes sampled from a larger reconstructed volume which contains thousands 
of grains. The effects of volume sampling size, simulation parameters, and mesh 
generation techniques on the observed material response will also be discussed.

3:20 PM
Numerical and Experimental Investigation of Deformation Behavior of a 
Duplex Microstructure of a γ-TiAl Alloy Using Crystal Plasticity and Two 
Scale Modeling Approach:     Mohammad Rizviul Kabir1; Liudmila Chernova1; 
Nikolay Zotov2; Marion Bartsch1;  1German Aerospace Center; 2Ruhr-Universität 
Bochum
     The 3-dimensional microstructure of a duplex γ-TiAl has been modeled in a 
parameterized FE-model using a two scale approach (FE2-approach) for micro 
and macro coupling. The most important microstructural features, such as α2 and 
γ-phases, their volume percents, orientations, lamellar and globular arrangements, 
were representatively incorporated. The microstructure information was 
experimentally determined by SEM, TEM and EBSD analysis. For describing 
the micromechanics of the phases a continuum based crystal plasticity model 
was used. The model parameters were validated on the microscopic level by 
nano-indentation testing and on the macroscopic level by tensile tests at room 
temperature. The global deformation behavior was explained fairly well by 
the slip interactions, the local stresses, and the local strains predicted by the 
modeling approach. The model can be used for optimizing the microstructure of 
polycrystalline materials for components.

3:40 PM  Break 

4:00 PM  Invited
Combined 3D X-Ray Microscopy and Dislocation Dynamics Simulation 
Investigation of the Fundamental Aspects of Deformation in Copper: 
Bennett Larson1; Jie Deng2; Anter El-Azab2;  1Oak Ridge National Laboratory; 
2Florida State University
     Submicron resolution 3D x-ray microscopy measurements have been 
combined with dislocation dynamics simulations to initiate an investigation 
of the fundamental aspects of deformation in metals. 3D x-ray microscopy 
measurements of local plastic deformation were performed with 0.5 μm 
resolution (~0.3 μm beam size) on initially dislocation free Cu single crystals 
that were deformed in compression to strains varying from 1% to 7.6% along 
the [100] direction. Dislocation dynamics simulations were performed for 
[100] axial deformation of fcc Cu for strain values ranging up to 1.6%. The 
overlapping strain magnitudes for the measurements and simulations provide 
a direct and quantitative link between nondestructive 3D x-ray microscopy 
measurements and fi rst principles simulations of deformation. Quantitative 
comparisons between the measured and simulated local lattice curvatures will 
be presented in graphical and statistical form. Research supported by the US 
DOE Offi ce of Science, Basic Energy Sciences, Division of Materials Sciences 
and Engineering.

4:40 PM
X-Ray Synchrotron Tomography for Three Dimensional (3D) Microstructure 
Visualization and Modeling of Deformation in Metal Matrix Composites: 
Flavio Silva1; Jason Williams1; Nikhilesh Chawla1; Pedro Portella2; Bernd 
Mueller2;  1Arizona State University; 2Federal Inst for Mat Rsch & Testing 
BAM
     Current analytical and numerical techniques simplify the complex and 
heterogeneous microstructure of composite materials. These simplifi cations 
make modeling and analysis more effi cient and straightforward, but fail to 
accurately predict the effective properties and local damage behavior which are 
inherently dependent on microstructure. We report on a novel methodology that 
addresses the critical link between microstructure and deformation behavior, by 
using a three-dimensional (3D) virtual microstructure as the basis for a robust 
model to simulate damage caused by deformation. The approach involves 
capturing the microstructure by novel and sophisticated x-ray tomography 
techniques, followed by image analysis, 3D reconstruction of the microstructure, 
and incorporation into a powerful fi nite element modeling code for simulation. 
We will present a case study based on uniaxial tensile deformation of SiC particle 
reinforced Al alloy matrix composites. In particular, the damage in the form of 
particle fracture will be described.

5:00 PM
Assessing the Sensitivity of FEM-Based Crystal Plasticity Models to 
Microstructures: A Multi-Scale Crystal Plasticity Model Combined with 
Experimental Methods:     Remi Dingreville1; Corbett Battaile1; Luke Brewer1; 
Elisabeth Holm1;  1Sandia National Laboratories
     In this paper, we examine the effect of the microstructure on the elasto-
plastic response of polycrystals by combining a non-local crystal plasticity 
simulations with experimental microscale characterization. The morphology 
and deformation behavior of polycrystals are characterized using electron 
back scatter diffraction (EBSD) and in situ tensile testing, and fi nite element 
simulations of the deformation are performed using an augmented kinematics 
framework and a non-local crystal plasticity constitutive treatment allowing 
a natural description of microstructure by featuring low angle sub-grain 
boundaries and high angle grain boundaries. Comparisons between experimental 
observations and computational simulations are provided at the macroscopic 
and microscopic scale. The contrasts between the experimental investigations 
and modeling technique highlight the strong and weak points of the theoretical 
framework used.

5:20 PM
A Failure Surface Calibrated with Mechanical Testing, Finite Element 
Analyses, and Metallography:    Matthew Hayden1; Xiaosheng Gao2; Charles 
Roe1;  1Naval Surface Warfare Center; 2The University of Akron
     Ductile fracture is a complex phenomenon currently implemented in structural 
codes as empirical fi ts of material testing. Most often, these fi ts do not fully 
capture the effects of stress state, nor are they tied to material microstructure. 
This study develops a three-dimensional failure surface calibrated to 5083-H116 
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aluminum with a suite of tension, torsion, and compression tests over a broader 
range of stress states. Finite element models coupled to material microstructural 
topology analyze each specimen geometry to calculate local stress state and 
failure strain at the region of failure initiation.

Transformations under Extreme Conditions: A New 
Frontier in Materials: Melting and Solidifi cation II
Sponsored by:  The Minerals, Metals and Materials Society, ASM International, 
ASM Materials Science Critical Technology Sector, TMS Materials Processing and 
Manufacturing Division, TMS/ASM: Phase Transformations Committee
Program Organizers:       Vijay Vasudevan, University of Cincinnati; Mukul Kumar, 
Lawrence Livermore National Laboratory; Marc Meyers, University of California-San 
Diego; George “Rusty” Gray, Los Alamos National Laboratory; Dan Thoma, Los Alamos 
National Laboratory

Monday PM Room:  3001
February 16, 2009 Location:  Moscone West Convention Center

Session Chairs:    Robert Hixson, Naval Postgraduate School; Jorg Wiezorek, 
University of Pittsburgh

2:00 PM  Invited
Dynamics of Ultrafast Melting and Solidifi cation in Metals:     Robert Averback1; 
Wai-Lun Chan1; David Cahill1; Yinon Ashkenazy2;  1University of Illinois; 2The 
Hebrew University of Jerusalem
     Melting and solidifi cation in metals have been investigated using a 
combination of experimental and simulation methods. The experimental work 
measures the velocity of the advancing melt front in Ag following excitation 
with a femtosecond laser and the subsequent resolidifi cation as a function of 
undercooling. The liquid-solid transitions are followed using third harmonic 
generation of light. Critical to understanding these experiments is the thermal 
transport of energy under such extreme conditions. MD simulations were used 
to examine resolidifi cation behavior as a function of undercooling in a number 
of metals, both FCC and BCC. We illustrate that the interface kinetics can be 
divided into three temperature regimes, with the lowest being controlled by 
diffusion. We also demonstrate a correlation in the low-temperature regime 
between the migration process controlling the crystallization and equilibrium 
point defect properties.

2:35 PM
Microstructural Changes in Al Thin Films during Pulsed Laser Induced 
Rapid Lateral Solidifi cation:    Andreas Kulovits1; John Leonard1; Jorg 
Wiezorek1;  1University of Pittsburgh
     Sputtered Al fi lms (70-140nm thick) with and without silica cap-layers 
were melted using a single excimer laser (KrF) pulse with 28ns duration. 
SEM and TEM studies revealed RS microstructures consisting predominantly 
of through-fi lm thickness high aspect ratio grains (~10-20μm long, 1μm 
wide) with an in-fi lm-plane columnar structure, containing a variety of crystal 
defects. XRD and SEM EBSD measurements were used to quantify texture 
changes. Theoretically estimated re-solidifi cation times of 100 to 500ns imply 
extremely fast solidifi cation front velocities (~102m/s). The thin fi lm sample 
geometry we successfully used for pulsed laser melting of Al and also Cu, Ag, 
Cr, Ni is suitable for dynamic in-situ experimentation using a novel in-situ 
TEM instrument or Dynamic TEM (DTEM). The DTEM uniquely offers the 
combination of nanoscale temporal and spatial resolution critically required for 
studying directly by experiment the dynamics associated with these unique and 
extremely rapid phase transformations.

2:55 PM
A Computational Model for Thermal Response of Semi-Transparent 
Materials to Laser Processing:   Jeffrey Colvin1; James Stölken1;  1Lawrence 
Livermore National Lab
     Lasers are widely used to modify the internal structure of semi-transparent 
materials for a wide variety of applications, including waveguide fabrication and 
laser glass damage healing. The diffusion approximation used in past models to 
describe radiative cooling is not adequate for these materials, particularly near 
the heated surface layer. In this paper we describe a new computational model 
based upon solving the radiation transport equation by the Pn method with 
~1000 photon energy bands. The model accounts for the temperature-dependent 

absorption of infrared laser light and subsequent redistribution of the deposited 
heat by both radiative and conductive transport. We present representative 
results for fused silica irradiated with 1-2 W for 10 s pulse durations. This work 
was performed under the auspices of the US Department of Energy by Lawrence 
Livermore National Laboratory under contract No. DE-AC52-07NA27344, with 
support received from LDRD Project #08-ERD-057.

3:15 PM  Invited
Experimental and Theoretical Research on Shock-Induced Phase 
Transformation in LSD:        Wenjun Zhu1; Jianbo Hu1; Xianmin Zhou1; Jun Li1; 
Xinlin Cui1; Chenda Dai1; Hongliang He1;  1Laboratory for Shock Wave and 
Detonation Physics Research
     Shock-wave has advantage to generate high pressure condition, where 
materials can undergo rich pressure-driven phase transformations. However, it 
is critical to measure the phase transformation pressure and to determine the new 
phase structure as well as phase boundaries due to very short time. We present 
three examples to show recent experimental and theoretical progresses on shock-
induced phase transformation in our lab (LSD). (1) The classic confi guration 
of reverse-impact experiments has been modifi ed to enhance the accuracy of 
high-pressure sound velocity measurements. The shock induced bct to bcc 
phase transformation with slight change of volume in tin is distinctly detected 
through sound velocity measurements. (2) The phase transformation pressure 
for LiTaO3 and the structure have been determined by combination methods 
of shock velocity (D) versus particle velocity (Up) relation measurements 
and fi rst-principle calculations. (3) Effects of defects to shock-induced phase 
transformation in iron have been investigated by molecular dynamics (MD) 
simulations.

3:50 PM  Break 

4:05 PM  Invited
Shock Wave Exploration of the High Pressure Phases of Carbon:    Marcus 
Knudson1; Mike Desjarlais1; Dan Dolan1;  1Sandia National Laboratories
     The high energy density response of diamond has gained interest of late due to 
its relevance to planetary astrophysics and the possible use of diamond an ablator 
material in inertial confi nement fusion capsules. Recently, experiments utilizing 
an ultra-high fl yer plate capability at the Sandia Z accelerator were performed 
to determine the Hugoniot and the shock melting properties of polycrystalline 
diamond. Composite aluminum/copper fl yer plates were used to shock load 
diamond samples to pressures ranging from 5 to 14 Mbar. Multiple samples and 
fast diagnostics provided Hugoniot measurements with ~1% accuracy in density. 
This work provides compelling evidence for the existence of a diamond-bc8-
liquid triple point along the coexistence region of the Hugoniot, at a pressure 
and density of ~850 GPa and ~6.5-6.6 g/cc. These high precision Hugoniot 
measurements at multi-Mbar pressures allow for high fi delity comparisons 
with recent quantum molecular dynamics calculations, and provides the fi rst 
experimental evidence of a high pressure solid phase of carbon beyond that of 
diamond.

4:40 PM  Invited
Dynamic Solidifi cation of Water under Quasi-Isentropic Compression: 
Heterogeneous Nucleation and Beyond:  Daniel Dolan1;  1Sandia National 
Laboratories
     Solidifi cation is well established under static compression, but has proven 
elusive under dynamic compression. Creating solidifi cation states with dynamic 
compression is challenging, and these states are short lived, whereas freezing 
is generally a slow phase transition. Using quasi-isentropic compression, it is 
possible to bring liquid water from ambient conditions to states deep within the 
ice VII domain on nanosecond time scales. Under these conditions, water can be 
made to solidify in two ways. If an appropriate nucleator is present, metastable 
water transforms to a mixed phase over the course of 10-100 ns. Much faster 
solidifi cation occurs if compressed water is driven beyond its metastable limit. 
Both types of transformation have been observed experimentally in water, and 
will be discussed in this presentation. Sandia is a multiprogram laboratory 
operated by Sandia Corporation, a Lockheed Martin Company, for the United 
States Department of Energy’s National Nuclear Security Administration under 
contract DE-AC04-94AL85000.
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5:15 PM
Liquid-Solid, Pressure-Induced Phase Transition for Water: Simulations: 
Daniel Orlikowski1; Jeff Nguyen1; Neil Holmes1;  1Lawrence Livermore National 
Laboratory
     Hydrodynamic simulations of liquid water undergoing a pressure-induced 
phase transition into ice VII are presented. From initial ambient conditions, the 
liquid system is quasi-isentropically compressed into its solid phase. To develop 
this modeling effort, we have used unique quasi-isentropic, light-gas gun data 
for water that have measured a phase-fraction along this path. Combining this 
information with the equilibrium equation of state (EOS), we have evaluated 
a possible kinetic model for its liquid to solid phase transition. Specifi cally, 
the simulations use two tabular single phase EOS’s. To mitigate between the 
single phase EOS’s during the mixed-phase intervals, a thermodynamic linear 
mixing scheme is used to compare to a simple kinetic model containing an time 
constant determined from experiment. The simulation models in one dimension 
the entire experimental setup, accounting for the wave interactions throughout 
the impactor and target, which are compared with experiment.

5:35 PM
Transient Ionization of Shock Compressed Water Near Planetary Isentropes: 
      Nir Goldman1; Evan Reed1; Will Kuo1; Laurence Fried1; Christopher Mundy2; 
Alessandro Curioni3;  1LLNL; 2Pacifi c Northwest National Laboratory; 3IBM 
Research
     We report herein fi rst principles simulations of water under shock loading 
near the isentropes of Neptune and Uranus. Accurate description of the chemical 
mechanism for the ionic conductivity at high pressures and temperatures is of 
particular importance to models of the planetary dynamo mechanism in these 
planets. Using a novel simulation technique for shock compression, we are able to 
make excellent comparison to the experimental results for the Hugoniot pressure, 
temperature and density fi nal states. Our simulations resolve controversy by 
showing that a unimolecular mechanism for electric conduction dominates at 
high pressures along the shock Hugoniot. Near the approximate intersection 
of the Hugoniot and the planetary isentrope we observe high concentrations of 
negatively charged species that contribute electronic states near the band gap. 
Our results provide a microscopic picture of the chemistry at planetary depths of 
ca. 6000 km and greater.




