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8:30 AM
Solution-Processed Nanostructured ZnO Electrodes for Photovoltaics:
Rodrigo Noriega-Manez!; Ludwig Goris'; Sujay Phadke!; Greg Kusinski2;
Alberto Salleo!; !'Stanford University; 2Clemson University

Zinc oxide (ZnO) is a strong candidate for replacing indium tin oxide in
solar cell electrodes and transparent electronics, provided that a high quality
material with optimized properties can be obtained with a low-cost and high-
throughput process. With this in mind, aluminum- and gallium-doped ZnO
nanowires were synthesized using a low-temperature solution-based process,
improving their electrical conductivity without affecting optical transparency.
The resulting nanowires were characterized with electron microscopy (SEM,
TEM), XRD, and composition-sensitive techniques (AES, XPS, EDS); the
electrical properties were observed with a four-terminal probe. The dependence
of sheet resistance with temperature and doping was studied. In-plane alignment
of the nanowires allowed us to observe the effect of morphology in the film’s
resistivity, and single-wire measurements provided insight into their electronic
characteristics. Early attempts to achieving uniform dopant incorporation are
presented, as well as their effect on device performance.

8:45 AM
Zinc Oxide Nanostructure Devices: Effect of Surface Cleaning by UV
Radiation: Ved Verma'; Santanu Das'; Minnhyon Jeon* Wonbong Choil;
IFlorida International University; 2Inje University

We have studied the effect of surface cleaning on device performance of
zinc oxide thin films transistors (ZnO-TFTs) and zinc oxide nanowire field
effect transistors (ZNW-FETs). Ultraviolet irradiation at high temperature (~400
K) and under high vacuum (~4.0 x 10+ Torr) conditions enhances the device
performance by removing the adsorbed oxygen species from the surface of
nanostructures. 1 wt% Ga-doped ZnO-TFTs demonstrate mobility of 5.7 cm?/ Vs
at low operation voltage (<5V), with a low turn-on voltage of 0.5 V and sub-
threshold-swing of 85 mV/ decade. In case of ZNW-FETs this surface cleaning
increases the source-drain current value upto ~7 pA from ~0.4 pA at a bias
voltage of 3 V. ZNW-FETs fabricated in this study exhibits mobility of ~28 cm?
Vs and a high on-off ratio of ~10°. As fabricated FETs show a large hysteresis
of ~5.0 to 8.0 V which is significantly reduced to ~1.0 V by surface treatment
process.

9:00 AM
Synthesis of Nanostructured Anatase and Its Grain Size Effect on Catalytic
Properties: Francisco Robles Hernandez!; Leonardo Gonzalez-Reyes?; Isaias
Hernandez-Pérez3; Hector Dorantes Rosales?; Elsa Arce Estrada; 'University
of Houston; Z2Instituto Politécnico Nacional; 3Universidad Autéonoma
Metropolitana

In the present paper are given the results of sono-synthesis of anatase
nanoparticles that was heat treated at different times and temperatures to coarsen
and investigate the effect of grain size and purity effects on catalytic properties
of anatase. Pure anatase was coarsened from 6.2 nm to 28.3 nm and in a mix
of anatase and rutile anatase reached a grain size of 89 nm, while pure rutile
reaches a grain size of 232 nm. The coarsening kinetics of anatase and rutile
show behaviors similar to those of described by the LSW theory. In this work

is proposed an algorithm to predict the surface characteristics of pure anatase
based on the X-Ray diffraction results. Results of electro and photo catalysis
are presented and are related to the surface characteristics of nanometric anatase.
Anatase and/or rutile were characterized by means of: TEM, SEM, XRD, BET,
UV-vis, Raman, Infrared, photo- and electro-catalysis.

9:15AM
ZnO Nanowires Doped with Al and Ga Synthesized by a Low-Temperature
Solution-Based Process: Greg Kusinski'; Pooja Puneet'; Rodrigo Noriega-
Manez?; L Goris?; Alberto Salleo?; 'Clemson University; 2Stanford University
Zn-based oxides, due to the great natural abundance and low toxicity of Zn,
are attractive replacement materials for indium tin oxide as transparent electrode
in thin-film solar cells. ZnO can be made conductive by doping with group
IIT elements. In this study, a solution-based chemistry was used to synthesize
intrinsic, Al-doped and Ga-doped ZnO nanostructures. The nanowires were
grown at 300°C in trioctylamine by dissolving zinc acetate. The amount of
dopant atoms was modulated by controlling the dopant salt (Aluminum acetate
or Gallium nitrate) concentration in the solution to obtain the desired Al:Zn
or Ga:Zn ratio. Different doping conditions gave rise to different nanoscale
morphologies. The effect of a surfactant (oleic acid) was also investigated.
An electron microscopy (TEM, HRTEM, EDS, EELS) study correlating the
morphology, aspect ratio, surface roughness and doping of the individual ZnO
wires to the electrical properties of the spin coated films is presented.

9:30 AM
Synthesis of Titanium Oxide Nanotubes with Sonoelectrochemical Method:
Saleh Nowrouzi'; Mehdi Attarchi'; S.K. Sadrnejad'; Behnam Gohari!; 'Material
and Energy Research Center

Titanium oxide nanotubes have many important applications, for example
in biomaterial, solar cell, hydrogen storage or gas sensing. Synthesis of these
nanotubes are carried out upon applying electrical potentials, ranging from 20-
150 v at various acidic solutions such as phosphoric acid and hydrofluoric acid.
Sonoelectrochemical method is a new strategy for synthesis which shows very
good results. The purpose of this investigation is synthesis of these nanotubes
regarding the optimization of such parameters as solution composition, anodizing
potential and ultrasound optimum situation in order to attain significant synthesis
output.

9:45 AM
Sonochemical Synthesis of TiO2 Nanoparticles and the Effect on the
Structural and Morphological Evolution under Thermal Treatment
and Their Electrochemical Properties: Leonardo Gonzalez-Reyes!; Isaias
Hernandez-Perez'; Hector Dorantes-Rosales!; Jose de Jesus Rivera?; Francisco
Carlos Robles-Hernandez?; IInstituto  Politecnico Nacional; 2UASLP;
3Transportation Technology Center Incorporated

TiO2 with an average grain size of 6 nm and BET surface area of 300 m2g-1,
has been synthesized by Sonochemical method. The structure and particle size
were determined by XRD and TEM. The stability of TiO2 was studied in the
range of 400 to 900°C. The TEM study elucidates porous spheres. Heat treated
was accompanied by a change on the BET from 300m2g-1 to 25 m2g-1. The
electrochemical properties shows singularities that could be explain for the
complex network of an original sample and quantum size effects. The influence
of the size dependent and structure phase on store charge and current density,
respectively. In fact, the highest current-charge magnitude is presented in the
sample with a heat treatment of 450°C. It means that there is an optimal size,
with its structural and morphological properties, to improve electro-reduction
process. These analyses has been demonstrated and reported herein.

10:00 AM Break

10:15 AM
Formation of Zirconia Coatings by Laser Ablation: Maxim Pugachevsky';
Alexander Kuz‘menko?; Victor Zavodinskiy?®; Sergey Pyachin®; 'Institute of
materials of Khabarovsk scientific centre of Far Eastern Branch of the Russian
academy of Sciences; 2Pacific national university; 3Institute of Materials of
Khabarovsk Scientific Centre of Far Eastern Branch of the Russian Academy
of Sciences

Zirconia coatings were formed on monocrystalline silicon substrate by laser
ablation. Zirconia monoclinic powder alloyed by CO2 laser was used as a source.
The pulsed radiation (YAG: Nd3+) was used with pulses up to Ims and power up
to 1 kWatt. The maximal size of particles deposited on the substrate was limited
by the special filter. The SEM, TEM, AFM and X-ray analyses have shown that
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the coating consists of particles of the cubic phase. A probable mechanism for
cubic ordering of the ablated ZrO2 is thermal stabilization.

10:30 AM
Fabrication and Characterization of Single TiO2 Nanotube for Chemical
and Bio Sensor Applications: Mingun Lee!; Dongkyu Cha'; Hyunjung Shin?;
M.J. Kim'; Jiyoung Kim!; 'University of Texas at Dallas; 2Kookmin University
Focus has been placed on TiO, nanotubes as a material for emerging
applications particularly chemical and biological sensors.It is nontoxic and
provides not only a large surface to volume ratio but also an open capped hollow
structure. The nanotubes also exhibited n-type semiconductor behavior and show
electrical conductance modulation under different environments. This implies
the feasibility of using TiO, nanotubes for chemical sensors. Additionally, we
explore their applications as biomaterial detectors. The surface of the nanotubes
was functionalized by SAM (Self Assembly Monolayer) compounds with
various terminal functional groups, such as carboxylic and alkosyl groups, to
detect other species selectively. In this study, we will present the viability of
functionalized TiO, nanotubes for bio-sensors with selective detection. This
research was supported by a grant (code #: M105K0010026-05K1501-02611)
from ‘Center for Nanostructured Materials Technology’ under *21st Century
Frontier R&D Programs’ of the Ministry of Science and Technology, Korea.

10:45 AM
The Photocatalytic and Antimicrobial Activity of Cotton Fabrics Treated
with Silver-Doped Titanium Dioxide Nanocrystals: Guoliang Li'; Bing Peng’;
ISchool of Metallurgical Science and Engineering, Central South University
Cotton fabrics were treated with silver-doped titanium dioxide nanocrystals
in self-made finishing agent and general non-iron finishing agent to provide the
photocatalytic and antimicrobial properties for cotton fabrics by linking of silver-
doped titanium dioxide to cellulose structure. The concentration of silver-doped
TiO2 nanocrystals in the finishing agents as well as the treatment conditions
significantly affected the properties of treated cotton fabrics. The treated cotton
fabrics showed fine photocatalytic activity to enhance the decolorization,
degradation of methyl orange under UV light irradiation, good antimicrobial
activity against Escherichia coli, and strong time effectiveness of photocatalytic
and antimicrobial properties which was characterized by the standard test to
washing. The optimal property was obtained when the cotton fabrics were first
treated with general non-iron finishing agent, then self-made finishing agent
including 3% silver-doped TiO2 nanocrystals, predried at 80° for 5 min, and
cured at 120° for 3min.

11:00 AM
The Photocatalytic Activity of N-Doped TiO2 under Sunlight: Ligiang Liu';
Bing Peng!; Liyuan Chai!; !School of Metallurgical Science and Engineering,
Central South University

In order to utilize sunlight in a photocatalytic reaction , yellow N-doped titania
was prepared by calcination of a mixture of the hydrolysis product(H2TiO3) of
TiOSO4 and urea. The catalysts were characterized by XRD, SEM and UV-
Vis absorption spectra. The results showed that all catalysts were anatase, and
the doping of nitrogen could extend the absorption spectra from UV light to
the visible light region. The photocatalytic activity of N-doped TiO2 was also
characterized by degradation of methyl orange. The results further showed that
the photocatalytic activity was affected by calcination temperature, time, Ti/N
ratio, pH and concentration of titania. The photocatalytic reaction rate of N-
doped TiO2 was more rapid than the pure titania. There existed an optimal Ti/N
ratio for the catalysts calcined at 400°, which resulted in the highest photoctalytic
activity.

11:15AM
Erosion-Corrosion Resistance of Plasma Sprayed Nanostructured Titanium
Dioxide Coating: Abdul B. Jabbar!; Ahmad Zaki'; 'KFUPM

Nanostructured Titanium Dioxide (n-TiO2) thermal sprayed coatings have
demonstrated a superior strength and durability compared to conventional TiO2
coatings. Whereas some studies on the corrosion resistance of plasma air sprayed
n-TiO2 coatings have been conducted in the past, data on the erosion-corrosion
behavior of these coatings is seriously lacking. Nanostructured powder (99%
min purity) from METCO; AE9340, AE9342, and AE9303 were used to make
agglomerates. Powder AE9342 was spray dried and densified, whereas powder
AE9303 was chemically precipitated and spray dried. A high density polyvinyl
chloride (HDPVC) was constructed for erosion-corrosion studies. AE9342
showed a dense oxide layer and elongated oxide covered lamellae with a spherical

morphology and a very narrow inter-lamellar zone. AE9303 showed an uneven
surface morphology and high pore density. The specimens were subjected to a
maximum velocity of 4 ms—1 in a NaCl-polystyrene slurry. Specimen AE9342
dried and densified showed a lower sensitivity to erosion-corrosion compared
to AE9303 (dried and sintered n-TiO2 coating). No appreciable difference
between the corrosion resistance of conventional TiO2 coated (standard) and n-
TiO2 coated (AE9342 was observed).The erosion-corrosion resistance of plasma
sprayed microstructure TiO2 coating depends mainly on the characteristic of the
feed powder, dispersion of slurry, reconstituted nano-powder and the control
of key spraying parameters. The resistance of the nanostructured coatings to
erosion-corrosion may further be improved by using impervious sealants and
bond coatings with greater adhesion with the substrate.

11:30 AM
Corrosion Behavior of Nanostructured Titanium Dioxide Coating in Neutral
Sodium Chloride Solutions: Ahmad Zaki'; Abdul B. Jabbar'; 'KFUPM
Studies were undertaken to determine erosion corrosion resistance of plasma
air sprayed nanostructured and conventional titanium dioxide coatings (n, TiO2)
ina sodium chloride polystyrene slurry. Nanostructured powder (99% min purity)
from METCO; AE9342, and AE9303 were used to make agglomerates. Powder
AE9342 was spray dried and densified, whereas powder AE9303 was chemically
precipitated and spray dried. Erosion corrosion studies were conducted in a
customized loop. Specimen AE9342 showed a spherical surface morphology
and very narrow inter-lamellar zone whereas AE9303 showed an uneven surface
morphology and high pore density. Specimen AE9342 showed lower sensitivity
to erosion-corrosion compared to AE9303. No appreciable difference between
erosion corrosion resistance of conventional TiO2 coated specimens and n-
TiO2 coated was found. It was observed that the erosion-corrosion resistance of
plasma sprayed microstructure TiO2 coating was dependent on the characteristic
of feed powder, dispersion of slurry, reconstitution of nanopowder and control
of key spraying parameters.

Alumina and Bauxite: Bauxite Ore Handling and
Benefication

Sponsored by: The Minerals, Metals and Materials Society, TMS Light Metals
Division, TMS: Aluminum Committee

Program Organizers: Everett Phillips, Nalco Co; Sringeri Chandrashekar, Dubai
Aluminum Co

Room: 2002
Location: Moscone West Convention Center

Tuesday AM
February 17, 2009

Session Chair: Songqing Gu, Zhengzhou Light Metal Research Institute

8:30 AM Introductory Comments

8:35 AM
Mining Scheduling at Paragominas Bauxite Mine: Octavio Guimaraes';
Henrique Santos!; Flavio Zelante'; Leonardo Alves?; 'Vale; 2Runge do Brasil
The chain of the bauxite and alumina business in terms of quality, costs and
longevity is critical for the mine and refinery installations. This paper describes
the impact of the size of the mine according to the bauxite quality required by
the Refinery, the influence of level of knowledge of the deposit on the life of
the mine, and finally, some scenarios changing the some economic factors, such
as price on the bauxite. So, there are several scenarios, which could help the
decision maker to get the best solution joining the financial, quality and other
strategic issues. Beside this, each scenario results gives a better understanding of
the business risks and opportunities to improve the results.

9:00 AM
Transformation of Sodalite to Cancrinite under High Temperature Bayer
Digestion Conditions: Peter Smith'; Bingan Xu'; Christine Wingate!; 'CSIRO
Cancrinite forms in high silica bauxite digestion at high temperature and is
important to the Bayer process owing to its capacity to sequester impurities.
Transformation conversion of sodalite (SOD) to CAN in synthetic pregnant
liquor at 250°C was measured by using a quantitative XRD method on residues.
The effect of sodium carbonate in liquor, lime charge, lime type and reaction
time was investigated on the transformation. It was found that the proportion
of cancrinite increased with the concentration of Na,CO; in the absence of lime.
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Lime dramatically promoted the transformation which was largely complete in a
few minutes. Lime charge and type had little effect on the amount of total CAN
(both sodium and calcium type) but was related to the fraction of total CAN
that was calcium substituted. Formation of tri-calcium aluminate and calcite
consumed a large portion of the added lime, reducing the efficiency of CAN
formation. Silica concentration in Bayer green liquor decreased with increasing
CAN, suggesting CAN formation is beneficial to alumina quality and scaling
control. Soda reduction in DSP is directly related to calcium content in CAN,
indicating that the mechanism of soda reduction is the substitution of calcium
for sodium in cancrinite cage.

9:25 AM
Desilication of Bauxite Ores Bearing Multi-Aluminosilicates by
Thermochemical Activation Process: Guanghui Li'; Tao Jiang'; Na Sun!;
Xiaohui Fan'; Guanzhou Qiu'; 'Central South University

The bauxite ores are relatively abundant in China, but most of them are
disapore type, which is characterized as high aluminum, high silicon content,
and low A/S ratio in comparison with gibbsite ores. Silica minerals mainly
occur as aluminosilicates such as kaolinite, pyrophyllite, illite etc. It is difficult
to remove SiO, from the ores and to increase A/S ratio by physical processing
methods. As the three aluminosilicate minerals can be activated and form active
amorphous SiO, by thermal treatment, thermochemical activation (TCA) process
followed alkali-leaching was developed to remove SiO, from the ores. By the
process, a concentrate with 11 A/S ratio and 50% desilication has been achieved
for a raw bauxite ore of 5.88 A/S ratio, with 12.5% illite, 6.0% pyrophyllite,
3.2% kaolinite under the optimum conditions of thermal activation and alkali
leaching. Chemical principle of thermochemical activation of aluminosilicates
has also been investigated in this paper.

9:50 AM
Reductive Roasting and Magnetic Separation of Greek Bauxite Residue for
Its Utilization in Iron Ore Industry: Anthimos Xenidis'; Charalabos Zografidis';
Toannis Kotsis!; Dimitrios Boufounos?; 'NTUA; 2Aluminium of Greece SA
The treatment of Greek bauxite residue through reduction roasting and magnetic
separation is investigated. A sample of Greek bauxite residue, hematite being the
predominant iron carrier mineral, is subjected to reduction roasting to produce
a calcine with intense magnetic properties, where magnetite or metallic iron are
the main iron mineral phases. The calcine is then subjected to wet magnetic
separation so that the magnetic product can be utilized as a feed for sponge or
cast iron production. The effect of parameters such as temperature, intensity of
reducing conditions, intensity of magnetic field or dispersing agent addition rate
on the result of both processes is investigated. It was indicated that reductive
roasting at 500°C followed by wet magnetic separation of the calcine produced at
low current intensity (0.04 A) and simultaneous addition of a dispersant resulted
in the production of a magnetic product with iron content as high as 36%. The
obtained results regarding iron recovery were very promising providing input
for further research on the optimization of the proposed method.

10:15 AM Break

10:35 AM
Reaction Behavior of Sulphur Existed in Diasporic Bauxite in Bayer
Digestion Process: Zhonglin Yin!; Wu Guobao!; Li Xinhua!; Lu Peigian';
1Zhengzhou Research Institute, CHALCO

The reaction behavior of sulphur in Diasporic bauxite in Bayer digestion
process is studied in this essay. The reaction extent of sulphur in Diasporic
bauxite is enhanced along with the increase of the lime dosage in Bayer digestion
process. The majority of the sulphur contained in the bauxite was leached into
digestion liquor with in the form of S and the percentage of the sulphur which
would be in the red mud is about 20-30%. Only a little sulphur can be removed
when the bauxite is calcined at some conditions. The main form of sulphur in the
digestion liquor is SO, > and about 50-60% sulphur in the bauxite will come into
the red mud, the Na2S concentration in the digested liquor is less than 0.05g/L
after the bauxite is calcined.

11:00 AM
Roasting Pretreatment of High Sulfur Bauxite of China: Guozhi Lv'; Ting-an
Zhang'; Li Bao'; Yan Liu'; Zhihe Dou!'; Yan Li'; Xiaochang Cao'; Jicheng He';
"Northeastern University

Effects of roasting temperature and roasting time on sulfur content of bauxite,
digestion performance and settling performance of high sulfur bauxite by roasting
pretreatment using Rotary tube furnace were studied. Changes of microscopic

appearance and crystal structure were analyzed by SEM and XRD.The results
indicate that the sulfur content are successfully discharged as gas form through
roasting, sulfur content of high sulfur bauxite meets the industrial standard at
the conditions roasting temperature of 750° and holding time of 60min. The
digestion rate of alumina is above 97% at the condition of digestion temperature
0f 220° and holding time of 60min. Roasting pretreatment make the apparent of
red mud loose and porous, and transformed goethite into hematite, the settling
performance were improved, particles size of red mud became smaller greatly.
The digestion slurry of roasting ore in Rotary tube furnace has better settling
performance than head ore.

11:25 AM Concluding Comments

Aluminum Alloys: Fabrication, Characterization and
Applications: Processing and Properties

Sponsored by: The Minerals, Metals and Materials Society, TMS Light Metals
Division, TMS: Aluminum Processing Committee

Program Organizers: Weimin Yin, Williams Advanced Materials; Subodh Das, Phinix
LLC; Zhengdong Long, Kaiser Aluminum Company

Tuesday AM
February 17, 2009

Room: 2004
Location: Moscone West Convention Center

Session Chair: Gyan Jha, ARCO Aluminum Inc

8:30 AM
Multiple Extrusion and Consolidation of Al-4Mg-1Zr: Daniel Aguilar
Garcia!; Richard Dashwood?; Martin Jackson3; David Dye!; 'Imperial College;
2University of Warwick; *University of Sheffield

In the continued quest for metallic alloys with better properties, metallurgists
have employed a variety of thermo-mechanical processing routes and non-
conventional methods. While steady progress has been made in this area,
recent work promises to produce alloys with a step change in properties via
severe plastic deformation (SPD) techniques. Several SPD techniques are now
being studied such as Equal-Channel Angular Pressing (ECAP), High Pressure
Torsion (HPT) and Accumulative Roll Bonding (ARB). In this paper a new
SPD technique is applied to a novel experimental alloy, Al-4Mg-1Zr. The alloy
has been subjected to six passes of conventional extrusion. The mechanical
properties and the microstructure was studied after each pass. Analysis showed
that after the each pass the microstructure has been refined, the primary Al3 Zr
particles were broken down and the hardness increased slightly. However, the
yield stress and the ultimate strength increased significantly after the first pass
and decreased for the following passes.

8:50 AM
Al-Zn-Mg for Extrusion - Hot Workability: Hugh McQueen!; Paola Leo;
Emanuela Cerri2; 'Concordia University; 2University of Salento

Al-Zn-Mg alloys (without Cu: lower strength, less quench sensitivity) are
useful for terrestrial applications due to good extrudability. As-cast Al-5.5Zn-
1.2Mg was torsion tested over 250 - 500°C and 10-2 to 5 s-1. The peak strength
fell markedly from 300 to 400°C and then slowly up to 500°C; it was lower
for lower strain rates. In the aged starting material, this is indicative of more
rapid precipitate coalescence and solution at higher temperature. The ductility
rose rapidly from 300 to 400°C and with decreasing strain rate, but a 500°C, it
was high but inconsistent. The constitutive analysis by the sinh equation gave
Q, 165 kJ/mol; n = 1. Elongated grains exhibited larger subgrains at higher
temperature. In hot tensile tests, flow curve shapes are similar, peak stresses
are fairly consistent (218 kJ/mol; n, 1.75) and ductility (fivefold less) varies
similarly. Comparison is made to 7004, 7020, 7075 and 7012 alloys.

9:10 AM
Microstructural Control through Heat Treatment Process in an Aerospace
Aluminum Alloy: Zainul Huda!; 'University of Malaya

The 2017 aerospace aluminum alloy was characterized through metallographic
investigations. A series of precipitation strengthening and age-hardening heat
treatment processes involving solution treatment at 550°C followed by quenching
(and tempering for various time-durations) were conducted for the 2017 alloy.
Microstructural characterization of the heat-treated samples showed effective
distribution of fine 0’ particles in the c-matrix of the aluminum alloy; these
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microstructural features enable us to develop proper precipitation strengthening
and age-hardening heat-treatment process parameters for the 2017 aluminum
alloy for aerospace application.

9:30 AM
Microstructure and Mechanical Properties of Cast Hypereutectic Al-Si
Alloys with High Magnesium Content: Animesh Mandal'; M.M. Makhlouf';
"Worcester Polytechnic Institute

Magnesium in excess of the quantities typically found in commercial
hypereutectic Al-Si alloys can produce alloys with enhanced microstructure
and attractive mechanical properties. With addition of Mg to hypereutectic
Al-Si alloys, the primary silicon phase is suppressed and is replaced with a
fine dispersion of small Si particles. However, an abundance of large Mg2Si
particles with Chinese script morphology also forms in the microstructure and
unfavorably influence the tensile properties of the alloy. Efforts were made to
overcome the negative effects of these particles by manipulating their size and
morphology. Several additives were made to a hypereutectic Al-Si-Mg alloy and
their effect on the cast alloy was determined. The alloy treated with Misch Metal
and Strontium showed promising results. The Mg2Si particles that formed in
castings made from this alloy were very small and almost spherical; and the
room temperature tensile and yield strengths of cast bars were remarkably high.

9:50 AM
Electron Microscopy of Commercial Purity Al-2024 (Al-Mg-Cu) after
Accumulative Roll-Bonding: Andreas Kulovits!; Bryan Webler!; Anirudha
Deshpande!; Jorg Wiezorek!; 'University of Pittsburgh

Al-2024 has been severely plastically deformed using accumulative roll
bonding (ARB), which increased the hardness from a value equivalent to
a tensile strength of about 410MPa (HV=138) prior to deformation to about
720MPa (HV=225). Changes in the microstructure have been investigated
using imaging, diffraction and analytical methods of transmission electron
microscopy (TEM). Two morphologically different regions, namely an ultra-fine
grained (UFG) region that contains elongated grains and regions comprised of
equiaxed nanocrystalline (NC) grains, have been observed in the ARB product.
Electron diffraction analysis showed that the same phases were present prior
to and after severe plastic deformation by ARB in the UFG regions. In the NC
region, however, evidence of dynamic solid-state reactions has been observed
experimentally. The application of high strains in conjunction with dynamic
microstructural transformations facilitates grain refinement beyond the UFG
regime into the NC size regime for this commercial purity Al-alloy.

10:10 AM
Annealing Behavior of an Heavily Deformed Aluminum Alloy in 20 Tesla
Magnetic Field: Samuel Adedokun!; '"FAMU-FSU College of Engineering

A plate of aluminum alloy 6061 was given 85% deformation by cold rolling.
Samples from the rolled specimen were heat treated for different times and at
different temperatures in a 20 tesla resistive magnetic field. The effect of time
and temperature on the heavily deformed specimens under 20 Tesla magnetic
field was examined with the use of an Environmenetal Scanning Electron
Microscopy equipped with an Orientation Imaging Microscopy (OIM) to study
the changes in the grain size distribution and the grain boundary misorientation
of the samples tested. The results indicate that the magnetic field of 20 Tesla
increased the average grain size of the Aluminum alloy 6061 when compared
with the aluminum alloy heat treated when the magnetic field was turned off. No
effect on the grain boundary misorientation was noticed.

10:30 AM Break

10:45 AM
Effects of Ultrasonic Treatment on Microstructures of Hypereutectic Al-
23%Si Alloys: Haikuo Feng'; 'Jilin University

Microstructures and properties of Al-23%Si alloys were gained with and
without ultrasonic treatment in a novel horn crucible designed specially for
this experiment. Evolution, morphology and distribution of microstructure of
alloys were investigated. The results show that the size of primary Si particulates
decreased from 500pum to 180pum and the morphology of a-Al phase had been
changed from dendritic crystal to equiaxial crystal under the ultrasonic treatment.
However eutectic phase was coarser than that without ultrasonic treatment. In
addition the ultimate tensile strength and the wear resistance of Al-23%Si alloy
with ultrasonic treatment were better than that without ultrasonic treatment. The
key on better properties of alloys treated by ultrasonic were discussed.

11:05 AM
Distribution of Trace Elements in Sr-Modified and Grain Refined
Hypoeutectic Al-Si Alloy: M. Faraji!; L. Katgerman?; Amir Masoud Akbari
Pazookiz; 'M2i/ Delft University; 2Delft University of Technology

The nucleation process of a commercial hypoeutectic Al-Si foundry alloy
(Al-7Si-0.4Mg) unmodified, Sr-modified, grain-refined and Sr-modified + grain-
refined has been investigated using optical microscopy and scanning electron
microscopy (SEM). The results showed that adding strontium increased the
number of eutectic silicon particles sensibly; however, the size of particles did not
change considerably. Additionally, the results showed that grain refiner (AITiB)
reduced the incidence and size of porosities in both grain-refined and combined
modified and grain-refined specimens compared to untreated condition. To
study solidification and responsible mechanism of nucleation and modification
in this alloy, electron probe microanalysis technique (EPMA) was used and the
distribution of trace elements such as titanium, boron, phosphorus and strontium
in the microstructure was analysed. Using EPMA, the negative interaction of
strontium and AITiB was closely examined and the optimised level of addition is
suggested as 20 ppm boron (present in Al-3Ti-B) and 200 ppm strontium.

11:25 AM
Effects of Zn on the Microstructures and Mechanical Properties of Al-
Mg-Mn-RE Alloys: Hua Shen'; Guangchun Yao!; Weidong Yang!; !School of
Materials and Metallurgy Northeastern University
Al-2,3,4wt%Mg-0.6wt%Mn-0.3wt%RE alloys were prepared and effects
of different Zn contents on the microstructures and mechanical properties of
Al-Mg-Mn-RE alloys were studied in this work.. Microstructures mechanism
thinks that intensifying phase MgZn2 could be formed while adding Zn and Mg
simultaneity to aluminum, so intensifying action produced obviously to alloys.
Mechanical tests were carried out at room temperature. The results showed that
Al-Mg-Mn-Zn-RE alloys were of resisting crazing stress and enough intension
when Zn/Mg ratio was 2.7. Rigidity tests results showed that these series of
alloys were harder than pure aluminum.

11:45 AM
Solidification and Processing of Aluminum Based Immiscible Alloys: Hiren
Kotadia!; Jayesh Patel'; Zhongyun Fan!; Evelyn Doernberg?;, R. Schmid-Fetzer?;
'Brunel University, West London; 2Clausthal University of Technology

The Al-Sn based immiscible alloys have significant potential for bearing
and superconducting applications. However, the mixing and understanding of
solidification process for immiscible alloys have been long standing challenges
for their development. This paper presents solidification, microstuctural
evolution of the Al-Sn-Cu alloys and describes the mechanism of effective
mixing by the intensive shearing. The solidification path of Al-Sn-Cu alloys was
systematically investigated with differential scanning calorimeter and compared
with the calculated phase diagrams. The experimental work was also focused
on analyzing the effects of shear rate, temperature and time on Sn-rich droplet
size and their distribution. Mechanical properties of solidified Al-Sn-Cu alloys
have been investigated. Experimental results suggest that the intensive shearing
process produces homogeneous, finely dispersed Sn-rich droplets and improves
mechanical properties.

Aluminum Hot Rolling: Session |

Sponsored by: The Minerals, Metals and Materials Society, TMS Light Metals
Division, TMS: Aluminum Processing Committee

Program Organizer: Kai Karhausen, Hydro Aluminium

Tuesday AM
February 17, 2009

Room: 2010
Location: Moscone West Convention Center

Session Chair: Kai Karhausen, Hydro Aluminium

8:30 AM Introductory Comments

8:35AM Keynote
Through-Process Texture and Microstructure Modeling of Aluminum
Alloys from Hot Rolling through Final Annealing: Guenter Gottstein!;
Carmen Schaefer!; Volker Mohles!; Olga Sukhopar!; 'RWTH Aachen

An improved through-process modeling scheme is proposed for the prediction
of recrystallization textures and microstructures during sheet processing. The
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deformation behavior is modeled by the advanced deformation texture model
GIA-3IVM+, which is based on a multi-grain approach and incorporates the
work hardening behavior in terms of the dislocation density evolution. The
recrystallization model utilizes a spatially resolved adaptive cellular automaton
code CORe, which also considers orientation dependent recovery on a grain
level. Since the treatment of recovery in CORe is consistent with the formulation
in GIA-3VM-+ this enables the consequent tracking of changes in dislocation
densities throughout the whole process. Nucleation is accounted for by separate
nucleation models which allow for different nucleation mechanisms to become
active. The final microstructure after recrystallization depends sensitively on
the nucleus frequencies and on the amount of prior recovery. The presented
modeling setup allows an improved prediction of final recrystallization textures
and grain sizes.

9:15AM
Modeling Hot Rolling of Al-705X Alloys: Margaret Koker'; Jonathan Dantzig?;
Armand Beaudoin'; 'University of Illinois At Urbana-Champaign; *University
of Illinois at Urbana-Champaign

We present a model for texture, damage and recrystallization evolution during
hot rolling of Al-705X alloys. A constitutive model, based on experimental hot
compression tests, is implemented as a non-Newtonian fluid. The rolling process
is then simulated through multiple passes at user-specified draft and speed, and
the results are used as input to a viscoplastic self-consistent model for texture
evolution to predict the final texture as a function of position in the slab. The
model is calibrated using measured temperatures, textures, roll torque, and other
process features. We also predict damage in the rolled slab using a model that
combines shear rate and temperature. The model is conveniently packaged into a
graphical user interface. We present several case studies to show how the model
can be used to improve rolling practices.

9:35AM
Property Control during Aluminum Sheet Fabrication Using the Through
Process Modelling (TPM) Approach: Nitin Singh'; Nicolas Kamp?; Richard
Hamerton'; 'Novelis Global Technology Centre; 2Novelis Deutschland GmbH
The importance of linking fabrication process steps with microstructural
evolution within the Alumiuim Rolling industry is widely recognized and work
has progressed in alliance with universities in developing process informed
microstructural models. The aim is to gain an indepth understanding of the link
between certain process steps e.g. casting, homogenization, rolling etc. and
the material microstructure. This knowledge becomes particularly important
when new alloys and new processes are being introduced on an industrial
scale. Novelis uses the physically based models developed by IMM, RWTH
University, Aachen in their TPM efforts. In this presentation, our experience
with successes and difficulties in calibrating these models to specific alloys
and their implementation in predicting microstructures would be discussed. A
comparison would be made with certain in-house models developed over many
years to suggest directions for further development of these models.

9:55 AM
Profile Optimization on a Duo Hot Mill: Kai Karhausen!; loannis Neitzel';
Luca Francescutti'; 'Hydro Aluminium

Although state of the art hot rolling mills are usually in quarto-design,
equipped with computer controlled profile and shape control actuators, older
duo mill stands are still in operation in some locations. Such mills are either
limited in their product range or have only limited possibilities to control the
strip profile for a larger variety of product qualities. Essentially only the ground
work roll crown combined with a suitable pass schedule can be changed to
affect the strip profile.In the present paper, a duo mill has been analyzed with the
aim of finding an operating window for a given target profile covering a large
spectrum of alloys and strip widths. By a series of profile/shape simulations
on the whole production spectrum, the thermo-mechanical behavior of the
stand was characterized and the sensitivity of the main factors for the profile
generation was determined. Finally an optimum set of differently ground work
roll crowns was determined by computer simulation to achieve a defined strip
profile for the whole production spectrum.

10:15 AM Question and Answer Period
10:25 AM Break

10:40 AM
Evaluation of Recovery Kinetics of the Aluminum Alloy AA3103 Using
Stress Relaxation and Double Tension Tests: Sheila Bhaumik!; Giinter
Gottstein'; Volker Mohles!; 'TMM

The softening processes, recovery and recrystallization, are of significant
scientific and technological relevance especially for materials with high stacking
fault energy. Since recovery is always connected to recrystallization, there is an
urgent need to advance our understanding of recovery in particular with regard to
through process modeling. Within the scope of the project stress relaxation and
double tension tests at elevated temperatures were conducted on a commercial
aluminum alloy 3103. The recorded stress-time evolution based on the stress
relaxation and double tension tests were compared to gain a better understanding
of the mechanisms governing the recovery processes and to obtain a reliable
evaluation of recovery kinetics as well. This comparison enables to verify
whether the low cost stress relaxation measurements can, in principle, replace the
more laborious double compression tests. Furthermore, the obtained parameters
for recovery were analyzed in terms of temperature dependency etc.

11:00 AM
Patterns of Deformation and Associated Recrystallization in Warm/Hot
Deformed AA6022: S. Raveendra!; S. Mishra!; H. Weiland?; I. Samajdar!; 'IIT
Bombay; 2ALCOA

Microstructural developments during hot-rolling of aluminum alloys
significantly impact the forming process. In a deformation simulator, AA6022
samples were plane strain compressed (equivalent to hot-rolling) at different
temperatures and strain rates to strains of 1 and 2. The deformed samples contain
finite percentage of static recrystallization. The deformed/recrystallized regions
were partitioned based on in-grain misorientation developments and grain size.
Zener Holloman parameter (Z), which ties deformation temperature and strain
rate had clear effects on microstructure and textural changes. At lower Z, i.e.
at higher deformation temperatures, there is increase in deformed Cube {001}
<100> (with increase in strain), which is due to the thickening of deformed Cube
bands. Such a pattern cannot be explained from Taylor type deformation texture
simulations, incorporating both octahedral and non-octahedral slip systems.
These, in turn, strongly affected the associated recrystallization behavior
— including relative contributions from particle stimulated nucleation and
contributions from deformedgrains/bands of different ideal orientations.

11:20 AM
Pore Evolution during the Homogenization and Rolling of Direct Chill Cast
Al-6Mg Alloy: Richard Dashwood'; Anirut Chaijaruwanich?; Hiromi Nagaumi?;
Peter Lee*; 'University of Warwick; 2King Mongkut’s Institute of Technology;
*Nippon Light Metal Company Ltd; “Imperial College London

The evolution of porosity during homogenisation and rolling (with a low
reduction per pass) was quantified using two-dimensional metallography and
three-dimensional X-ray microtomography (XMT) techniques. This paper will
demonstrate the misinterpretations that can take place when only considering
metallographic evidence. For example the metallographic evidence implied that
the mean pore size increased during homogenisation and also in the centre of the
plate during the initial rolling passes. However XMT demonstrated that intra-
pore Ostwald ripening of the tortuous pore networks formed during DC casting
was the key mechanism driving the evolution of pore morphology. Finite element
modelling showed that during the initial low reduction ratio rolling passes the
central region of the plate experienced a tensile, rather than a compressive,
hydrostatic stress, explaining the initial pore ripening. A relationship between
the roll geometry and the hydrostatic stress has been derived and the critical
geometry identified.

11:40 AM
Effect of Homogenization Treatment on Microstructural Evolution of 1050
and 1200 TRC Aluminium Alloys: Aziz Dursun!; Beril Corlu!; Canan Inel’;
Murat Dundar’; S. Levent Aktud!; 'Assan Aluminium

Homogenization in twin roll casting(TRC) is an essential annealing treatment
in order to obtain desired mechanical and microstructural properties like deep
drawability in heat shield(1050) and matte surface appearance in packaging
foil (1200) applications. Gradients in solification rates developed during TRC
results in concentration gradients throughout the thickness with a supersaturated
region of alloying elements near the surface. In order to minimize the influence
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of concentration gradients on material performance and ensure homogeneously
distributed particles, a series of homogenization treatments between 520 and
580 °C at different holding time were performed on 1050 and 1200 aluminium
alloys. Size, distribution and composition of secondary particles were determined
using an optical and scanning electron microscope. Microstrucal evolution were
monitored by hardness and tensile tests results. The results showed that a critical
homogenization temperature and holding time lead to significant coarsening
and more uniform particle size distribution thereby superior properties for both
alloys.

12:00 PM
Characterization of Edge Cracking Using a Crystal Plasticity Model with
Damage Evolution: Soondo Kweon!; Armand Beaudoin'; Russell J. McDonald!;
"University of Illinois at Urbana Champaign

A challenge to the analysis of edge cracking in aluminum rolling industry
lies in the nature of the stress state at the side of the slab: traditional models
for damage evolution are dependent on the state of tensile hydrostatic stress,
whereas edge cracking is developed at free surfaces and in the presence of
shear. Recent research efforts have augmented traditional models for damage
to include the effect of shear, through the Lode parameter. These models
are generally applied through use of J2 plasticity. In this study, we focus on
thermo-mechanical conditions leading to edge cracks, giving attention to the
mesoscale process of grain-to-grain interaction. A polycrystal, modeled using
finite elements, is subjected to different loading conditions. Hydrostatic stresses
develop through grain interaction, even with “average” deformations of pure
shear. The development of damage in the polycrystal, both with and without use
of the Lode parameter, is contrasted with experimental results.

12:20 PM Question and Answer Period

Aluminum Reduction Technology: Potline
Performances and Vision

Sponsored by: The Minerals, Metals and Materials Society, TMS Light Metals
Division, TMS: Aluminum Committee

Program Organizers: Gilles Dufour, Alcoa Canada, Primary Metals; Martin Iffert,
Trimet Aluminium AG; Geoffrey Bearne, Rio Tinto Alcan; Jayson Tessier, Alcoa
Deschambault

Tuesday AM
February 17, 2009

Room: 2001
Location: Moscone West Convention Center

Session Chair: Jules Coté, Aluminerie Alouette Inc

8:30 AM Introductory Comments

8:35AM Panel Discussion
Representatives from eight smelters around the world are invited to present
performances achieved at their smelters.

11:15 AM Question and Answer Period
The smelter representatives will answer questions from the audience.

Biological Materials Science: Drug Delivery and
Imaging

Sponsored by: The Minerals, Metals and Materials Society, TMS Structural Materials
Division, TMS Electronic, Magnetic, and Photonic Materials Division, TMS: Biomaterials
Committee, TMS/ASM: Mechanical Behavior of Materials Committee

Program Organizers: Ryan Roeder, University of Notre Dame; John Nychka,
University of Alberta; Paul Calvert, University of Massachusetts Dartmouth; Marc
Meyers, University of California

Room: 3014
Location: Moscone West Convention Center

Tuesday AM
February 17, 2009

Session Chairs: John Nychka, University of Alberta; Paul Calvert, University
of Massachusetts

8:30 AM Keynote
Lipid-Modified Polymers as Biomimetic Nucleic Acid Carriers: Hasan
Uludag!; Vanessa Incani'; Artphop Neamnark!; Orawan Suwantong!; 'University
of Alberta

Cationic polymers are utilized to deliver anionic plasmid DNA into cells.
The polymer condense string-like DNA molecules into compact structures for
passage through the plasma membrane. The cationic polymers, however, are
effective only at doses where significant toxicities on cells are observed. Our
research program aims to utilize naturally—occurring lipids to enhance the ability
of polymers for DNA delivery into primary cells. Using lipid conjugates, we
obtained polymers that were capable of condensing plasmid DNA effectively
into 100-200 nm particles. The particle sizes were effectively controlled by
the hydrophobic substitution on the polymer, achieving lower particle sizes
with more hydrophobic polymers. The hydrophobic polymer were capable of
enhancing the delivery of plasmid DNA into the cells by ~10-fold. Using a
model gene (GFP), the designed polymers enabled improved GFP expression in
primary cells. Structure-function relationships on the effectiveness of designed
cationic polymers will be presented.

9:10 AM Invited
Cell Membrane Penetrating Nanoparticles: Francesco Stellacci'; 'MIT

Non biological materials when in contact with cells are either endocytoced or
created transient pores that allow cell entrance but are cytotoxic. Cell penetrating
peptides on the other hand have the property of permeating cell membranes
without generating transient pores. We will show that gold nanoparticles coated
with a mixture of hydrophobic and hydrophilic ligand molecules are simply
endocytoced when these molecules have no special arrangement but behave
as cell penetrating peptides when the molecules are arranged in an ordered
fashion.

9:40 AM
Exploring Transferrin-Receptor Mediated Nanoparticle Cell Interactions
at Single-Molecule Level during Cellular Uptake: Abhilash Vincent'; Suresh
Krishna Moorthy'; Eric Heckert'; William Self'; Christopher Reilly?; Sudipta
Seal!; 'University of Central Florida; 2Virginia Tech

Recent studies indicate that cerium oxide nanoparticles (Ceria NPs) can
function as biological antioxidants due to their ability to switch between
different oxidation states. Hence Ceria NPs show tremendous potential
in cancer therapeutics and it is important to develop Ceria NPs supported
chemotherapeutics drugs that can target cancerous cells and destroy them without
affecting neighboring healthy cells. This is achieved by bioconjugating Ceria
NPs with targeting agents that can bind to the over expressed receptors on the
target cancer cell. In this work we are focusing on understand the cellular uptake
mechanism of Transferrin protein coated Ceria NPs by A549 lung cancer cell.
Single Molecule Force Spectroscopy (SMFS) was used to study the interaction
force between Transferrin protein coated Ceria NPs and cancer cells. Inductively
Couples Mass Spectrometer (ICPMS) results indicates A549 cells treated with
Transferrin coated Ceria NPs showed better uptake compared to the cells treated
with uncoated NPs.
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10:00 AM
Controlled Release of Bovine Serum Albumin Protein Using Calcium
Phosphate Nanocarriers: Sudip Dasgupta!; Amit Bandyopadhyay!; Susmita
Bose!; 'Washington State University

Calcium phosphate (CaP) based ceramics are of significant interest due to
their bioactivity and chemical similarity with inorganic component of bone.
Bovine serum albumin (BSA) protein release behavior from B- tricalcium
phosphate (3-TCP) and calcium deficient hydroxyapatite (CDHA) nanoparticles
(NP) were studied. Both surface adsorption and chemical synthesis route were
used to make protein loaded CaP nanocarriers. Pure and Zn2+ /Mg2+ doped
hydroxyapatite (HA)-BSA NPs were synthesized by in situ co-precipitation
technique. BSA release rate from ex situ synthesized B-TCP-BSA NPs found to
be faster compared to that from CDHA-BSA NPs. Pure HA-BSA NPs showed
slower BSA release compared to doped HA-BSA NPs. The presentation will
focus on the effect of doping, crystallinity and synthesis process on BSA release
behavior from CaP based nanocarriers.

10:20 AM Break

10:30 AM Invited
Characterization of Implantable Drug Delivery Bioceramics Using
Magnetic Resonance Imaging (MRI): Joshua Bray'; Mark Filiaggi!; Steven
Beyea?; 'Dalhousie University; 2National Research Council of Canada

While novel and innovative interventions in regenerative medicine hold
great promise, such methods are only as effective as the ability to develop an
empirical and mechanistic understanding of how/why they work. One such
example is the use of resorbable bioceramics, which have potential to provide
large, sustained concentrations of therapeutic agents to a specific tissue, while
not exceeding the minimum toxic concentration in other tissues. Optimization
of resorbable bioceramic design requires methods that will permit the non-
invasive and non-destructive study of the spatially and temporally varying
physicochemical changes that occur due to material degradation. The study of
drug delivery biomaterials using Magnetic Resonance Imaging (MRI) therefore
has the potential to significantly improve our understanding of the performance
of such devices. A host of complimentary MRI techniques (e.g. microscopy,
diffusometry and relaxometry) were used to study changes in CPP bioceramics
due to initial material processing and subsequent degradation.

11:00 AM
Modeling Bio-Scaffolds: Structural and Fluid Transport Characterization
Based on 3D Imaging Data: Liang Hao'; David Raymont'; Bruno
Notarberardino'; Philippe Young!; Ash Harkara!; 'University of Exeter
Bio-scaffolds - which are commonly open celled porous structures - are
increasingly used for tissue engineering and regenerative medicine. Numerical
studies exploring the influence of architecture on structural and flow
characteristics of porous media have been carried out assuming an idealized
repeating unit cell approach. However, a number of studies have shown that the
bulk properties of such irregular structures are poorly modeled using idealized
unit cell approaches. High resolution three dimensional imaging techniques
such as Micro-CT allow realistic porous structures to be straightforwardly and
accurately scanned with sub-micron image resolutions. Combined with novel
meshing techniques, these imaging techniques allow for robust conversion of
the 3D data into models suitable for physics-based simulations. A number of
studies will be shown which demonstrate the ease with which fidelic models can
be generated and parametric studies will be presented which explore both fluid
flow and structural properties of a range of bio-scaffolds.

11:20 AM
Imaging Microdamage in Bone Using a Barium Sulfate Contrast Agent:
Matthew Landrigan'; Huijie Leng'; Ryan Ross'; Carl Berasi'; Xiang Wang';
Glen Niebur'; Ryan Roeder!; 'University of Notre Dame

Accumulation of microdamage in bone tissue can lead to increased fracture
susceptibility, including stress fractures in active individuals and fragility
fractures in the elderly. However, clinically relevant damage and failure
mechanisms remain poorly understood, in part, due to limitations imposed by
current methods for imaging microdamage, which are inherently destructive,
tedious and two-dimensional. Therefore, micro-computed tomography (micro-
CT) has been investigated using a precipitated barium sulfate contrast agent
to label damaged tissue. For proof-of-concept, the presence, spatial variation
and accumulation of microdamage in cortical and trabecular bone specimens
was nondestructively detected using micro-CT after staining with barium

sulfate. Damage quantification using micro-CT with a barium sulfate stain was
further validated against conventional histological methods. Opportunities and
limitations for the new imaging technique will be discussed.

11:40 AM
Molecular Surface Modification of Gold Nanoparticles to Impart Specificity
to Damaged Bone Tissue: Ryan Ross'; Ryan Roeder!; 'University of Notre
Dame

The accumulation of microdamage in bone tissue can lead to increased
fracture susceptibility. However, there are currently no non-invasive methods to
detect damage in bone tissue. Therefore, gold nanoparticles (Au NPs) are being
investigated as a potential damage-specific X-ray contrast agent due to their
biocompatibility, ease of surface functionalization and high X-ray attenuation.
Au NPs were synthesized by citrate reduction to a mean particle size of 20 nm
and surface functionalized with either glutamic acid, 2-aminoethyl-phosphonic
acid, or 2-aminethyl dihydrogenphosphate, to impart either carboxylic acid,
phosphonate or phosphate functionality to the particle surface. The particle
size distribution and stability of as-synthesized and functionalized Au NPs was
confirmed using DLS, TEM and UV-vis spectroscopy. Functionalized Au NPs
exhibited specificity for artificially damaged regions on the surface of cortical
bone tissue as shown by SEM and EDS. The binding affinity of functionalized
Au NPs on hydroxyapatite crystals and was quantified using ICP-OES.

Bulk Metallic Glasses VI: Structures and Mechanical
Properties |

Sponsored by: The Minerals, Metals and Materials Society, TMS Structural Materials
Division, TMS/ASM: Mechanical Behavior of Materials Committee

Program Organizers: Peter Liaw, The University of Tennessee; Hahn Choo, The
University of Tennessee; Yanfei Gao, The University of Tennessee; Gongyao Wang,
University of Tennessee

Room: 3007
Location: Moscone West Convention Center

Tuesday AM
February 17, 2009

Session Chairs: Takeshi Egami, University of Tennessee; Daniel Miracle, US
Air Force

8:30 AM Keynote
Statistical Mechanics of Glasses and Liquids: Takeshi Egami'; Valentin
Levashov'; Rachel Aga?; James Morris?;, !'University of Tennessee; 20ak Ridge
National Lab

In crystals the atomic vibrations are described by phonons, and the statistical
mechanics can be formulated with phonons as the bases. In liquids and glasses,
however, phonons are strongly scattered and have a very short lifetime, and
cannot form the basis for statistical mechanics. We found recently that the
atomic dynamics are so localized in high temperature liquids that the dynamics
of an atom and its nearest neighbor shell can be an excellent basis for the analysis
of the atomic dynamics. They were found to obey the equipartition law for the
potential energy, U = (3/2)kT. We show how this leads to calculating the glass
transition temperature, structural relaxation and other thermodynamic quantities.
This research has been sponsored by the Division of Materials Sciences and
Engineering, Office of Basic Energy Sciences, U.S. Department of Energy under
contract DE-AC05-000R-22725 with UT-Battelle.

8:55 AM Invited
Size Effect in the Deformation and Failure of Metallic Glasses: Ju Li';
"University of Pennsylvania

Recent experimental and theoretical works have suggested possible size effect
in the plasticity and failure resistance of metallic glasses. While bulk metallic
glasses manifest negligible tensile ductility, nanoscale metallic glasses show
significant ductility under tension (PNAS 104, 11155). Nanopillar compression
experiments also show intriguing behavioral differences sensitive to pillar
size. Multiple reasons could contribute to size dependence: (a) proliferation of
amorphous-crystal interfaces or surfaces that directly mediate plasticity, as well
as indirectly alter the glass structure, (b) Weibull-like statistics for the nucleation
of a runaway flow defect from the condensation of shear transformation zones in
a finite volume, and (c) intrinsic lengthscales such as the glue zone width in the
aged-rejuvenation-glue-liquid model of a runaway shear band (Acta Mater. 54,
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4293). A “Hall-Petch” like relation may exist with respect to the metallic glass
sizescale, but for the useful tensile or compressive ductility instead of strength
(Phys. Rev. B 77, 155419).

9:10 AM Invited
Assessment of Binary and Ternary Metallic Glasses: Daniel Miracle!;
Dmitri Louzguine?; Larissa Louzguina®; 'US Air Force; 2Advanced Institute of
Materials Research; 3Institute of Materials Research

It has long been suggested that metallic glass stability is influenced by
atomic structure, but it has been difficult to systematically explore this idea in
detail until recently. The efficient cluster packing (ECP) model gives a simple
approach to specify the structure and topology of metallic glasses. In this work,
the ECP model was used to establish binary and ternary metallic glass structures.
A broad assessment was conducted, collecting information from the literature on
167 different binary metallic glass systems and many dozens of ternary systems.
Where available, characteristic temperatures (Tg, Tx, Tl) were extracted from
the literature, and parameters characterizing the thermal stability (Tg/TIl, Tx/
Tl, ATx and ) were computed. Structural parameters of these glasses obtained
by analysis using the ECP model were correlated with thermal stability and
glass-forming ability. The results from the structural assessment and from the
correlations with thermal stability will be presented and discussed.

9:25 AM
Characterization of Local Deformation during Low and High Strain Rate
Joining of Bulk Metallic Glasses: Nicholas Hutchinson!; Yuan Zhang'; Glenn
Dachn!; Katharine Flores!; 'The Ohio State Univ

Previous work has demonstrated the viability of solid state joining techniques
for bulk metallic glasses. However, optimization of these techniques requires
detailed study of mechanical and diffusive mechanisms operative near the joint
interface and their dependence on surface roughness and stress state. Recently, we
characterized two solid state joining techniques which rely on mechanical work
and plastic deformation at mating interfaces:. a high strain rate electromagnetic
impact process and a quasi-static electro-thermo-mechanical process. Interface
strengths of ' the bulk strength have been obtained with the electro-thermo-
mechanical process, while the electromagnetic process has produced glass to
crystalline joints exhibiting apparent interface strengths that exceed the strength
of the crystalline material. In the present work, interface geometry is varied to
evaluate the effect of stress state and roughness on deformation at the interface
during joining. Interface failure is characterized, and cross sections and failure
surfaces are examined using SEM and TEM.

9:35AM Invited
Anelasticity in a Metallic Glass and Local Flow at Shear Bands: Michael
Atzmon'; Adam Ganuza'; Dongchan Jang'; Koteswararao Rajulapati';
"University of Michigan

Our recent indentation experiments have suggested that rolled amorphous
Al86.8Ni3.7Y9.5 undergoes time-dependent deformation at room temperature.
This result has motivated a detailed study of time-dependent deformation in
this alloy. We used a combination of bend stress relaxation measurements and
cantilever bending with a nanoindenter. Anelastic, i.e., time dependent and
reversible, deformation is dominant at room temperature. We observe at least
four distinct anelastic sites, in contrast with the common assumption that only
two such site types exist. In order to observe local deformation at shear bands,
we have created samples with a small number of shear bands by forming kinks in
amelt-spun ribbon. These samples were then subjected to low, prolonged, stress.
Using ex situ atomic-force microscopy, we have observed the change in offset
at the intersection of individual shear bands with the surface. The results will be
interpreted by considering the residual stress profile in the sample.

9:50 AM Invited
Relaxation Behavior of Ca-Based Bulk Metallic Glasses: Oleg Senkov!;
Daniel Miracle?; '"UES Inc; 2US Air Force Research Laboratory

The temperature dependence of the Maxwell relaxation time of three
Ca-based bulk metallic glasses (BMGs), Ca,Mg,.Zn,, Ca,Mg,,Cu,, and
Ca,; Mg, Zn,,Cu,, was studied in the super-cooled liquid range, near the glass
transition temperature, using a differential scanning calorimetry (DSC) method.
The relaxation behavior of Ca;Mg,,Zn,, was found to be similar to that of SiO,.
The behavior of two other Ca-based BMGs was more fragile, but they were
stronger than the Zr- and Mg- based BMGs. The strong liquid behavior of the
Ca-based BMGs was concluded to be one of the reasons of their excellent glass
forming ability.

10:05 AM Break

10:15 AM Invited
Atom Probe Analysis of Phases in a Zr-Based Bulk Metallic Glass with the
Expectation Maximization Algorithm: Michael Miller'; Xun-Li Wang!; Daniel
Haley?; Michael Moody?; Simon Ringer?; 'Oak Ridge National Laboratory;
2Australian Key Centre for Microscopy and Microanalysis

Atom probe tomography has been used to characterize the local structure
and the phases present in a Zr, ,Cu , ,Ni , (Al Ti, bulk metallic glass. The atom
probe data from materials in the as-quenched condition and after a heat treatment
of 3.5 h at 658 K were analyzed with the Expectation Maximization algorithm
and other standard techniques to decompose underlying phase information. The
Expectation Maximum method provides the statistically most likely number of
phases present and the fraction of each phase by calculating the nearest neighbor
histograms in the atom probe data and then applying a maximum likelihood
method. These results will be compared to the results from other traditional
atom probe tomography phase analysis techniques. Research at the Oak Ridge
National Laboratory SHaRE User Facility was sponsored by Basic Energy
Sciences, U.S. Department of Energy.

10:30 AM
Contribution to a New Understanding of Deformation-Induced Ductility
in Bulk Metallic Glasses (BMG): Denise Beitelschmidt!; Simon Pauly!; Min
Lee?; Uta Kuehn!; Jirgen Eckert'; 'IFW Dresden; 2Korea Institute of Industrial
Technology

Most BMGs show very limited plastic strain. In order to achieve a reliable
process to enhance the plastic properties it is necessary to improve the
understanding of atomic order in deformed samples. The change of mechanical
behaviour of BMGs under different deformation conditions as pre-load,
compressive or tensile stress is investigated. Different alloys are tested with
regard to their mechanical properties: as-cast, after preload or deformation.
Many (rolling-)deformed samples show series of shearbands with characteristic
enhancement of the plastic properties. In order to get a better understanding a
detailed investigation program with special interest in the shearbands® cross-
over spots was performed. Furthermore the effect of structural changes under
compressive pre-load below yield strength is investigated to obtain structural
knowledge about materials with pre-load enhanced plasticity and the predicted
non-lowered fatigue strength. Different investigations are presented leading to
new concepts concerning the role of free volume in the mechanically treated
samples.

10:40 AM Invited
Fragile to Strong Transitions in Zr- Based Alloys: Ralf Busch!; !Saarland
University

The viscosities of six bulk metallic glass forming Zr-based melts of different
complexity have been measured in the equilibrium liquid state. The viscosity
vs. shear rate behaviour of the three quintary (Vitreloyl0S, Vitreloyl06,
Vitreloy106a), two quarternary (Vitreloyl01, Zr65Cul7.5Nil0Al7.5) and one
ternary (Zr60Cu25A115) alloys have been studied above their respective liquidus
temperatures in a custom built Couette concentric cylinder viscosimeter. Earlier,
in the Be bearing Vitreloy 1, shear thinning behavior as well as a strong to fragile
transition in the undercooled liquid had already been observed.! The actual study
shows that for all tested alloys a fragile state was present above the liquidus
temperature, like in Vitreloy 1 with fragility parameters of about D*=10 and a
weak shear thinning behavior. Results from parallel low temperature studies by
three point beam bending show that they are much stronger liquids in the vicinity
of the glass transition with D* higher than 20, this being a strong indication
for a strong to fragile transition between the glass transition and the liquidus
temperature also in these alloys. Comparable to the behavior of the fragile state
of Vitreloy! shear thinning exponents varying between 0.8 and 1 have been
found for the tested alloys. To directly confirm the strong to fragile transition,
studies are done in the supercooled liquid regions of the respective alloys.
However, like in Vitreloy 1 the fragile to strong transition seems to also promote
crystallisation and only a small temperature and time window is available to
observe the transition in the supercooled liquid directly. 'C. Way, P. Wadhwa und
R. Busch, Acta Mater. 55, 2977 (2007).
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10:55 AM Invited
Structural Changes in Metallic Glasses Induced by Mechanical Deformation:
Wojciech Dmowski!; Takeshi Egami'; Andrew Chuang!; Yoshihiko YokoyamaZ;
Akihisa Inoue?;, Yang Ren®; Bogdan Palosz!; !'University Tennessee/MSE;
Institute for Materials Research/Tohoku University; *Advanced Photon Source/
ANL,; “Institute of High Pressure Physics/PAS

Glass deformation is accompanied by local rearrangement of atoms to
accommodate shear strain. Disordered nature of the glass and small deformation
volumes make it difficult to observe experimentally. However, the use of
area detectors and high flux/energy X-rays makes such studies practical. We
have examined structural changes induced by high temperature creep, axial
tension, high temperature isostatic compression and high pressure torsion.
Axial deformation leads to small but observable structural anisotropy, which
can be analyzed in terms of the anisotropic components of the pair distribution
function. We found that mechanical deformation involved rearrangement in
clusters of atoms by local bond exchange that supported structural anisotropy
in the deformed state. Structural changes induced by high pressure annealing
were isotropic and affected chemical ordering. High pressure torsion resulted
in isotropic but inhomogeneous changes in the local atomic structure. Work
supported by the U.S. DOE under DE-AC05-000R-22725.

11:10 AM
Structural Influences on Metallic Glass Relaxation:
Miracle!; 'Air Force Research Laboratory

Variations in constitution and processing route (cooling rate and subsequent
annealing) in ribbons made from the Al-La-Ni system are used to probe the
deformation activation spectra for several conditions via bend stress relaxation.
Deviations in spectra between conditions are rationalized in terms of “defect”
states predicted by the Efficient Cluster Packing model that contribute to local
free volume fluctuation and act as sites for unit shear process nucleation.

11:20 AM

The Effects of Partial Crystallinity on the Hydrogen Permeation Properties
of Bulk Amorphous Metallic Systems: Kyle Brinkman!; Elise Fox!; Paul
Korinko!; Thad Adams!'; 'Savannah River National Laboratory (SRNL)

It is recognized that hydrogen separation membranes are a key component of
the emerging hydrogen economy. Potentially exciting materials for membrane
separations are bulk metallic glass materials due to their low cost, high elastic
toughness and resistance to hydrogen “embrittlement” compared to crystalline
Pd-based membrane systems. However, at elevated temperatures and extended
operationtimes structural changesincluding partial crystallization (devitrification)
may appear in these amorphous metallic systems. A systematic evaluation of the
impact of partial crystallization/devitrification on the diffusivity and solubility
(i.e., permeability) behavior in multi-component Metallic Glass materials
would provide great insight into the potential of these materials for hydrogen
applications.This study will report on the impact of phase transformations
occurring under different gas environments. This thermodynamic data as well
the calorimetric determined crystallization rate will be used to intentionally
crystallize a given material to varying degrees. Measurements of the hydrogen
permeation flux as a function of phase composition have been performed and
structure/property effects will be presented for commonly available Zr and Fe/
Co based Metallic Glass materials.

Garth Wilks'; Daniel

11:30 AM Invited
Formation, Structure and Crystallization Behavior of Cu-Based Bulk Glass-
Forming Alloys: Dmitri Louzguine'; Guogiang Xie? Song Li%; Qingsheng
Zhang?; Wei Zhang?;, C. Suryanarayana®; Akihisa Inoue'; 'Tohoku University,
WPI Advanced Institute for Materials Research; 2Institute for Materials Research,
Tohoku University; 3University of Central Florida

We studied the structure and properties of Cu-Zr-based alloys having
exceptionally high glass-forming ability and investigate the influence of Ag
addition on their structure and crystallization behavior. Some bulk glassy alloy
samples studied by high-resolution TEM were found to contain well developed
medium-range order zones and nanoparticles. Some glassy alloys are also found
to be highly sensitive to electron-beam irradiation. The crystallization kinetics
of Cu55Zr45, CuS0Zr50, Cu55-xZrd5Agx (x = 0, 10, 20), Cud5Zrd4SAISAgS
and Cu36Zr48AI8AgS8 glassy alloys was also analyzed and will be discussed
based on classical nucleation theory. Cu35Zr45Ag20 alloy was found to exhibit
possible phase separation upon heating within a supercooled liquid region. An
influence of the cooling rate on the structure and properties of the Cu-based
glassy alloys on heating was also studied. Some differences in the crystallization

kinetics and phase composition of the ribbon-shape and bulk glassy samples of
Cu36Zr48AI8Ag8 alloys will be presented.

11:45 AM
Fabrication and Mechanical Properties of Metal Particulates Reinforced
Ni-Based Bulk Metallic Glass Composites by Spark Plasma and Microwave
Sintering: Guogiang Xie!; Dmitri V. Louzguine-Luzgin'; Song Li'; Akihisa
Inoue!'; 'Tohoku University

The lack of ductility limits the number of applications of bulk metallic
glasses. The most common method to overcome this problem is to introduce
nano- or micro-scale crystalline phases into glassy matrix leading to the
formation of multiple shear bands and an enhanced plasticity. In this study, using
the mixed powders of gas-atomized Ni-based glassy powder blend with nano-
or micro-scale metal (W, Cu, etc.) powders, we fabricated large-size glassy
alloy composites (GACs) with ultra-high strength and enhanced ductility by
a spark plasma sintering process. The microstructure of the sintered compacts
and the interface between powder particles were characterized by SEM and
HRTEM. The good bonding state among the particulates and the glassy matrix
was recognized. The additional metal particulates causing deviation, branching
and multiplication of shear bands should be responsible for good mechanical
properties of the fabricated bulk GACs. Microwave-induced sintering behavior
of the mixed powders was also investigated.

Cast Shop for Aluminum Production: Environment,
Health and Safety

Sponsored by: The Minerals, Metals and Materials Society, TMS Light Metals
Division, TMS: Aluminum Committee

Program Organizers: Pierre Le Brun, Alcan CRV; Hussain Alali, Aluminium Bahrain

Tuesday AM
February 17, 2009

Room: 2005
Location: Moscone West Convention Center

Session Chair: Seymour Epstein, Aluminum Association

8:30 AM Introductory Comments

8:35 AM
Sustainability and the Aluminum Industry: Future Strength: Steve Larkin;
'The Aluminum Association

We live today in an increasingly constrained world. Both as individual
consumers, and as representatives of the manufacturing sector, we live and
operate our businesses in the midst of record commodity, energy, and now food
prices. This paper will discuss the opportunities these constraints present to the
aluminum industry, and how sustainability has become the dominant paradigm
through which customers will judge performance. Key metrics for measuring
the success of the industry are used to highlight aluminum’s strength versus
competing materials.

8:55 AM
Meeting Environmental Challenges in the Casthouse: Corleen Chesonis!;
Edward Williams'; David DeYoung'; 'Alcoa Inc

Sustainability has become an important issue to the aluminum industry
in recent years. Environmental regulations have become more stringent and
societal pressures to reduce the environmental footprint of our operations have
increased. In U.S. casthouses, the Secondary MACT regulations set specific
limits on gaseous and particulate emissions from both furnaces and in-line metal
treatment units. These concerns have led to efforts to reduce or eliminate the use
of chlorine gas in metal treatment while maintaining metal quality and meeting
environmental regulations. The steady progress made in Alcoa over the last
twenty years can be characterized as a series of step changes in technology, both
in processes and in equipment. These step changes have included mixed gas
tube fluxing, bagged salt addition, bath carryover reduction, rotary gas fluxing,
and rotary salt fluxing. The effectiveness of these methods and their impact on
emissions levels will be summarized.
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9:15AM
Life Cycle Assessement (LCA) — A System Approach to Product
Environmental Management: Jinlong Marshall Wang!; !The Aluminum
Association

Life Cycle Assessment (LCA) is a method for assessing environmental impacts
of products and services. It takes a system approach and life cycle thinking
on product’s environmental impacts and it is extensively used for decision
making, learning/exploration, and/or communication purposes. However, this
environmental management tool is not only expensive and time consuming, but
also has the potential to be manipulated or completely misinterpreted. This article
gives a brief introduction to LCA, and some of the key aspects of conducting
and interpreting LCA. In particular, it explores the use of LCA as a tool, among
other environmental assessment tools, to help promote the sustainability of
aluminum among its producers, consumers, and policy makers.

9:35 AM
Beryllium in Dross Produced during Aluminum Melting: David DeYoung';
Jon Peace!; 'Alcoa Inc

Beryllium has historically been used in various aluminum alloys and is
still used today in certain alloys. During the melting of scrap that contains
beryllium, some portion of the beryllium reports to the dross; it potentially can
even concentrate in the dross. Since dross handling can produce respirable dust,
it is important to understand the beryllium content of the dross. A method to
analyze beryllium in dross has been developed and was used to measure its
distribution between the alloy and the dross. To overcome the inherent non-
homogeneous nature of dross the method involved analysis of relatively large
sample sizes. This method was used to analyze dross produced from alloys
with varying concentrations of beryllium, and the data was then used to model
potential beryllium exposure during dross handling.

9:55 AM Break

10:15 AM
Molten Metal Explosions Are Still Occurring: Seymour Epstein'; 'Aluminum
Association

The Aluminum Association continues to collect reports on explosions occurring
in the aluminum industry around the world. Since the program began in 1985
more than 2500 reports have been received and entered into an ongoing database
of molten metal incidents. A summary of the incidents will be presented, the
causes will be discussed and several recent incidents will be detailed.

10:45 AM
Safety Coatings to Prevent Molten Aluminum-Water Explosions: Joe
Roberts!; Alex Lowery?; 'Pyrotek Inc; 2Wisechem, LLC

Safety coatings to prevent molten aluminum-water explosions: A brief history
and application guides. All the coatings require clean, oil free surfaces and must
be mixed and applied properly for adhesion to steel or concrete substrates. There
are a variety of ways to clean and apply these coatings

11:05 AM
The Role of Automation in Explosion Prevention in Sheet Ingot Casting:
Denis Bernard!; 'Rio Tinto Alcan

Over the past decades, sheet ingot production has evolved from completely
manual systems using float and diptube and steady-eddy metal level control to
more sophisticated automatic systems that have primarly been introduced for
improved safety and process consistency. The reliability of these systems have
allowed to adopt in specific cases a complete “hands-off” cast start-up procedure
which has completely eliminated the need for operators intervention during this
critical phase of the cast. These systems have not only reduced the probability of
explosion though less process variability during the start-up phase but have also
decreased the possibility of injuries that could be caused by a DC explosion.This
presentation will highlight the evolution of the use of automation for sheet ingot
casting as well as the need to expand the “hands-off” approach to other casting
processes such as billet and T ingot casting.

11:25 AM
Benefits to Safety Performance at ALBA from Use of the Wagstaff AutoFlo™
System for Casting of Extrusion Ingot: Talib Al Ansari'; Hussain Hassan Al
Ali'; Michael Jacobs!; Jalal Mohammed'; Mohammed Kadhem!; Garry Martin';
'Aluminium Bahrain (ALBA)

The use of Wagstaff AirSlip® Air Casting Technology for casting of extrusion
ingot results in enhancement of the ingot quality for improved extrusion

performance. The control of the airflow does require operator attention by
manual adjustment during casting. Wagstaff (USA) has developed a new
automated gas control system for Airslip tooling called AutoCast™ AutoFlo™
Automated Casting Gas Control. Aluminum Bahrain (ALBA), in the Kingdom
of Bahrain, purchased and installed this new control system in 2007 to provide
improved consistency in the casting of extrusion ingot and further reduce
the risk to operators in the casting area whilst further optimizing production
performance and quality of extrusion ingot. This paper details the use of the new
automated gas control system from Wagstaff at ALBA and assesses its capability
in providing an improved casting environment for enhancement of both operator
safety and overall production performance including ingot quality.

Characterization of Minerals, Metals and Materials:
Characterization of Microstructure of Properties of
Materials |

Sponsored by: The Minerals, Metals and Materials Society, TMS Extraction

and Processing Division, TMS: Materials Characterization Committee, TMS/ASM:
Composite Materials Committee

Program Organizers: Toru Okabe, University of Tokyo; Ann Hagni, Geoscience
Consultant; Sergio Monteiro, State University of the Northern Rio de Janeiro - UENF

Tuesday AM
February 17, 2009

Room: 3009
Location: Moscone West Convention Center

Session Chairs: Donato Firrao, Politecnico Di Torino; Jian Li, Natural
Resources Canada

8:30 AM
Two- and Three-Dimensional Analyses of Martensitic Steels: George
Spanos'; David Rowenhorst!; Jerry Feng'; Keith Knipling'; Rick Everett!;
Gregory Olson?; Stephanie Chan?; 'Naval Research Laboratory; 2Northwestern
University

This presentation outlines progress made on both two dimensional (2D) and
three dimensional (3D) studies of martensitic steels. The first part of this talk
will be centered about 2D studies of martensite in low carbon steels, including
HSLA-100 and a high (10%) Ni steel. In particular, findings will be presented
on a 2D quantification scheme of lath martensite structures based on automated
analyses of Electron Backscatter Diffraction (EBSD) scans. The second part
of the talk will focus on 3D analyses of martensitic steels. This will include
progress on two 3D reconstruction efforts, including a project which utilizes
the dual beam Focused Ion Beam and EBSD to study martensite in low carbon
steels, and an investigation of cracks and voids in a titanium modified 4330
steel. The latter study employs both serial sectioning and X-ray tomography
techniques.

8:45 AM
Development of Atmosphere-controlled Mass Spectrometry Equipment:
Takashi Nagai'; Masao Miyake!; Masafumi Maeda'; 'The University of Tokyo
Mass spectrometry is a new method to measure thermodynamic properties
at high temperature. In this method, vapor pressures of gaseous species
in equilibrium with specimen can be measured. Although thermodynamic
properties of metals and alloys have been reported by this method, it has not
yet been employed for oxides and oxide systems, because of the difficulty in
controlling oxygen potential in Knudsen cells. This is true despite this being
one of the most important factors in the thermodynamic measurement of oxide
systems. Equipment for mass spectrometry which has a mechanism to introduce
directly gaseous reactant, such as carbon monoxide and carbon dioxide mixture,
to the Knudsen cells to control oxygen potential in the cells has been developed
in this study. The change of oxygen potential in the cells following introduction
of the reactant was demonstrated, and the thermodynamic properties of oxide
systems containing phosphorus, such as calcium phosphate, were investigated.

9:00 AM
Quantitative Phase Analysis of a Dual Phase Steel Using Electron Backscatter
Diffraction: Jun-Yun Kang'; Do Hyun Kim'; Sung-I1 Baek'; Young-Woon Kim';
Kyu Hwan Oh!; Hu-Chul Lee!; 'Seoul National University

Phase differentiation between ferrite and martenstie in a dual phase (DP) steel
was examined to automatically assess the volume fraction of each phase using
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electron backscatter diffraction. A cold rolled and annealed sheet was prepared
to have 27% of martensite fraction. As the symmetry in the diffraction pattern
could not differentiate the two phases due to the crystallographic similarity,
band contrast (BC) value which represents pattern clarity was used. Using
grain-averaged value of BC, a reasonable martensite fraction of 25% could be
obtained. Concerning the distribution of the grain-averaged BC, there were two
peaks detected in the martensite regime, which signified two types of them, lath
and plate martensite.

9:15 AM
Defect Analysis Using Resonant Ultrasound Spectroscopy: Kevin Flynn';
Miladin Radovic!; 'Texas A&M University

This paper demonstrates the practicability of using Resonant Ultrasound
Spectroscopy (RUS) in combination with Finite Element Analysis (FEA) to
determine the size and location of defects in a material of known geometry and
physical constants. Defects were analyzed by comparing the actual change in
frequency spectrum measured by RUS to the change in frequency spectrum
calculated using FEA. Based on the analysis of many FEA-generated frequency
spectra, it is possible to develop the model to determine size and position of
the defects from measured resonant frequency, and acceptance/rejection criteria
for Non-Destructive Testing. Experiments conducted on various materials
and geometries show that cracks can be detected by RUS, and their depth and
location determined with reasonable accuracy. However, results also indicate
that there are limits to the applicability of such a method, the primary one being
a lower limit to the size of crack for which this method can be applied.

9:30 AM
Applications of a Commercially Available BENCH TOP TXRF System:
Alexander Seyfarth'; Hagen Stosnach!; 'Bruker AXS Inc.

Total reflection X-ray fluorescence (TXRF) spectroscopy is a well-established
and versatile method for the trace element analysis in solid and liquid samples
with manifold matrices. Introduced in March 2008, a new bench top TXRF
system, the S2 PICOFOX, offers similar performance than ICP-OES or AA
without the lengthy sample preparation and standardization. The analytical
range is from ppb to % levels for the elements from Al to U. We will be
describing the principle of TXRF, comparing to other methods, including XRF
and detailing the fast and convenient sample preparation. We will show studies
done by the application laboratory and customers ranging from the analysis of
nano materials to exploration screening for metals. This new implementation
enables the chemical laboratory to finally take advantage of TXRF.

9:45 AM
Non-destructive Analysis of Dislocations in Bulk Samples Using ECCI:
Martin Crimp!; 'Michigan State University

Electron channeling contrast imaging (ECCI) allows near surface dislocations
and other crystal defects to be imaged and characterized with high spatial
resolution using a field emission gun SEM. Using this approach, dislocations
may be assessed using varying electron channeling conditions, allowing the
crystallographic details to be characterized in a manner similar to that carried
out with diffraction contrast TEM. Because the dislocations are imaged in bulk
samples, ECCI has a number of advantages over other approaches for imaging
defects including allowing for analysis over large areas/volumes, being non-
destructive in many applications, and being very conducive to in-situ testing.
This talk will review the fundamental issues and experimental parameters
involved with imaging dislocations using channeling contrast. Case studies
will be presented that illustrate the flexibility of ECCI for assessing dislocation
structures and morphologies in both metallic and semiconductor materials.

10:00 AM Break

10:20 AM
Identification of Corrosion Product on Corroded Rebar in Concrete: Jian
Li'; Gordon Gu!; Valery Guertsman'; Pei Liu'; CANMET-Materials Technology
Laboratory

Corrosion resistance of materials is highly dependent on the microstructure
of the specific material. Apart from general corrosion rate measurement
using techniques like linear polarization and A.C. impedance, microstructural
investigations are frequently needed to identify the root cause of corrosion.
Advanced techniques, including scanning electron microscopy (SEM) and
transmission electron microscopy (TEM), have been well integrated into routine
characterization studies. Other microscopy techniques, including electron probe
micro-analyzer (EPMA), Auger, X-ray photon spectroscopy (XPS) and secondary

ion mass spectroscopy (SIMS), can provide detailed chemistry information on
corrosion products. In recent years, focused-ion beam (FIB) microscopes have
evolved into an important microstructural characterization instrument. In this
study, corrosion of rebar encased in concrete was studied in great detail using
advanced microscopy techniques. Corrosion product on the rebar surface was
identified as ferrous oxide with relatively large crystal size. The morphology
of this passive layer was thoroughly analyzed, and its formation mechanism is
proposed.

10:35 AM
Linear Measures for 3-D Microstructures: Martin Glicksman!; Paulo Rios?;
Daniel Lewis®; 'University of Florida; Universidade Federal Fluminense;
3Rensselaer Polytechnic Institute

Linear microstructure measures, including the average caliper, C, and
mean width, L, may be employed to characterize the geometric properties of
polyhedral grains, including their areas, volumes, and face curvatures. Moreover,
linear measures permit prediction of curvature-mediated grain growth rates,
thereby providing an important connection between kinetic behavior, grain
size, and shape. The authors’ development of regular polyhedra to represent
each topological class of grains found in well-annealed polycrystals was used
to calculate exact C and L values. The behavior of these linear measures for
polyhedra with different face numbers and shapes will be discussed. Limitations
were found, including a surprising insensitivity to grain shape that might limit
the use of linear measures for practical characterization of 3-D microstructures.
Alternative predictors of kinetic behavior for annealed polycrystals will be
proposed.

10:50 AM
Particle Size and Shape Analysis with CILAS Instruments: Nicolas Marchet!;
ICILAS

The particle size determination using Laser Diffraction is becoming the
most popular instrument to analyze polymers, ceramics or metallic particles
in chemistry, pharmaceutical or building applications. CILAS particle size
analyzers permit to measure particle size distributions by three fast ways, with
laser diffraction in wet and dry mode and with the optical microscopy thanks
to the shape analysis option. This last instrument calculates more than twenty
shape factors with the Expert Shape Software which permit to characterize
the morphology of particles in order to give important information about the
quality process, physical and chemical powder properties. This presentation
gives some examples of applications using CILAS instruments in particle size
and shape characterizations. The ways of particle characterization are according
to the needs of each user and each material and present a good accuracy and
repeatability in agreement with the ISO standard.

11:05 AM
Materials Characterization Analytical Techniques of Minerals, Metals and
Materials: Ann Hagni'; 'Geoscience Consultant

This paper is an overview of current analytical techniques available for
characterization of minerals, metals, and materials, emphasizing chemical
techniques, phase identification, and phase quantification techniques.
Applications, sample preparation, capabilities, as well as limitations of
techniques will be addressed. New developments and advancements over the
past few years will be discussed. Practical examples from industry, product
development, process improvement, and research and development may be
included. This will be an excellent basic primer for the younger scientists, as
well as a good refresher with updated information for the experienced materials
scientists.

11:20 AM
Analysis of Microstructure Evolution during Cold Deformation of Air-
hardening Steel LH800: Olexandr Grydin'; 'Leibniz University of Hanover
The evolution of grain and dislocation structures during cold deformation
of the new steel LH800 of Salzgitter AG is investigated in the frame of this
work. The main feature of this material is its ability to air-harden by carbon
content of about 0.1%. The initial ferrite structure of the metal provides high
plasticity at cold deformation and subsequent heat treatment increases tensile
strength approximately two times. Described are results of in-situ tensile tests in
the SEM. SEM and TEM analysis of grain and dislocation structures evolution
in samples, which have been uniaxially deformed to certain strains, are carried
out. After statistical evaluation of results the grain elongation against strain is
determined. A microstructure of a deep drawn cup is analyzed by means of
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SEM. A quantitative evaluation of grain elongation on the different cup zones
and comparison of these data with prediction results based on tensile tests are
carried out.

11:35 AM
Comparison of Phase Identification of EBSD and TEM in TRIP-aided Steel:
Sung Il Baik!; Jun-Yeun Kang!; Do-Hyeon Kim'; Kyu-Hwan Oh'; Hu-Chul Lee!;
Young Woon Kim'; 'Seoul National University

Electron Back-Scattered Diffraction (EBSD) is a convenient and powerful tool
to identify the phases and orientations in multiphase steel. Transmission Electron
Microscopy (TEM), on the other hand, provides an accurate determination of
phases even with the drawbacks of small area of observation. Direct comparisons
of phase distributions were made from the Transformation Induced Plasticity
(TRIP)-aided steel, which is consisted of ferrite, bainite and retained austenite.
Unlike ferrite and martensite, bainite was known as a challenging phase to
identify in EBSD. Phase mapping was made using EBSD and then the individual
phases were identified using TEM in same region of the sample. Discrepancies
in phase identification were observed in the region containing bainite, grains
with low-angle grain boundaries, and small grains with less than 3um diameter.

11:50 AM
Materials Characterization Applied to Nanoparticulate Environmental
Pollutants: Lawrence Murr!; 'University of Texas

There is a great deal of interest in the health effects of environmental
(particularly atmospheric) nanoparticulates, both natural and anthropogenic;
including indoor and outdoor air and occupational environments. It is now
well established that nanoparticulate matter is more toxic than fine or course
particulate matter. Scanning and transmission electron microscopy along
with energy-dispersive spectrometries provide very detailed characterization
for these nanoparticulate materials. This paper provides a broad overview of
atmospheric nanoparticulates: their speciation, morphologies, sizes and size
distributions, crystal structures, fundamental nanostructures, and frequency
of occurrence. The preponderant nanoparticulates in the atmosphere are
carbonaceous-including black carbon, soots and multiwall carbon nanotubes.
These carbonaceous species are aggregates composed of hundred to thousands of
primary nanoparticulate spheroids. Complex aggregates of nano-silica particles,
multiwall carbon nanotubes and multiconcentric fullerenes are also often
observed. The comparative cytotoxicities of these nanoparticulate materials will
also be presented.

CO2 Reduction Metallurgy 2009: Mechanisms and
Electrolysis

Sponsored by: The Minerals, Metals and Materials Society, TMS Light Metals
Division, TMS Extraction and Processing Division, TMS: Energy Committee
Program Organizers: Neale Neelameggham, US Magnesium LLC; Ramana Reddy,
The University of Alabama; Jiann-Yang Hwang, Michigan Technological University;
Jean-Pierre Birat, Arcelor Mittal Research

Room: 2012
Location: Moscone West Convention Center

Tuesday AM
February 17, 2009

Session Chairs: Ramana Reddy, The University of Alabama; Jiann-Yang
Hwang, Michigan Technological University

8:30 AM Introductory Comments

8:35AM Invited
Metal Cations in CO, Assimilation and Conversion by Plants: Sergey
Shabala!; 'University of Tasmania

Green leaf tissues convert solar energy into the energy of chemical bonds
of sugar molecules during the process of photosynthesis. The efficiency of this
conversion is at least twice higher then efficiency of any of currently known
silicon-based solar panels. Importantly, vast amounts of CO2 are assimilated
during this process. The efficiency of photosynthesis is critically dependent on
the availability of a large number of nutrients, among which metal cations such as
K, Ca, Mg, Cu, Zn, Fe, Mn, and Ni play a key role. In this talk [ will summarize
basic requirements and major functions for each of these essential nutrients in
plant photosynthesis, both at the whole-plant and molecular level. I will talk
about how these requirements may be affected by the global climate trends

and discuss the prospects of creating artificial photosynthetic “bioreactors” for
efficient energy conversion and CO2 assimilation.

9:05 AM
Aluminum Industry and Climate Change — Assessment and Responses:
Subodh Das!; John Green2; 'Phinix LLC; 2Secat Inc

The aluminum industry is a latecomer to the suite of industrial metals.This
paper assesses the impact of the global aluminum industry on climate changes.
Subsequently,this paper also suggests several proactive strategies in the broad
areas of production, application, recycling and carbon trading to minimize the
impact.

9:25 AM
Effect of Electrode Surface Modification on Dendritic Deposition of
Aluminum on Cu Substrate Using Emic-Alcl, Ionic Liquid Electrolytes:
Debabrata Pradhan'; Ramana Reddy!; 'The University of Alabama
Electrorefining of aluminum scrap was investigated from 1-Ethyl-3-
methyl-imidazolium chloride (EMIC)-AICI, (60 wt%) electrolyte using
copper/aluminum cathodes at 90 + 3°C. The deposits were characterized using
scanning electron microscope (SEM), energy dispersive spectroscopy (EDS)
and X-ray diffraction (XRD). The study was focused to determine the effect of
electrode surface modifications, anode and cathode materials, surface roughness
of electrodes and deposition time on dendritic deposition of aluminum. Also,
their effect on current density was investigated. It was shown that the surface
modification of electrodes reduced the dendritic deposition of aluminum at
higher overpotentials. Pure aluminum (>99%) was deposited for all experiments
with current efficiency of 95-99%.

9:45 AM
Room-Temperature Production of Ethylene from Carbon Dioxide: Kotaro
Ogura'; "Yamaguchi Univ

Ethylene has been produced in aqueous solution from CO, by the electrochemical
reduction driven by a natural energy. This process is useful for storing a large
amount of the natural energy. In the closed system, the conversion efficiency of
CO, is almost 100%, and the maximum selectivity for the formation of ethylene
is more than 70%. On the other hand, the current efficiency for the competitive
reduction of water is less than 10%. The electrolysis is practicable under such
special coditions as three-phase interface consisting of gas, solution and metal,
concentrated solution of potassium halide, low pH and copper or copper halide-
confined metal electrode. These conditions are thoroughly examined, and the
grounds to reply upon are revealed. A series of chemical apparatuses including
an electrolytic cell in a large scale are designed for the ethylene production,
which allow us continuously to supply raw CO, and to extract the product.

10:05 AM Break

10:25 AM
The Electrochemical Reduction of Carbon Dioxide in Ionic Liquids: Huimin
Lu'; Xiaoxiang Zhang'; Pengkai Wang'; 'Beijing University of Aeronautics &
Astronautics

In this paper, the authors studied an electrochemical reduction process
of carbon dioxide in ionic liquids such as I-n-butyl-3-methylimidazolium
hexafluorophosphate (BmimPF6) as the electrolytes. The electrolysis
experiments were carried out under current and potential controls. The cathode
products contained carbon nanotubes, carbon nanofibers, nanographites, and
amorphous carbon. To establish the actual current and potential ranges, the
electroreduction of carbon dioxide dissolved in the ionic liquid was studied
by cyclic voltammetry on glass-carbon (GC) electrode at a temperature
range from 100 to 145°C. The electrochemical mechanism of carbon dioxide
electroreduction was studied for explanation of all obtained results. As the last
ting, Carbon dioxide in ionic liquids was electroreduced as metals oxides were
electroreduced in molten salts.

10:45 AM
Silicon Dioxide as a Solid Store for CO, Gas: Victor Zavodinsky'; Sergey
Rogov!; 'Institute for Materials Science

Pseudopotential fully relaxed total energy calculations are used to predict
a hypothetical Si, C O, (x<0.5) compound formed from SiO, B-cristobalite by
substitution of some SiO, complexes by CO, molecules. The simulation shows
that the Si, .C O, compound can be quasi stable if the CO, content is less than
fifty per cent. It is assumed that six-molecule Si;,C,O,, (n=3) rings can play a
role of nucleuses for formation of the Si, C O, compound from SiO, and CO,
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molecules. Thus, silicon dioxide can be considered as a possible solid store for
gaseous CO,.

11:05 AM
Recent Developments in Carbon Dioxide Capture Materials and Processes
for Energy Industry: Malti Goel'; 'Former Advisor and Senior Scientist,
Ministry of Science & Technology

The cost-effective capture of CO2 from the point sources for its reduction
in the atmosphere offers many challenges in materials science. Novel CO2
capturing approaches using chemical, physical and biological methods are in
the research stage and are aimed to minimize the cost. Appropriate materials
development which can withstand required temperature or pressure as the case
may be for CO2 emanating from coal gas or industrial waste gases form the
minimum condition. Other requirements are reclyclability of material and cost of
separation. Nano-material composites can be more effective in selective capture
of CO2 and can offer solutions for large-scale separation process. Nano-porous
material catalysis can enhance the reaction rate of CO2 with other chemicals and
thus help in faster removal of CO2. This paper reviews recent industrial scale
developments. In the Indian context, R&D priority areas in CO2 capture process
development with a focus on energy industry are presented.

Computational Thermodynamics and Kinetics:

Functional Materials

Sponsored by: The Minerals, Metals and Materials Society, ASM International, TMS
Electronic, Magnetic, and Photonic Materials Division, TMS Materials Processing

and Manufacturing Division, ASM Materials Science Critical Technology Sector, TMS:
Chemistry and Physics of Materials Committee, TMS/ASM: Computational Materials
Science and Engineering Committee

Program Organizers: Long Qing Chen, Pennsylvania State University; Yunzhi Wang,
Ohio State University; Pascal Bellon, University of lllinois at Urbana-Champaign;
Yongmei Jin, Texas A&M

Tuesday AM
February 17, 2009

Room: 3002
Location: Moscone West Convention Center

Session Chair: Long Qing Chen, Pennsylvania State University

8:30 AM Invited
Anhysteretic Response of Compositionally Heterogeneous Alloys with
Displacive Phase Transformations: Armen Khachaturyan'; Yong Ni'; 'Rutgers
University

According to the phase rule, any diffusionless (displacive) transformation
of a homogeneous solid solution is a metastable reaction developing within a
two-phase field of the equilibrium phase diagram. Therefore, a sufficiently long
annealing near the diffusionless transformation line should always result in a
partial decomposition that eventually produces a compositionally heterogeneous
state. This decomposition and displacive transformation in such a system are
considered. In particular, we discuss a strain response to the applied stress/
electric/magnetic fields in the martensitic/ferroelectric/ferromagnetic systems. It
will be shown that in all these cases the field-induced displacive transformation
and/or reorientation of structural domains of the low symmetry phase generates
the macroscopic deformation. Given the energetic preference of the initial
structural state, a removal of the external field can result in a recovering of
the initial undeformed state, which means that this deformation is a pseudo-
elastic recoverable strain. The pseudo-clastic response of the body can be an
anhysteretic (or slightly hysteretic). If the applied field is stress, the response
is a pseudo-elastic effect accompanied by the extrinsic softening of the shear
modulus. Application of the theory and modeling results to the ferroelectric
solid solution with high piezoelectric response and to the Fe-Ga alloys with a
giant magnetostriction is discussed.

9:00 AM Invited
Domain Microstructures and Mechanisms in Morphotropic Phase Boundary
Ferroelectrics: Phase Field Model and Simulation: Wei-Feng Rao'; Yu Wang';
'Virginia Tech

Phase field model is employed to study underlying domain microstructures
and mechanisms responsible for enhanced electromechanical properties near
morphotropic phase boundaries (MPBs) in ferroelectric solid solutions. This
talk will present some new insights gained into the phase-coexisting domain

microstructures and field-induced inter-ferroelectric phase transformations
and their relations to the advanced piezoelectric properties around MPB. The
modeling and simulation show that extrinsic domain mechanisms play dominant
roles in the strong piezoelectricity around MPBs, and crystallographic domain
engineering is effective to fully exploit the domain mechanisms for property
enhancement. Together with crystallographic and diffraction analyses, the
study reveals a nanodomain perspective of MPB ferroelectrics, where coherent
scattering and interference effects produce an adaptive diffraction phenomenon,
which is peculiar to nanodomain microstructures.

9:30 AM
Grain Boundaries-Ferroelectric Domains Interactions in Polycrystalline
Ferroelectrics: Eva Anton!; R. Edwin Garcia2; John Blendell?; Keith Bowman?;
'Darmstadt TU; 2Purdue University

Ferroelectric Lead Zirconate Titanate (PZT) films display physical behavior
that makes them an important candidate for random access memory applications.
In such devices, ferroelectric domains are locally switched by the application of
an electric field, thus fixating the state of a memory unit. Today’s technological
advancement, however, demands ever higher memory densities. Therefore,
as the device size shrinks, the microstructural features become increasingly
important and the spatial variation of the hysteretic behavior increases, making
the memory unit potentially unreliable. The local crystallographic orientation
and the local grain-grain interactions play an important role in determining the
switching of domains. In particular, large spatial variations of the fields arise as
a combined result of the stresses that develop due to the thermal expansion and
lattice mismatch of the film-substrate system, the anisotropy of the properties of
the involved materials, and the processing conditions.

9:50 AM
Phase-Field Simulation of Domain Stabilities and Structures in Strained
SrTiO3 Thin Films: Guang Sheng'; Yulan Li!; Jingxian Zhang'; Samrat
Choudhury'; Darrell Scholom!'; Quanxi Jia%; Zi-Kui Liu'; Long-Qing Chen!';
'Pennsylvania State University; 2Los Alamos National Laboratory

Strontium titanate (SrTiO3) is known as a classical example of a system
with coupled structural and incipient ferroelectric instabilities. In this study,
the antiferrodistortive transition and ferroelectric transition in a strained
(100) SrTiO3 thin film are analyzed using phase-field approach. Based on the
simulation results, the misfit strain-temperature domain stability diagrams,
graphical representation of stable ferroelectric and structural domain structures
as a function of strains and temperature, are constructed. The misfit strain-misfit
strain domain stability diagrams at several representative temperatures were also
generated, and the corresponding domain structures were analyzed and compared
with experimental studies. By taking into account the different domain structures
obtained from the variations of Landau coefficients used in the simulation, it is
expected that such diagrams will provide guidance for interpreting experimental
measurements and observations as well as to the design of SrTiO3 films with
specified domain structures.

10:10 AM Invited
Defects and Domain Walls in LiNbO3: Insights from Microscopic
Simulation: Haixuan Xu'; Donghwa Lee!; Jun He'; Venkatraman Gopalan?;
Volkmar Dierolf}; Susan Sinnott!; Simon Phillpot; !'University of Florida;
*Pennsylvania State University; *Lehigh University

We use electronic-structure, density functional theory calculations integrated
with thermodynamic calculations to determine the structure and stability of
point defects and point defect clusters in LiNbO3. In particular, we identify
the dominant defects at different temperatures, oxygen partial pressure, and
compositions. In addition, we use classical molecular-dynamics simulation
approaches to characterize the structure and energetic of domain walls in
LiNbO3. A discussion of the interaction of domain walls and point defects is
presented. This work is supported by the National Science Foundation under
awards DMR-0602986 and DMR-0303279.

10:40 AM Invited
Phase-Field Modeling of Defect Interactions in Active Materials: Chad
Landis'; 'The University of Texas at Austin

A continuum thermodynamics framework is presented to model the evolution
of domain structures in active/smart materials. In a departure from previous
derivations of the phase-field equations, a set of micro-forces and governing
balance laws are postulated and applied within the second law of thermodynamics
to identify the appropriate material constitutive relationships. To investigate the
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consequences of the theories, fundamental defect interactions are studied. A
principle of virtual work is specified for the theory and is implemented to devise
a finite element formulation. For ferroelectrics, the theory and numerical methods
are used to investigate the interactions of 180° and 90° domain walls with arrays
of charged defects and dislocations to determine how strongly domain walls are
electromechanically pinned by the arrays of defects. For ferromagnetic shape
memory alloys the interaction between a martensite twin boundary and magnetic
domain wall is modeled to explain the finite blocking stress in these materials.

11:10 AM Invited
Microstructure Evolution of Ferromagnetic Shape Memory Alloys: Jiangyu
Li'; "University of Washington

Magnetoelastic domains in ferromagnetic shape memory alloys (FSMA)
evolve through either variant rearrangement or magnetization rotation, resulting
in large or small magnetic field-induced strain depending on the magnitude
of applied compressive stress. A mesoscopic theory is developed to study the
magnetoelastic behavior of FSMA to account for both variants rearrangement
and magnetization rotation. A multi-rank laminated domain configuration is
constructed first under the constrained theory, which is then relaxed by allowing
the magnetization to rotate away from its easy axis, resulting in incompatibility in
both magnetization and magnetostrictive strain. It is observed that microstructure
evolution of FSMA is dominated by rearrangement of variants when the applied
stress is small, but such rearrangement is blocked when the applied stress is
relatively large, under which magnetization rotation takes over as the dominant
mechanism. A novel phase-field simulation is also carried out to verify the
theoretical analysis.

11:40 AM
Phase Field Simulation of Coupled Twin Boundary and Domain Wall
Motions in Magnetic Shape Memory Alloys: Yongmei Jin!; 1Texas A & M
University

Magnetic field-induced deformation in magnetic shape memory alloys
(MSMAs) results from coupled ferromagnetic and ferroelastic domain evolutions.
The coupling occurs through elastostatic and magnetostatic interactions as well
as magnetocrystalline anisotropy, and is investigated by computer modeling
and simulation. It reveals that the motions of twin boundaries and domain
walls depend not only on external magnetic fields but also on internal domain
configurations, leading to complex domain processes. It is demonstrated that
twin boundary can continue its motion under decreasing magnetic field, or even
reverse motion direction without changing magnetic field, producing peculiar
magnetomechanical behaviors. Based on the simulations, domain microstructure-
dependent driving forces for the coupled motions of martensite twin boundaries
and magnetic domain walls in magnetic shape memory alloys are analyzed.

12:00 PM
Phase Field Modeling of the Martensitic Transition: i) Comparison between
Geometrically Linear and Non-Linear Elasticity, and ii) Microstructures
in Ni-Ti-Pd Alloys with Special Lattice Parameters: Alphonse Finel'; Umut
Salman?; 'ONERA; 2CNRS

Martensitic transformations are characterized by large strain misfits between the
martensite and the austenite, and also between the different orientational variants
of the martensitic phase. The transitions are often athermal and microstructures
dictated by strain accommodation and thermoelastic equilibrium. We analyze
these microstructures using a Phase Field method that incorporates kinetic
energy and a Ginzburg-Landau modeling of the elastic energy. We first discuss
the differences between a geometrically non-linear (i.e. invariant by rotation,
and thus exact) and the often-used linear (i.e. approximate) form of this elastic
energy and show that the metastable states differ considerably between the two
models. We also compare our numerical results to experimental observations.
Finally, we present briefly an investigation of the martensitic microstructures in
Ni-Ti-Pd alloys with special lattice parameters.

Diffusion in Materials for Energy Technologies:

Session |

Sponsored by: The Minerals, Metals and Materials Society, TMS Structural Materials
Division, TMS Electronic, Magnetic, and Photonic Materials Division, TMS: Alloy Phases
Committee, TMS: High Temperature Alloys Committee, TMS/ASM: Nuclear Materials
Committee, TMS: Solidification Committee, ASM-MSCTS: Atomic Transport Committee
Program Organizers: Jeffrey LaCombe, University of Nevada, Reno; Yongho Sohn,
University of Central Florida; Carelyn Campbell, National Institute of Standards and
Technology; Afina Lupulescu, GE; Ji-Cheng Zhao, Ohio State University

Room: 3006
Location: Moscone West Convention Center

Tuesday AM
February 17, 2009

Session Chairs: Jeffrey LaCombe, University of Nevada, Reno; Dennis
Keiser, Idaho National Laboratory; Afina Lupulescu, GE

8:30 AM Invited

Computation of Diffusion Coefficients: Current Capabilities and
Perspectives: Erich Wimmer!; Clive Freeman!; Hannes Schweiger; Walter
Wolf'; Paul Saxe!; 'Materials Design, Inc.

Fueled by the remarkable progress in hardware and software, computational
materials science based on first-principles quantum mechanics is now becoming
an integral part of industrial engineering. The present contribution focuses on
diffusion processes, which are of particular importance for the performance and
aging of materials for energy technologies. As illustrative example the diffusion
of hydrogen isotopes in transition metals demonstrates that temperature-
dependent diffusion coefficients can be computed from first-principles reaching
an accuracy which is comparable with experiment. In the near future we can
anticipate a dramatic growth of compute power in terms of number of processors.
This will provide a fascinating opportunity to explore diffusion mechanisms in
complex systems such as nano-structured and composite materials by carrying
out thousands of simultaneous calculations. To harness this power, we will
need highly automated and extremely robust computational schemes as well as
sophisticated methods to cope with the wealth of data.

9:05 AM Invited
Composition Dependent Diffusion Coefficients from First Principles: Anton
Van der Ven!; 'University of Michigan

Diffusion in both interstitial and substitutional alloys is a complex kinetic
process that depends on the nature of intrinsic defects, the energetically most
favorable hop mechanisms and the degree of short and long-range order among
the constituents of the alloy. In this talk, I will describe how these factors can be
rigorously accounted for in the first-principles prediction of diffusion coefficients
in non-dilute alloys. The approach relies on the evaluation of Kubo-Green
expressions, which provide the link between macroscopic diffusion coefficients
and atomic trajectories sampled in kinetic Monte Carlo simulations. A first-
principles description of the thermodynamics of short and long-range order in
multi-component solids is achieved with the cluster expansion formalism. As
examples, I will describe recent work on the prediction of diffusion coefficients
in the B2-NiAl compound used as bond coat in turbine blades and in Li ion
battery electrode materials.

9:40 AM Invited
New Paradigm in Developing Atomic Mobility Databases: Zi-Kui Liu?;
"Pennsylvania State Univ

Atomic diffusion is a common and important non-equilibrium process in
solids that takes place at finite temperatures. To computationally simulate atomic
diffusion processes, the thermodynamic and atomic mobility databases of the
materials of interest are needed. The modeling technique of atomic mobility
databases and related software has been becoming more and more matured in
the last decades. However, the input data for the modeling is exclusively taken
from experimentally measured tracer and chemical diffusion coefficients. In this
presentation, a new modeling paradigm is presented which integrates quantum
mechanics calculations, statistic analysis, and phenomenological modeling.
Firstly, our recent progress in predicting self and dilute diffusion coefficients
by quantum mechanics calculations will be discussed. Secondly, our approach
to the unstable vibrational mode of transition states during diffusion will be
outlined. Finally, the contribution to phenomenological modeling of atomic
mobility will be presented.
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10:15 AM Break

10:25 AM Invited
Mechano-chemistry, Foundations and Modeling: Marek Danielewski'; Bartek
Wierzba'; Jolanta Janczak?; Magdalena Pawelkiewicz!; 'AGH University of
Science and Technology; 2EMPA

The volume continuity equation is used to define the material frame of
reference in the multicomponent alloys. It allows to omit Darken postulate
of constant molar volume, extends his method, defines frame of reference for
diffusion and allows using Navier-Lamé equation of mechanics. Proposed form
of conservation equations is self-consistent with the literature from classical
Kirkendall experiments and their interpretation by Darken, Shimozaki and
Onishi. The method allows for phenomenological description of multiscale
phenomena and opens vast number of entirely new possibilities. We will show
four series of Ni-Cu-Ag-Sn quaternary diffusion multiples of various geometries
and distributions of elements in 3D fragments. Comparison of experimental
and modeling results are reviewed. The new software and interpretation of
experimental results will be presented.

11:00 AM Invited
Modelling of Oxidation and Creep Resistance in Fe-Cr High-Temperature
Steels: John Agren'; Samuel Hallstrom!'; Johan Jeppsson'; Lars Hoglund!;
'Royal Institute of Technology

Modelling, based on oxidation controlled by bulk and grain boundary
diffusion through the alloyed oxide on the steel surface, is presented. The
model for volume diffusion is based on a vacancy mechanism and mobilities
and thermodynamic factors assessed by means of the Calphad type of analysis.
The model is implemented in the DICTRA software and allows the calculation
of oxide growth controlled by diffusion of metal ions as well as oxygen ions.
The effect of porosity caused by a Kirkendall effect in oxides is discussed. The
creep resistance is modeled by considering dislocation mechanisms that involve
particle strengthening and solution hardening. The evolution of precipitate
structure is predicted by kinetic calculations involving diffusion controlled
phenomena such as growth and coarsening and also dissolution of less stable
phases. Comparisons with experimental data are presented.

11:35 AM
First-Principles Calculation on Impurity Diffusivities in Ferritic Iron:
Shenyan Huang'; Daniel Worthington?;, Mark Asta’; Peter Liaw!; !'University
of Tennessee, Knoxville; 2University of Texas, Austin; *University of California,
Davis

To assist the alloy design for a creep-resistant ferritic Fe-based superalloy
useful up to 1,033K, first-principles calculations have been applied to compute
impurity diffusivities in the ferritic iron. To augment existing kinetic databases,
which lack experimental measurements for a number of 4d and 5d solutes,
diffusivities have been derived by incorporating first-principles calculated jump
rate probabilities into a generalized five frequency model of vacancy mediated
diffusion in the dilute limit. Using a transition-matrix approach with input
parameters derived from the first-principles calculations, the correlation factors
for solutes in ferritic iron have been determined. First-principles calculations
were also conducted to calculate the induced magnetization of the impurity
in the first and second neighbors, and thus, to investigate the relation between
activation energies in ferromagnetic and paramagnetic states, employing an
established empirical relation. This project is acknowledged by the Department
of Energy Office of Fossil Energy Program, with Dr. Patricia Rawls.

11:55 AM
Isotopic Diffusion Studies in Mg-Rich Light Metal Alloy Systems: Nagraj
Kulkarni!; Peter Todd?; Yongho Sohn3; 'University of Tennessee; 20ak Ridge
National Laboratory; 3University of Central Florida

The development of an Integrated Computational Materials Engineering
(ICME) framework for Mg-based light-weight alloys required for next-
generation automotive materials will require a reliable diffusion database that
can be integrated with other modeling activities. In this study, we focus on
SIMS-based tracer diffusion studies in the Mg-Al-Mn system that are carried out
using stable isotopes. The procedures and challenges involved in such studies
will be discussed and preliminary results will be presented. Research sponsored
by the U.S. Department of Energy, Assistant Secretary for Energy Efficiency and
Renewable Energy, Office of Vehicle Technologies, as part of the Automotive
Lightweighting Materials Program, under contract DE-AC05-000R22725 UT-
Battelle, LLC.

12:15 PM
Variational Approach to the Boltzmann Matano Methods for Determination
of the Diffusivity Coefficient: Alonso Jaques'; Jeffrey LaCombe!; 'University
of Nevada

The Boltzmann-Matano method is used extensively in the determination of
diffusivities in alloys. In the course of analyzing experimental data to determine
D(C), numerical integrations and differentiations of the concentration profile are
performed. With experimental data containing point-to-point noise, there are
challenges related to calculating the slope (for example). Therefore, smoothing
of the experimental data is often performed prior to analysis. This step can
introduce numerical “artifacts” into the data and affects the confidence in the
estimated parameters. We present here, an approach to the Boltzmann-Matano
method that is based on a variational formulation for the numerical operations
performed on the concentration data, avoiding the necessity of smoothing the
data beforehand. This approach therefore, has the potential to be less subjective,
and in numerical simulations, shows an increased accuracy in the estimated
diffusion coefficients. The analysis method and accompanying publically-
available analysis software used for this analysis will be discussed.

Dislocations: 75 Years of Deformation Mechanisms:
Effects of Obstacles, Surfaces, and Scale on

Dislocation Generation and Motion

Sponsored by: The Minerals, Metals and Materials Society, TMS Materials
Processing and Manufacturing Division, TMS Structural Materials Division, TMS/ASM:
Mechanical Behavior of Materials Committee, TMS: Nanomechanical Materials
Behavior Committee

Program Organizers: David Bahr, Washington State University; Erica Lilleodden,
GKSS Research Center; Judy Schneider, Mississippi State University; Neville Moody,
Sandia National Laboratories

Tuesday AM
February 17, 2009

Room: 3022
Location: Moscone West Convention Center

Session Chairs: Scott Mao, University of Pittsburgh; Neville Moody, Sandia
National Laboratories

8:30 AM Invited
Fluid Mechanics of Dislocations Moving in a Phonon Liquid: John Gilman!;
University of California

At moderately high velocities, the Reynolds number for dislocations moving
in a phonon liquid lie in the range (~50) at which vortices begin to form form and
be shed. Vortex shedding causes buffeting forces which in turn cause local cross-
gliding of screw dislocations; particularly in bece-metals. This effect is in addition
to the drag caused by the phonon viscosity. The buffeting forces increase with
increasing velocities and lead to turbulent flow. At temperatures below the Debye
temperatures, the phonon density decreases, reducing the phonon drag, and
increasing the maximum velocities at constant applied stress. This increases the
average Reynolds number, and therefore the buffeting intensity which increases
the cross-gliding rate, while the latter increases the deformation-hardening rate.
It is suggested that these fluid dynamics phenomena account for the increase in
the flow stress with decreasing temperature that is observed in pure bee-metals.

9:00 AM
The Role of Solute Segregation on the Evolution and Strength of Dislocation
Junctions: Bulent Biner!; Q. Chen!; X. Y. Liu?; 'Ames Laboratory (USDOE);
2Los Alamos National Laboratory

In this study, the role of solute segregation on the strength and the evolution
behavior of dislocation junctions is studied by utilizing kinetic Monte Carlo and
3D dislocation dynamics simulations. The different solute concentrations and
the character of the junctions are all included in the simulations in an effort
to make a parametric investigation. The results indicate that the solutes have a
profound effect on the strength of the junctions. Solute segregation can lead to
both strengthening and weakening behavior depending upon the evolution of
the dislocation junctions. The local solute concentration seems to be the more
relevant parameter to characterizing the solute and dislocation interactions,
due to the short-range stress field of solutes; and its bounds are set by the
unconstrained volume dilatation. * This work at the Ames Laboratory was
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supported by the Department of Energy-Basic Energy Sciences under Contract
No. DE-AC0207CH11358.

9:20 AM
On the Origin of Plastic Instability of AI-Mg Alloy 5052 during Stress Rate
Change Test: Chen-ming Kuo!; Chi-Ho Tso!; 'I-Shou Univ

Plastic instability or Portevin-Le Chetelier effect is observed during stress
rate change test of Al-Mg alloy 5052 at room temperature. In the stress rate
change experiments, strain retardation and plastic instability are observed, that
is, although the applied stress rate changes, plastic strain is insignificant until
the plastic instability occurs. By slightly increasing the final stress level, plastic
instability is observed and modeled by the typical plastic deformation mechanism,
that is, thermally activated kinetic flow theory coupled with structural evolution
law. By changing the values of suitable parameters to simulate the microstructure
change of instability, the origin of plastic instability could be understood.

9:40 AM
Serrated Flow and the Portevin-LeChatelier Effect in Austentic Steel with
Twinning Induced Plasticity: Louis Hector!; Pablo Zavattieri!; Vesna Savic?;
James Fekete?; 'General Motors R&D Center; 2General Motors Corporation
The twinning induced plasticity (TWIP) effect in high manganese austenitc
steels leads to extreme strain hardening and elongation. Twinning helps retain
the austenitic structure and twin boundaries act as barriers to dislocation motion.
True stress-true strain curves exhibit step-like serrations beyond a critical
strain suggesting the Portevin-LeChatelier (PLC) effect and negative strain rate
sensitivity. Here, PLC band nucleation and propagation in TWIP steel were
investigated with a digital image correlation (DIC) technique. Images of one
surface of a tensile specimen were recorded with a variable framing rate high
speed digital camera and custom image acquisition software. Post-processing of
the data resulted in color strain and strain rate contour maps. Band nucleation,
the direction of band propagation, and strain accumulation in the wakes of the
bands were explored in the vicinity of individual serrations in flow curves. The
present results are qualitatively compared with the PLC effect in Al-Mg alloys.

10:00 AM
Twinning Dislocations and Twin/Matrix Interfacial Structure in HCP
Metals: Bin Li'; Evan Ma!; 'Johns Hopkins University

The double-layered structure of the twinning planes of HCP metals makes
the twinning processes in HCP metals distinctly different from those in high-
symmetry metals where the twinning plane is also the slip plane for dislocations.
While a previous study suggests that a combination of <c+a> and <a> dislocations
that spreads over a number of twinning planes (a zonal dislocation) can be the
source of a twin embryo, we show that the actual configuration of the twinning
dislocations is controlled by the energetics at the twinning plane. Instead of
bonding two single crystals in the twinning orientation and then relaxing the
twins, we investigate twin/matrix interface structure during deformation twinning
in magnesium, using molecular dynamics and a simulation scheme different
from previous studies. Valuable information regarding the configuration of the
twinning dislocations and the twin/matrix interfacial structure is obtained.

10:20 AM Break

10:40 AM Invited
Dislocation Micromechanisms and Scale-Free Flow in Microcrystals: Dennis
Dimiduk'; Christopher Woodward'; Paul Shade?;, Michael Uchic!; Satish Rao?;
Ed Nadgorny*; 'US Air Force Research Laboratory; 20Ohio State University;
SUES, Inc.; “Michigan Technological University

Recent evidence shows that dislocation plasticity of crystals exhibits scale-
free flow avalanches. However, there are relatively few experimental studies that
reveal the dislocation mechanisms governing such behavior. Simulation studies
suggest that long-range interactions between the ensemble of dislocations leads
to their intermittent collective motion and the observed power law avalanche
statistics. Those observations appear to be supported by slip step-height statistics
and, indirect acoustic-emission experiments have been interpreted in a similar
way. The present study examined the flow behavior of a variety of micrometer-
sized single crystals deformed at room temperature via compression testing.
The avalanche statistics have been examined as a function of material type and
assessments of expected dislocation micromechanisms. The results of the study
are discussed with attention to the nature of avalanches, their maximum size cut-
off and the size-affected flow stress observed for such crystals.

11:10 AM
In-Situ Mechanical Testing at the Micro-Scale: Paul Shade!; Robert Wheeler?;
Michael Uchic?; Dennis Dimiduk3; Yoon-Suk Choi2;, Hamish Fraser!; 'The Ohio
State University; 2UES, Inc.; 3Air Force Research Laboratory

Mechanical testing of micron-size samples provides distinct advantages over
macroscopic testing for quantifying selected fundamental processes governing
plastic flow, such as intrinsic size effects and direct, quantitative measures of
strain heterogeneity and intermittency. We have developed a custom device for
performing uniaxial mechanical tests on micron-scale samples that can operate
inside a scanning electron microscope (SEM). When this device is employed
within an SEM one can access both tensile and compressive test modes, and
also directly observe the spatial distribution of deformation events through
continuous recording of SEM images. The present study will highlight the
effect that the device construction—in particular, the lateral stiffness of the
compression platen or tensile grip—has on the resultant mechanical response of
microcrystals that are oriented for single slip deformation. We also compare the
observed deformation response to results obtained with crystal-plasticity finite
element modeling of similar test structures.

11:30 AM
Focused Ion Beam Induced Damage Effects on the Plasticity of Nano- and
Micro-Pillars: Jaafar El-Awady!; Christopher Woodward?; Dennis Dimiduk?;
Nasr Ghoniem!; 'University of California, Los Angeles; 2Air Force Research
Laboratory

We present a computational study of the effects of radiation damage produced
during focused ion beam (FIB) milling on the mechanical behavior of nano- and
micro-pillars. We conduct three-dimensional dislocation dynamics simulations
of cylindrical Ni single-crystals under compression, using the parametric
dislocation dynamics coupled with the boundary element method. A strengthening
effect due to th FIB induced damage layer is seen to become more prominent
for sizes in the range between 0.5 and 1 micrometer, were the flow strength can
increase by over 20%. As the size of the micropillar decrease the applied stress
becomes high enough to overcome the effects of the damaged layer. Also, for
larger diameters some cases of softening are observed. In addition, it is shown
that the dislocation density can reach 3 times that computed when the effects of
the damage layer areneglected.

11:50 AM
Analysis of the Hertzian Estimate of Dislocation Nucleation Stresses in
Nanoindentation Experiments: Li Ma'; Dylan Morris'; Stefhanni Jennerjohn?;
David Bahr?; Lyle Levine'; 'NIST; 2Washington State University

The dislocation nucleation stress of crystalline materials is frequently
estimated from the maximum shear stress assuming Hertzian contact up to the
first “pop-in” event, which is a sudden displacement burst during load-controlled
nanoindentation. However, the irregular indenter tip shape will significantly
change the stress distribution, and therefore the maximum shear stress from
Hertzian estimation. In this work, the near-apex shape of two real Berkovich
indenters, one lightly and another heavily used, were measured by SPM and
directly input into FEA models for “virtual” nanoindentation experiments on
<100>-oriented single-crystal tungsten. Simultaneously, experiments were
carried out using the same indenters. The load-displacement curves from FEA
simulation show good agreement with those from the experiments. Hertzian-
estimated radii for both indenters were significantly larger than those directly
measured from the scanning-probe experiments and those obtained from FEA
spherical indentation. The underestimation of the dislocation nucleation shear
stress from both indenters is studied.

12:10 PM
Atomic-Scale Deformation Kinematics for Simulations of Dislocation
Nucleation and Bicrystal Grain Boundary Evolution: Jonathan Zimmerman';
Garritt Tucker?; David McDowell; 'Sandia National Laboratories; 2Georgia
Institute of Technology

We present a method for calculating an atomic-scale deformation gradient
within atomistic simulation, and use this method to analyze a biaxially stretched
thin film containing a surface ledge, an FCC metal loaded by a nanometer-scale
indenter, and bicrystal grain boundaries subjected to shear loading. Our analyses
compare this metric’s consistency with its continuum counterpart, which is
known to have a zero curl for compatible deformations. Discontinuities in the
deformation gradient indicate the presence of defects associated with plastic
deformation, including dislocations and stacking faults. Our grain boundary
simulations reveal pronounced deformation for small regions surrounding
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the grain boundary, and demonstrate the influence of interfacial structure on
mechanical behavior. Our research provides a useful tool for linking atomistic
simulation results with continuum mechanics. 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.

Electrode Technology for Aluminum Production:
Special Session: Coke Quality Changes and
Countermeasures

Sponsored by: The Minerals, Metals and Materials Society, TMS Light Metals
Division, TMS: Aluminum Committee

Program Organizers: Barry Sadler, Net Carbon Consulting Pty Ltd; John Johnson,
RUSAL Engineering and Technological Center LLC

Room: 2003
Location: Moscone West Convention Center

Tuesday AM
February 17, 2009

Session Chair: Alan Tomsett, Rio Tinto Alcan

8:30 AM Introductory Comments

8:35 AM Invited
Coal Tar Pitch: Past, Present, and Future: John Baron!';
Stacey McKinney'; 'Koppers Industries Inc

The first coal chemical recovery ovens were installed in the United States
in 1893. By 1915, by-product ovens accounted for 97% of metallurgical coke
produced. These by-product ovens produced coal tar as one of the major by-
products. An industry developed around distillation of coal tar to produce
various products. One of the major products produced is coal tar pitch. Since
that time, coal tar pitch has become the binder of choice for the aluminum,
commercial carbon, and graphite industries. A science has developed around
defining the quality of a binder pitch based on its physical properties. Successful
and unsuccessful efforts in this endeavor will be discussed. In addition some of
the major changes in coal tar pitch properties as well as some of the successful
and unsuccessful attempts to modify pitch properties will be discussed. Lastly,
coal tar pitch supply and quality issues for the future will be addressed.

Robert Wombles!;

9:00 AM Invited
Refining Challenges and Opportunities for Anode Coke Quality: Frank
Cannova'; Yen Hoang!'; Bernie Vitchus!; 'BP Coke

Crude oil supply and quality has significant impact on petroleum refining as
well as calcined coke availability and quality. Calcined coke quality is directly
affected by the crude oil quality and refining conditions. The choice of crude
to refine is mostly affected by crude price, availability and product yields.
The current and future challenges for the aluminum smelting industry will be
discussed from the perspective of an integrated coke producer. World crude oil
impacts, challenges to anode grade coke supplies and projected calcined coke
quality will be presented together with a discussion for aluminum smelter carbon
plant anode options.

9:25 AM Invited
US Refining Economics — A Model Based Approach: Todd Dixon!;
IConocoPhillips

The US refining industry has seen a shift over the last decade towards
processing heavy, sour crude. These crudes generally translate into coke that is
inferior for the production of anodes versus the lighter crudes. This trend can be
understood by reviewing the economics of refining a light, sweet crude versus
a heavy, sour crude. To do so, a simple model refinery was developed and the
economics of processing different crude types will be presented using market
indices for pricing. From this model, basic coke properties that are of importance
to the manufacture of anodes will also be derived.

9:50 AM Invited
Changes in Anode Raw Material Quality in China - The Impact of Imported
Crudes and Refinery Modifications: Paul Adkins'; 'AZ China Limited

China has long been a source for low-cost reasonable-quality carbon anodes
for aluminium smelters. More recently however, China’s green coke output has
seen increasing sulphur levels. As China imports increasing amounts of crude

oil, the crude slate is changing inexorably. What is the future for Chinese anodes
in terms of quality and price? How will China’s thirst for oil impact exports of
green coke, calcined coke and anodes?

10:15 AM Break

10:25 AM Invited
Enhancing Coke Bulk Density through the Use of Alternative Calcining
Technologies: Kenneth Ries!; 'Kenneth E Ries Consulting

The quality of petroleum coke used to make anodes for Aluminum production
has declined in recent years and this trend is expected to continue. For example,
high volatile green coke can result in low bulk density calcined coke leading
to a corresponding low apparent density baked anode. This can have a serious
negative impact on the smelting process. While most of the coke used in the
industry is calcined using either rotary kilns or rotary hearth furnaces, there is
a notable exception - the widespread use of shaft furnaces for coke calcining
in China. These furnaces have some unique attributes that result in higher than
expected calcined coke bulk densities. This paper will examine the potential for
wider use of these shaft furnaces, and other alternative calcining technologies, to
improve calcined coke density from available green cokes.

10:50 AM Invited
Anode Coating to Prevent Air Burn Oxidation in Aluminium Smelters:
Mahnaz Jahedi'; Anselm Oh'; Enzo Gulizia!; Stefan Gulizia'; Ali Jassim
Malallah?; Maryam Al Jallaf?; Najeeba Al Jabri?; Ali Al Zarouni2; 'CSIRO/Light
Metals Flagship; 2Dubal

Carbon anodes in Aluminum smelters are subjected to Air burn oxidation
which shortens anode life and increases CO2 emission. CSIRO Light Metals
Flagship has developed a novel coating to protect carbon anodes from air burn
oxidation without adversely affecting current production. This coating is a
barrier coating with robust properties which satisfies demanding requirement of
Aluminum smelters. The coating is easy to apply and resistant to damage during
transport, installation and operation. The coating maintains integrity throughout
the life of the anode without cracking or melting. The industry trials showed
no safety issues. The laboratory tests and prototype anode trials results are
presented. The performance of this coating is compared with molten Aluminum
coating and The results showed this coating has 20-30 times better performance
than molten Aluminum coating while it is cost effective.The industry trials so far
have shown promising results.

11:15 AM
Minimizing Impact of Low Sulfur Coke on Anode Quality: Angelique Adams!;
Roy Cahill'; Yves Belzile'; Katie Cantin'; Michel Gendron'; 'Alcoa Inc
Approximately 95% of the SO, emissions generated by a smelter can be
attributed to sulfur found in the incoming petroleum coke used in anode
production. Efforts to reduce smelter SO, emissions have resulted in a number
of plants shifting to lower sulfur coke. Shifting to lower sulfur concentrations in
the anode has been demonstrated by others to negatively impact anode quality
and potentially potroom performance by increasing the anodes susceptibility
to reaction with carbon dioxide. In the following paper, we explore various
methods to minimize this impact. These include, types of low sulfur cokes to
be used in the coke blend, alterations in aggregate granulometry, and improved
baking practices. The results from these studies are presented.

11:40 AM Invited
Mild Coal Extraction for the Production of Anode Coke: Rodney Andrews!;
David Jacques'; Terry Rantell'; 'University of Kentucky

The quality and availability of petroleum coke used in the manufacture of
carbon anodes for aluminum production is becoming of increasing concern to
the industry. Coke quality and yields have progressively declined as changes
in refinery practice and the move towards processing an increasing proportion
of heavier sour crudes have affected coke properties, resulting in an increase
in the metal impurities and sulfur content of the coke. An alternative supply of
anode coke is required to supplement or eventually replace calcined petroleum
coke. The significant domestic reserves of coal could represent a viable carbon
resource for anode production, provided defined coke specifications can be met
and at a cost that is economically viable. This paper will present an overview of
the use of coal to substitute for pet coke, with a particular focus on recent efforts
to producing anode grade coke through mild solvent extraction of coal.
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Emerging Applications of Neutron Scattering in
Materials Science and Engineering: Microstructure
Control

Sponsored by: The Minerals, Metals and Materials Society, TMS Electronic,
Magnetic, and Photonic Materials Division, TMS: Chemistry and Physics of Materials
Committee

Program Organizers: Xun-li Wang, Oak Ridge National Laboratory; Brent Fultz,
California Institute of Technology; Hahn Choo, University of Tennessee

Tuesday AM
February 17, 2009

Room: 3012
Location: Moscone West Convention Center

Session Chairs: Jaime Fernandez-Baca, Oak Ridge National Laboratory; Baek
Seok Seong, KAERI

8:30 AM Invited
Small Angle Neutron Scattering (SANS) Studies of Nanofeatures in
Irradiated RPV Steels: G. Robert Odette!; Brian Wirth!; Matthew Alinger’;
Nicholas Cuningham'; 'University of California

The advantage of producing both nuclear and magnetic scattering up to high q
have made SANS the dominant tool for characterizing the hardening-embrittling
nano-scale features (NFs) in irradiated light water reactor pressure vessel (RPV)
steels. The NFs are coherent Cu-Mn-Ni zones ranging from Cu rich to Mn-Ni
rich precipitates (CRPs and MNPs). We summarize an extensive SANS database
on the synergistic effects of alloy composition (Cu, Ni, Mn) and irradiation
variables (flux, fluence and temperature) on the NFs, including Cu free MNPs
that may result in severe but previously unanticipated embrittlement during
extended RPV lifetimes. We also compare SANS results to other techniques,
including atom probe tomography, which has historically suggested that there
is a significant quantity of Fe in the NFs; however, this is inconsistent with
that SANS data. We resolved this inconsistency by measuring the temperature
dependence of magnetic scattering, demonstrating that the NFs contain little
Fe.

9:00 AM Invited

Behavior of Light Elements in Steels Studied by Small-Angle Neutron and
X-ray Scattering: Masato Ohnuma!'; Jun-ichi Suzuki?; Mayumi Ojima3; F.G.
Wei¢; Syuji Narita’; Tetsuya Shimizu’; Kaneaki Tsuzaki!; Yo Tomota?; 'National
Institute for Materials Science; 2JAEA; 3Ibaraki University; “Yakin Kawasaki
Co. Ltd.; sDaido Steel Co. Ltd.

Demanding on green materials with lower emission to the environment and
saving natural resource, steel is now needed to be stronger by adding smaller
amount of alloying elements. To achieve such requirement, quantitative
characterization of size and volume fraction of precipitates is strongly required
for the efficient use of them. Since Small-Angle Scattering (SAS) is one of
the optimum techniques for quantitative characterization of microstructures,
applications of SAS using both X-ray and neutron are now promoting in NIMS.
In this talk, we show two results as examples. First is SAS characterization of
nitrogen-enriched clusters formed during tempering of high nitrogen martensitic
stainless steel in conjunction with hardness. In the second part, we show the
detection of hydrogen (average concentration is 0.03 at% in the sample) trapped
by nano-size NbC in steel by SANS.

9:30 AM
Small Angle Neutron Scattering Study on the Cold Rolled Steel Sheet:
Eunjoo Shin'; Baek Seok Seong!; Shi-Hoon Choi?; Hu-Chul Lee3; Kye Hong
Lee!; 'Korea Atomic Energy Research Institute; 2Sunchon National University;
3Seoul National University

For low carbon steels, the effect of a cold rolling on a SANS pattern was
investigated. Several cold rolled steel samples with different reduction rates and
annealed samples after a cold rolling were measured by SANS. The cold rolled
samples presented anisotropic 2-dimensional(2D) SANS patterns. From the
2D SANS patterns, two kinds of 1D patterns were calculated; one was for the
QURD(rolling direction), the other for the Q//RD. The scatterer sizes calculated
from the 1D patterns by using a model fitting were increased with the reduction
rates, only for the Q[TRD section. The annealed sample presented an isotropic
SANS pattern. A crystal plasticity finite element method was employed to
simulate the strain distribution around fine precipitates in the steels after cold

rolling deformation. Representative volume elements are used to capture the
inhomogeneous deformation in ferrite matrix containing hard precipitates. The
<111>//ND fiber texture components were assumed as initial orientations.

9:50 AM
Nano-Scale Solute Partitioning in Bulk Metallic Glasses: Ling Yang'; Michael
Miller?; Xun-li Wang?; Chain Liu2; Alexandru Stoica?, Dong Ma; Jon Almer?;
Donglu Shi'; 'University of Cincinnati; 2Oak Ridge National Laboratory;
3Argonne National Laboratory

Fundamental understanding of composition variations and morphology of
the nanoscale structure is essential for the development of advanced materials.
A single experimental technique simply cannot provide all the answers. In this
paper, we demonstrate an approach that leverages the power of several state-of-
the-art characterization tools, from microscopy to x-ray and neutron scattering,
to uncover the structure and phase transformation of nanocrystalline particles
in devitrified bulk metallic glass. Nano-scale solute partitioning, due to strong
chemical order, is revealed at an unprecedented detail by a new wide field of view
atom probe. This level of details is crucial for understanding the interference
peaks observed in small angle x-ray and neutron scattering experiments,
a mystery that has lingered for more than a decade. The implications of our
experimental results are discussed with regard to the stability of metallic glass
alloys.

10:10 AM Break

10:30 AM
Effect of Nano-Sized Precipitates on the Mechanical Properties of Low-
Carbon Steels by Neutron Scattering Techniques: Baek Seok Seong!; Eunjoo
Shin; Shi-Hoon Choi'; Kye Hong Lee'; 'KAERI

SANS and powder diffraction techniques were applied to study the effect of
nano-sized precipitates and a boron addition on the mechanical properties of low
carbon steels quantitatively. Fine core-shell spherical precipitates with an average
radius of ~ 5 nm like MnS surrounded by BN layers in boron-added steels were
mainly observed. In boron added steels the number of boron-precipitates such as
BN, Fe3(C, B) drastically increased at higher rolling temperature. The volume
fraction of the fine precipitates of the boron added steels was higher than that
of the boron free steels. The boron addition to the low carbon steels resulted
in reducing the strength and improving the elongation, which is related to the
reduction of the solute carbon and the nitrogen contents in the ferrite matrix
caused by the precipitation of the BN as well the increase of the volume fraction
of the cementites.

10:50 AM Invited
In-Situ Time-Resolved Analyses of Microstructure in Advanced Materials
under High Magnetic Fields Using Neutron Scattering: Jaime Fernandez-
Baca!; Gerard Ludtka!; Gail Ludtka'; Camden Hubbard'; John Wilgen'; Roger
Kisner!; 'Oak Ridge National Laboratory

We will present recent developments to conduct in-situ neutron scattering
measurements of transformations that occur in materials when processed at high
magnetic fields and elevated temperatures. An induction heater was designed
to provide temperatures up to 1200 degrees C inside a 5-Tesla cryomagnet.
The combination of this thermal magnetic system and the Wide Angle neutron
Diffractometer (WAND at ORNL’s High Flux isotope Reactor allowed the time-
resolved neutron diffraction study of the shift in equilibrium phase transformation
temperatures that occur in an Fe-C binary alloy when a high magnetic field
is applied at elevated temperatures. The use of the WAND enabled several
diffraction peaks to be monitored simultaneously as the microstructure evolved
under the influence of the external magnetic field. The WAND is a high-intensity,
medium-resolution powder instrument operated jointly by ORNL and the Japan
Atomic Energy Agency (Tokai, Japan) under the US-Japan Cooperative program
on Neutron Scattering.

11:20 AM
Overview of the High Resolution Powder Diffractometer at the High Flux
Isotope Reactor: Ovidiu Garlea!; 'ORNL

The powder diffractometer HB2a at the High Flux Isotope Reactor is
undergoing a major upgrade, being optimized to offer both high flux and high
resolution. The instrument is equipped with a new vertically focused Ge wafer
monochromator that provides one of three principal wavelengths: 2.41 A, 1.54
A, and 1.12 A. A new detector shielding, more effective and more compact, gives
access to a wide scattering angle range ( -2° <26 < 164° ). This diffractometer
will provide high-throughput studies of nuclear and magnetic structures as a
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function of intensive conditions. In addition to traditional Rietveld refinements,
studies of phase transitions, thermal expansion, quantitative analysis, and ab-
initio structure solution from powder data can be undertaken. This presentation
will give an overview of the HB2a diffractometer and illustrate its capabilities
with recent neutron scattering studies on new materials ranging from ternary rare
carth-alloys to organometallic systems.

Fatigue: Mechanisms, Theory, Experiments and
Industry Practice: The Role of Microstructure in
Fatigue

Sponsored by: The Minerals, Metals and Materials Society, TMS Structural Materials
Division, TMS/ASM: Computational Materials Science and Engineering Committee,
TMS/ASM: Mechanical Behavior of Materials Committee, TMS/ASM: Nuclear Materials
Committee

Program Organizers: Koenraad Janssens, Paul Scherrer Institute; Corbett Battaile,
Sandia National Laboratories; Brad Boyce, Sandia National Laboratories; Luke Brewer,
Sandia National Laboratories

Tuesday AM
February 17, 2009

Room: 3008
Location: Moscone West Convention Center

Session Chairs: Corbett Battaile, Sandia National Laboratories; Luke Brewer,
Sandia National Laboratories

8:30 AM Invited
Selected Problems in the Fatigue Behavior of Titanium Alloys: Adam
Pilchak'; Amit Bhattacharjee'; James Williams!; 'Ohio State Univ

Titanium alloys have fatigue strengths at 106 cycles that typically are ~0.6 of
the tensile yield strength (o,). Since Ti alloys essentially contain no inclusions,
the fatigue strength can be tailored according to the value of 6, without concern
for intervention of inclusions as crack initiation sites. High temperature Ti alloys
such as Ti-6Al-2Sn-4Zr-2Mo(+Si) and IMI834 also can exhibit a significant
reduction in fatigue life if the load is held at maximum value as compared to
continuously cycled in a load controlled test. This effect is called dwell fatigue.
Furthermore, local variations in the microstructure due to processing or other
production related events can serve as early fatigue crack initiation sites. These
variations must be either eliminated or accounted for in design data, the former
being preferred. This talk will describe several aspects of the fatigue behavior of
Ti alloys. The practical implications of this behavior will be discussed.

9:00 AM
Deformation of Ti-6-4 at the Microstructural Scale: Experiments and
Simulations: Philip Littlewood'; Mario Nardone!; Fionn Dunne!; Angus
Wilkinson'; 'University of Oxford

Experiments and simulations have been conducted on the local response at
the microstructural scale of the titanium alloy Ti-6-4, to imposed monotonic and
cyclic deformation. Both textured and untextured material has been examined.
Regions of approximately 100 pm by 100 pm have been marked on the surface
using a FIB, and EBSD used to map the grain morphology and orientations
before deformation. FIB was also used to generate finer surface markers in these
regions. The displacements of these allow the local in plane deformation fields
to be determined.EBSD measurements on the undeformed samples were used
to construct a crystal plasticity finite-element simulations. Simulations were run
with different combinations of allowed slip systems including a and c+a slip
and basal and prismatic slip planes. The importance of these slip systems and
the boundary conditions in the model are assessed through comparison between
experimental observations and modelling predictions.

9:20 AM
The Population of Databases Relating Microstructure and Fatigue in Ti-
555: John Foltz!; Brian Welk!; Peter Collins'; Rajagopalan Srinivasan!; James
Williams!; Hamish Fraser!; 'Ohio State Univ

It is well known that variations in the thermomechanical history of Ti-555
(Ti-5A1-5V-5Mo-3Cr-0.5F¢), and the corresponding changes in microstructural
features of the alloy can significantly impact the resulting mechanical
properties. While such variation includes the fatigue life, the exact nature of the
microstructure-property relationship is not well understood. In order to explore
the influence of the microstructural features present in Ti-555 on fatigue life, a
database relating these to the fatigue life in four-point bend (R=0.1 at 60 hertz)

tests has been populated. Precisely controlled variations in thermal histories
were affected using a Gleeble(R) thermomechanical simulator. The resulting
microstructures have been characterized using optical and electron microscopic
techniques, and subsequently quantified. The fatigue life has been measured at
a constant fraction of the experimentally measured yield strengths. Fatigue life
will be discussed in reference to important microstructural features.

9:40 AM
Effects of Microstructure and In Situ Development of Crack Closure on
Fatigue in Self-Healing Composites: Eric Brown'; 'Los Alamos National Lab
A growing body of work in the literature is investigating a class of
materials possessing the ability to self-healing in response to damage and
crack growth. The first of these materials, as reported in Nature, employed
ureaformaldehyde microcapsules containing a dicyclopentadiene healing agent
and dispersed Grubbs’ ruthenium catalyst in an epoxy matrix. This material
has been demonstrated to recover over 90% of its virgin fracture properties
and to exhibit significantly improved resistance to fatigue crack growth. The
composite microstructure and inclusion of fluid filled microcapsules inhibit
fatigue crack growth in the glassy epoxy. Self-healing functionality can lead to
negative crack growth through healing under simply cyclic loading and complex
loading histories. Finally, crack closure associated with the in situ self-healing
mechanism is shown to arrest fatigue crack growth in high cycle fatigue loading.
These fatigue mechanisms will be discussed in the initial self-healing material
and subsequent variants.

10:00 AM
Fatigue Cracking Mechanisms of F.C.C. Crystalline Materials: Z. F. Zhang!;
'Institute of Metal Research/Chinese Academy of Sciences

In the current study, fatigue cracking mechanisms of pure Cu bicrystals,
polycrystalline and ultrafine-grained pure Cu, Cu-Al and Cu-Zn alloys were
systematically investigated under cyclic loading. In pure Cu bicrystals, it was
found that the large-angle grain boundaries (GBs) are always the preferential sites
for fatigue cracking; however, we never found fatigue cracking along those low-
angle GBs. In polycrystalline pure Cu, Cu-Al and Cu-Zn alloys, the large-angle
GBs are still the preferential fatigue cracking sites. With the addition of Al or Zn,
the surface slip bands become more homogeneous and display less localization
after cyclic deformation. It is found that the annealing twin boundaries (TBs)
gradually trend to produce fatigue cracks. With the grain refinement into ultra-
fine level, plastic strain localization and fatigue cracking nucleated along shear
bands (SB) at low strain amplitude but was changed to deformation bands (DBs)
at high strain amplitude.

10:20 AM Break

10:40 AM Invited
Microstructurally Small Crack Fatigue in Lightweight Engineering Alloys:
Modeling and Experiments: Mark Horstemeyer!; Haitham El Kadiri!; Yibin
Anna Xue'; 'Mississippi State Univ

Fatigue crack growth micromechanisms in A17075-T651 and in four
cast magnesium alloys AMS0, AM60, AZ91 and AE44 were identified
using fractography and in-situ SEM techniques, and predicted through a
microstructurally multistage fatigue model. Namely, for magnesium alloys, the
main fatigue crack initiated on shrinkage pores and to a lesser extent on large
Mn-rich particles. Small cracks propagated along the a-Mg dendrite / eutectic
interface, and then through the Al-rich eutectic. In the long crack regime, the
crack advanced in a mix transdendritic-interdendritic mode along persistent slip
bands spreading over several tens of dendrite cells. For A17075, The fatigue
crack nucleated at iron-rich intermetallics through either a debonding or crack
transition from the particle into the matrix. Small cracks showed a step-like
structure that changed from grain to grain. The long cracks advanced through
individual damage lines along slipped planes ahead of the crack tip.

11:10 AM
Low Cycle Fatigue Variability in Single Crystal Nickel-Base Superalloys
Directionally Solidified with Liquid Metal Cooled and Conventional
Bridgman Processes: Clinique Brundidge'; Tresa Pollock'; 'University of
Michigan

Factors influencing the fatigue variability of a single crystal nickel-base
superalloy tested at 538°C (1000°F) have been examined. The role of cooling
rates during solidification has been investigated with the use of a liquid metal
cooling (LMC) directional solidification process in comparison to a conventional
Bridgman solidification technique. Additions of Tantalum to improve the
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shearing resistance of precipitates have also been investigated. Increases in
cooling rates during solidification significantly decrease primary and secondary
dendrite arm spacings as well as decrease the size of solidification shrinkage
pores. Increases in cooling rates improve fatigue life by as much as a factor of
seven. Solidification variables had a stronger impact on fatigue life than minor
changes in chemistry. The influence of various features of cast microstructure on
fatigue variability will be discussed.

11:30 AM
Influence of Grain Boundaries on the Cyclic Slip Activity of PSBs — A
Comparison of Surface and Bulk Grains: Anja Weidner!; Werner Skrotzki';
ITU Dresden

The slip activity and shear strain of persistent slip bands in polycrystalline
nickel were studied after half-cycle deformation at different stages of fatigue
life using the combination of atomic force microscopy and scanning electron
microscopy. Recent studies on surface grains showed that the half-cycle slip
activity of PSBs significantly depends on the stage of fatigue life, although the
local shear strain is nearly independent on it. But up to now this behaviour is
indistinct. Possible reasons could be a hardening effect due to secondary slip
within PSBs, the appearance of micro structurally short cracks, the influence of
grain boundaries or a surface effect solely. Therefore, the surface investigations
of the half-cycle slip activity as well as the local shear strain of PSBs have been
extended by detailed studies on bulk grains after removing surface layer. A
comparison between the results on surface and bulk grains will be discussed.

11:50 AM
The Role of Microstructural Heterogeneity on Fatigue Lifetime Variability
in the Very High Cycle Regime: Christopher Szczepanski'; Sushant Jha?; James
Larsen’; J. Wayne Jones'; !'University of Michigan; 2Universal Technology
Corp; 3US Air Force

The very high cycle fatigue behavior of Ti-6246 has been investigated using
ultrasonic fatigue techniques and lifetimes ranging from 10° to 10? cycles have
been observed. In this regime of fatigue (0.4-0.66,), only certain microstructural
regions are susceptible to fatigue damage accumulation, and lifetimes are related
to the distribution of these fatigue critical microstructural neighborhoods. In the
current work, three distinct classes of fatigue failures have been identified; one
surface initiation mechanism and two subsurface initiation mechanisms. Fatigue
cracks initiate by facet formation within o, grains favorably oriented for basal
slip in microtextured regions of the microstructure. The o, grains inherit their
orientation from the prior B phase, but they do not strictly follow the Burgers
orientation relationship upon transformation from the [ phase. The orientation
of the o, grains with respect to the parent B phase has been investigated to
determine how these microstructural neighborhoods encourage fatigue damage
accumulation.

Friction Stir Welding and Processing-V: Session Il
Sponsored by: The Minerals, Metals and Materials Society, TMS Materials
Processing and Manufacturing Division, TMS: Shaping and Forming Committee
Program Organizers: Rajiv Mishra, Missouri University of Science and Technology;
Thomas Lienert, Los Alamos National Laboratory; Murray Mahoney, formerly with
Rockwell Scientific

Tuesday AM
February 17, 2009

Room: 2014
Location: Moscone West Convention Center

Session Chair: Thomas Lienert, Los Alamos National Laboratory

8:30 AM Invited
An Experimental Framework for Advancing the Science Base of Friction
Stir Processing: Carl Sorensen!; 'Brigham Young University

Friction Stir Processing is used as a method for changing material properties
as well as for joining materials. Significant effort has been expended to
determine the effects of process parameters on resulting properties. In the
course of developing these relationships, a number of empirical methods for
understanding friction stir processing have been developed.This paper presents
a framework for research in friction stir processing. It explains the domains
of interest in the process, including the independent process parameter domain
(spindle speed, feed rate, and depth control parameter), the dependent process

parameter domain (spindle torque, process forces, power, and heat input),
the microstructure domain (grain size, grain shape, texture, microstructural
components), and the processed zone property domain. Research to advance
the understanding of FSP should focus on the mappings between these domains.
Examples of research for each of these mappings is presented.

8:50 AM
Effects of Rotation Speed and Welding Speed on Material Flow and Sitr
Zone Formation during FSW/P: Zhan Chen'; Song Cui'; 'AUT University

In the first part of our study, the mode of material flow in and next to thread
space which determines the mode of nugget zone formation was quantified.
Using an Al-Si alloy, the deformation of dendrites before entering into thread
space could be traced. Using this method, rapidly increases in strain and strain
rate towards thread space can be observed with strain and strain rate estimated
to be up to ~ 3.5 and ~ 85 s-1, respectively. In the second part of our study, how
the mode of material flow affected by tool rotation speed and feed rate were
studied. This series of experiments included the use of two very different alloys
(an Al-7Si based an Al-4.5Cu based). Thus the effect of the different mechanical
behaviors at peak temperatures on flow mode can be evaluated. Variations of
welding forces associated with the mode of change will also be correlated.

9:10 AM
Bending Limits in Friction Stir Processed 5083 Aluminum Plate: Michael
Miles'; Chris Smith%, Murray Mahoney?; Rajiv Mishra*; 'Brigham Young
University; 2Friction Stir Link; 3Formerly with Rockwell Scientific; “Missouri
University of Science and Technology

Bending performance of aluminum plates at room temperature can be enhanced
by friction stir processing (FSP), which can locally anneal and refine grain size
at the pre-tensile side of the plate. Plates with thicknesses from 8 - 25 mm of AA
5083 have been friction stir processed and then bent into a v-die to investigate
the increase in ductility that results from FSP. A finite element model was also
developed to predict bending limits of the friction stir processed plate, as well as
an unprocessed plate. The material property gradient in the friction stir processed
plate was obtained by machining tensile specimens at various locations through
the thickness of the plate and then testing the specimens to generate flow stresses
for the model calculations. This approach allowed for good agreement between
experiments and model prediction of plate bending limits.

9:30 AM
Microstructure and Mechanical Properties of an Al-Mo In Situ
Nanocomposite Produced by Friction Stir Processing: |. Shan Lee!; P. W.
Kao!; N. J. Ho'; 'NSYSU

In this work, friction stir processing (FSP) was applied to produce aluminum
based nanocomposites from powder mixtures of Al-Mo. This technique has
combined hot working nature of FSP and exothermic reaction between Al and
Mo. Fully dense Al-matrix composites with large amount of nanometer sized
reinforcement particles, which were formed in-situ, can be fabricated by FSP
without further consolidation process. The microstructure was characterized
by the use of TEM, SEM and XRD. The Al-Mo intermetallic particles were
identified as Al12Mo, which were formed in situ during FSP. These particles
have an average size of ~200nm. Due to the fine dispersion of Al12Mo particles,
the aluminum matrix has ultrafine-grained structure (~1um). In addition, the
reaction mechanism, and microstructure evolution during FSP, as well as the
mechanical properties of the Al-Mo in situ composites will be presented.

9:50 AM
The Effect of Friction Stir Process on Erosion Wear Behaviors of Al-14Si
Alloy: Tun-Wen Cheng'; Li-Hui Chen!; Truan-Sheng Lui!; 'Natl. Cheng-Kung
University

In this study, die-casting Al-14Si 