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Welcome

Friends,

On behalf of TMS and our five technical divisions, welcome to the gallery
showing of entries in the first TMS Technical Division Student Poster Contest.
The competition is divided into both undergraduate and graduate categories within
each division. This new event was created to engage our student members in a
creative competition to effectively convey their research, and to increase
interaction between students and professional members. This directory and the
posters on display are arranged alphabetically by division and then by category.

Prizes are awarded as follows:

Electronic, Magnetic & Photonic Materials Division
Graduate Student - $500
Undergraduate Student - $500

Extraction & Processing Division
Graduate Student - $500
Undergraduate Student - $500

Light Metals Division
Graduate Student - $500
Undergraduate Student - $500

Materials Processing & Manufacturing Division

Graduate Student - $500

Undergraduate Student - $500

Structural Materials Division

Graduate Student - $500

Undergraduate Student - $500

Best of Show - $2,500

Two posters will be selected from among the 11 winners, and those student authors
will represent TMS at the Jr. EUROMAT conference this September in Lausanne,

Switzerland!

Thank you, and good luck to all our student authors!

eyandin - footr—

Alexander R. Scott
TMS Executive Director




Student Technical Division Poster Contest: EMPMD - Graduate Level

(1) Three-Dimensional (3D) MicrostructureVisualization of Sn-Rich Pb-Free Solder Alloys Rajen S Sdhu'; MarthaA. Dudel; Nikhilesh Chawla,
tArizona State University

Graduate Student Division. The properties of Sn-rich soldersare controlled by their microstructure, which consists of an intermetallic phaseinaSn-
richmatrix. Thus, it isnecessary to accurately characterizeintermetallic size, distribution, morphology and orientation. Traditional methodsof quantita-
tive microstructure characterization involve the use of two-dimensional (2D) images. Such representations can severely oversimplify irregular micro-
structural features. A three-dimensional (3D) microstructure visualization technique utilizing serial sectioning was devel oped to reconstruct and visual-
izethe 3D microstructure of two intermetallicsin Sn-rich alloys: AgSnin Sn-3.5Ag, and LaSn ,in anovel Sn-rich La-containing solder. The 3D virtual
microstructure accurately represented the morphology, alignment and distribution of intermetallic particles. * Research sponsored by the National
Science Foundation and Semiconductor Research Corporation.

(2) Correlation of Mechanical and Microstructural Propertieswith Magnetic Propertiesfor FeCo/Ru M ultilayer s:Jinmei Dong®; Mrugesh
Desai; Subhadra Guptd; Venkateswara Inturiz; University of Alabama; 2Seagate Technology

Soft, high moment thin films of FeCo with various seed layers have been studied intensively for potential applications as polesin write heads. We
have sputter-deposited multilayers of Ru/FeCo, and measured stress, grain size, texture, magnetostriction, and other magnetic properties of themultilayers
asafunction of Ru seed layer thickness, FeCo thickness, number of |laminations and deposition conditions. Under optimized deposition conditions, Ru
filmshave compressive stressand FeCo films have tensile stress. It istherefore possible to tailor theindividual thicknessesto minimizethe overall stress
of thelaminated structure. Our calculated estimates of the total stress, based on stress coefficients derived frominitial data, agree very well with the
experimentally measured values. Wewill present results showing the correlation of mechanical and microstructural propertieswith magnetic properties.

(3) Dissolution of Copper from Substrate Surfacesinto L ead-Free Solder Joints: Ajay Gargt; Iver Andersonz; Joel Harringa Alfred Kracher?
Douglas Swensont; *Michigan Technological University; 2AmesL aboratory

Although localized Cu dissolution isoften reported, this study isan effort to quantify the changein bulk joint matrix composition that resultsfrom
common Pb-free soldering practice, i.e., joining of Cu substrates by Sn-Ag-Cu (SAC) solder during simulated surface mount conditions. Four different
SAC solder aloys(inwt.%): Sn-3.0Ag-0.5Cu, Sn-3.7Ag-0.9Cu, Sn-3.9Ag-0.6Cu, and Sn-4.0Ag-0.5Cu, wereinvestigated, with Sn-3.5Ag asabasdline.
A protocol for quantitative analysisof thiscomplex microstructural region was established by comparing el ectron microprobe measurementsin spot and
broad beam modes and as-polished and lightly etched specimens. The average Cu content of the joint was found to be significantly higher than that of
each solder alloy. Thus, initial contact of molten solder with the substrate appears effective for dissol ution of Cu, in spite of rapid formation of an
intermetallic phase asadiffusion barrier at each solder/substrate interface.

(4) Functionalized Singlewall Carbon Nanotubesfor Toxic Gasand Relative Humidity Detection: Harindra Vedala?; Ved Prakash Verma; Somenath
Roy* WonBong Choit; *Florida International University

Inthiswork surface modified carbon nanotubes are used for the carbon monoxide and rel ative humidity detection. Carbon monoxide, oninhalation
resultsin formation of carboxyhemoglobin in human body leading to fatality at high concentrations. The sensor device was fabricated by selectively
coating SWNTswith oxidethin filmsand polymer (Poly Vinyl Alcohol) by using e beam lithography and thin film deposition technique to enhancethe
sengitivity and selectivity of the sensor. The changein theelectrical conductance of SWNTswas used as sensor responseto CO at very low concentrations
(below 100 ppm range). Thissensor providesadual purpose of sensing CO and rel ative humidity along with the elimination of the effect of thelatter, a
major interferent, on CO response. The effect of temperature and film thicknessis examined. The sensing response mechanismisalso discussed.

(5) Electromigration Induced High Reactive Diffusion Path in Sn-In/Cu Joints: Shih-Kang AlbertLin Sinn-Wen Chen?; *National TSngHua
University

In-Sn aloys are promising lead-free soldersin low temperature soldering application. Cu is common used as under bump metallurgy (UBM) in
electronic packaging. Interfacial reaction occursat the In-Sn/Cujoints of electronic products during electric current stressing. Not only Joule heating but
also electromigration effect contributesto intermetallic compounds (IM Cs) growth. The poster exhibitsthe results of electromigration effect upon
interfacial reactionsin Sn-In/Cujoints. Sameintermetallic phase, n-Cu6(Sn,In)5-, formed at interfacewith or without el ectrifying. By the compositional
analyses, the sameintermetallic phaseformed at both el ectric directions. However, it issignificant morphol ogical differenceat interface stressed by up-
stream and down-stream of electric current. When el ectronsflew from In-Sn solder to Cu substrate, the reaction layer isflatter and similar to that without
electrifying. On the other hand, when electrons flew in reversed direction, the IMCs grew along solder grain boundaries.
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Student Technical Division Poster Contest: EMPMD - Undergraduate Level

(6) Study of Electrical Resistivity and Hardnessof Cu-Nb Cold Roll Bonded M ulti-L ayered Materials: Michael R. Henderson®, ViolaL. Acoff
WUniversity of Alabama

By utilizing cold roll bonding, copper and niobium foilswere bonded together to form multi-layers. These Cu-Nb multi-layers, which ranged in
thicknessfrom 68 pm to 865 um, exhibited interesting properties. The properties of the multi-layered structures are of interest becausethey are unique
compared to the properties of theindividual layers. The microhardness val ues and the resi stance val ues were determined for each sample and were
evaluated asafunction of number of layers. The measured resistance decreased asthe number of layersin the multi-layered structureincreased. The
measured values for resistance ranged from 52 O for the highest number of layersto 372 pO for the smallest number of layers. These measured
resistance valueswere compared to the cal cul ated resi stance values and the observed trend correl ated with the cal cul ated trend. The average microhardness
wasfound to increase with increasing number of layers.

(7) Imaging ChargeCarrier Transportin Singlelntrinsic Semiconductor Nanowires: Carrier Mobility and L ifetime: John P. RomankiewicZ; Yi
Gut; LincolnLauhon®; Northwestern University

By locally imaging the charge transport using the scanning photocurrent microscopy technique, we have directly measured the mobility-lifetime
product for both electrons and holesin intrinsic semiconductor nanowiresfor thefirst time. The effective electron-hole separation by theelectricfieldin
ohmic devices contributesto the enhanced carrier lifetime, and thisis confirmed by studying nanowire Schottky diodes, wherethe electric field distribu-
tion can be controlled by external bias. These studies represent the first and an important step towardsthe experimental test of the predicted superior
carrier mobility in 1-D nanomaterial s and the ultimate performance potential of semiconductor nanowire devices.

(8) A Review of Conducting Polymers:JacqueiineL. Milhans'; ‘Carnegie Mellon University

Conducting and semi-conducting polymers have become of significant interest in the past decade. Some advantagesto using electronic polymers
includetheir ability to provide lightweight, thinner, and cheaper electronics. Inthisreview, polyacetylenes, polythiophenes, and polypyrrolesare
explored, regarding synthesis, structure, conduction mechanisms, and properties. These polymers have been seen in applicationssuch asOLEDs, FETSs,
and rechargeabl e batteries. Conjugated polymersal so seem to have many future applications, some of whichinclude photovoltaic cells, electronic paper,
printable circuit boards, and sensors.

Student Technical Division Poster Contest: EPD - Graduate Level

(9) Aluminum Electrorefiningand Electrowinningin lonicLiquid Electrolytes: Mingming Zhang?; RamanaG. Reddy %; University of Alabama

Aluminum electrowinning/electrorefining inionic liquidswereinvestigated on both |aboratory and batch recircul ation scales. The cell performance
variables studied were the aluminum ion concentration and current efficiency asafunction of current density and processtime. The results showed the
current efficiency of 80%-90% can be achieved at temperature range of 80-120°C. Based on experimental results, amathematical modeling for predict-
ing current density distribution was devel oped by assuming steady state, binary electrolyte and constant properties. The model describesthe deposition
process by incorporating the masstransport of participating ionic species, homogeneous chemical reactions, and the associated el ectrochemical kinetics.
The modeling results showed the computed current densities are in good agreement with experimental data at applied cell voltagelessthan3.5V.
Optimum el ectrode distance was determined to be 1.0-1.5 cm under batch recircul ation experimental conditions.

(10) Char acterization of I nter calation and M elt-Related Phenomena of [001] Single-Crystal W Ballistic Penetrator s| nteracting with Steel
Targets: CarlosPizafat; |saac Anchondo?; AdityaPutrevut; Lawrence E. Murrt; ThomasL. Tamoria? H. C. Chen? Sheldon J. Cytron? University of
Texas, 2General Atomics

In-target residual [001] single-crystal tungsten penetrators have been characterized by light and el ectron microscopy in thisstudy. The post-impact
(velocitiesranging from ~1100m/sto ~1300m/s) residual penetrators examined reveal ed unambiguous evidence of target (steel) and penetrator (tung-
sten) intercal ation and/or aloying. Considerable mixing activity wasfound to concentrate specifically within the material being eroded by DRX-assisted
flow. The solid-state flow featuresincluding shear bands and other flow-induced phenomena seem to facilitate the mixing of the two. Peripherally along
thehead of the penetrator and usually adjacent to and/or as part of the shear band itself, large bands of Inconel-178 appear to influencethe solid-state flow
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of the penetrator ultimately affecting the penetration performance. Residual microstructures (dendrites) obtained on some areas within the penetrator
suggest localized melt zones dueto thermal instabilities caused by the turbulent behavior of flow in the high-pressure regime. Supported by theU.S.
Army TACOM-Picatinny Arsend.

(11) Electrochemical Studiesof thelnfluence of OreMineralogy on the Bioleaching of Complex Sulphide Ores: Peter A. Olubambi’; Herman
Potgieter?; Sehiselo Ndlovu; Joseph O. Borode?, 'University of the Witwatersrand, Johannesburg; 2Federal University of Technology, Akure, Nigeria

Theinfluence of ore mineralogy on the bioleaching of complex sul phide ore was studied using el ectrochemical methods. Bioleaching at pH of 1.6 and
stirring speed of 150 rpm wasinitially conducted using mixed cultures on mesophileswith special reference to zinc, copper and iron dissolution. Zinc
dissolutions were higher than copper, while the amount of Fe dissolved initially increased but reduced at longer bioleaching days. Potentiodynamic
technique was used to study dissol ution behaviour for 21 days using massive el ectrodes prepared from different mineral rich phases of the bulk ore.
Characteristics polarization curves showed that sphal erite rich phase had the highest dissol ution rate while very complex phase had the | east dissol ution.
Themorphol ogiesand structuresof bacterial attacked surfaceswere examined by the scanning el ectron microscopy.

Student Technical Division Poster Contest: LMD - Graduate Level

(12) Numerical Modelling of Defor mation Phenomenain Magnesium Alloys: JulieLevesgue®; Kaan Inal 1; Kenneth W. Nealet, University of
Sherbrooke

Inthis paper, anew constitutive framework based on arate-dependent crystal plasticity theory is presented to simulate large strain deformation
phenomenain HCP metals. In thisnew model the principal deformation mechanismsconsidered are crystallographic slip and deformation twinning. The
new framework isincorporated intoin-housefinite element (FE) codes. Simulationsof uniaxial tension and compression for the magnesium aloy AM30
are performed and results are compared with experimental observationsat different temperatures. Limitations of the current modelling approachesare
also discussed.

(13) ModelingM ethodsfor Managing Raw M aterial Compositional Uncertainty in Alloy Production: Gabrielle Gaustad'; *Massachusetts
Instituteof Technology

Operational uncertainties createinefficienciesin metal alloy production. Onethat greatly influencesremelter batch optimizationisvariationinraw
material composition, particularly for secondary materials. Currently, to accommodate compositiona variation, firmscommonly set production targets
well inside of thewindow of compositional specification required for performance reasons. Window narrowing, while effective, does not make use of
statistical sampling data, |eading to sub-optimal usage of secondary materials. This paper exploresthe use of achance constrained optimization method,
which allows explicit consideration of statistical information on composition. The framework and a case study of cast and wrought production with
available scrap materials are presented. Results show that it is possible to increase scrap consumption without compromising thelikelihood of batch
errors, when using thismethod compared to conventional window narrowing.

(14) TiN Coatingfor Metallic Bipolar Platesof Direct M ethanol Fuel Cell(DM FC): Biswa R. Padhy?; RamanaG. Reddy ; University of Alabama

Direct methanol fuel cell (DMFC) isapromising technology to perform, asaportable energy source for commercial, automobile and military
applications. Bipolar plateisanimportant component of DMFC, which hasintricateflow field design machined on it and carries 80-85 % weight of the
wholestack. Emphasizing more onissueslikeweight, fabrication cost and availability, thiswas concluded that metal S/alloys are probabl e candidate for
thebipolar plate and Al-6061 was sel ected asamaterial for bipolar plate. Long term stability test was carried out and MEA was characterized by EDS,
and XPS. Theauminum from the end plateswere leached and 23 % by weight fraction of MEA surface wasfound asauminum. To avoid the dissolution
of Al-6061 end plates, it was coated with TiN using spray technique and performance of DMFCwith TiN coated Al-6061 bipolar platewasinvestigated.

(15) Nanostructureof High-Temper atur ePr ecipitation-Strengthened Al-Sc Alloyswith Ternary Additions(Ti,Gd or Yb): MarshaE. VanDalen?,
David C. Dunand'; David N. Seidmant; Northwestern University

Ternary additions can improve the properties of dilute Al-Sc alloysthat contain nanometer size, coherent Al Sc precipitates (L 1, structure). Ti
additions are added to increase the coarsening resistance of the precipitates. Rare earth (RE) elements (Gd or Y b) are found to substitute for Scforming
Aly(Sc, RE)) precipitates. RE additions|ead to an increased number density of the L 1, precipitatesresultingin anincreasein hardness by afactor of
three over binary Al-Sc alloys. Transmission el ectron microscopy and atom-probetomography are utilized to analyze the chemical composition and
coarsening kinetics of the precipitates. Segregation at the heterophaseinterface betweena-AlandAl (&, X)) isexamined (X =Ti, Gdor Yb).
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Student Technical Division Poster Contest: LMD - Undergraduate Level

(16) Metallurgical and Acoustical Char acterization of an Aluminum Alloy (6061) Caribbean Pan: Marialsabel Lopez®; Sara M. Gaytan®, Univer-
Sty of Texas

In this study an aluminum pan was produced and compared with a standard steel Caribbean pan. The pan was produced by cold rolling and heat
treating 6061-Al. Microhardnesstesting, transmission el ectron microscopy and acoustic readingswere performed to analyzeits effectiveness. Chromatic
toneswere observed for most rim notes, but the highest octave range notes at the pan bottom were not tuned. Microstructural characterization through
optical metallography, hardness testing, and transmission el ectron microscopy reveal the aluminum pan was not fully tuned since ahigh dislocation
density and related hardness required to stabilize notes to achieve chromati ¢ tuning was not observed.

(17) Characterization of Aluminum Boron Copper Compositesfor AerospaceApplications: RuthG.l. Hidalgo?; SandraPedraza®; tUniversity of
Puerto Rico

The objective of thework wasto analyze and characterize Al-B and Al-B-Cu composites, which have been proposed as alternative material for
aerospace applications. These materialswere prepared by casting Al 5% B alloyswith copper between 0 and 5 wt%, which wererapidly solidified. The
purposewasto characterizethe distribution of the AlB reinforcing particles embedded in the al uminum matrix without and with theinfluence of copper,
at themicroscale. The characterization techni ques used i ncluded atomic force microscopy (AFM), scanning el ectron and optical microscopy, and Vickers
microhardness. To enhancethetopography for AFM imaging, al sampleswere microetched. The 3-D imagesallowed identifying AIB particlesand grain
boundaries aswell as Cu-containing phases. Also, thelocation of the matrix grain boundarieswith respect to the diboride was observed. This helped
characterize surface topography and determine the size and shape of reinforcements on the composite surface.

(18) TheEffect of Manganese Oxideand Iron OxideM old Flux Phase of Slag Disc Chemistry in Continuous Casting: Jui-Hung (Harry) Chien?;
Wanlin Wang}; ‘Carnegie Mellon University

The study of the effect of the different mold flux solidification on radiative heat transfer has not been conducted widely, although it has been used to
moderate the heat transfer ratein continuous casting. To simulatethe radiative heat transfer phenomenain continuous casting, aninfrared radiation
emitter wasdevel oped to allow heat fluxesof about 1 MW/m2 to be applied to acopper mold covered with solid slag disc. Themold flux disc was made
by different compositionsof either manganese oxide or iron oxide. Theresponse from thein-mold thermocoupl esindicated that the effect of having alow
concentration of manganese oxide or iron oxide mold flux increase the heat transfer rate and then asthe thickness of these mold flux increases, the heat
transfer rate also increases. Thisdemonstrates asignificant potential of using these mold flux to control the heat transfer rate during continuous casting.

Student Technical Division Poster Contest: MPMD - Graduate Level

(19) A Resear ch Study on theProduction of Advanced High Strength Steels(UL SAB-VAC), Applied in Auto Structural Partsfor theOptimiza-
tion of Auto Fuel Perfor mance : Shahrokh Pourmostadam?; 1M obarakeh Steel Company

With regard to theachievement of thelatest global Technol ogiesfor the optimization of energy consumption performancein Autos. Itisworthquoting
that Auto makersand steel producersof theworld haveinitiated their efforts on the production of advanced high strength steelsin low thicknesseswith
suitableformability. Thetrial production of AHSS steelsfocusing on thefollowing objectives: 1) reduce Auto body weight up to 36%, 2) utilizethe latest
technologies, 3) achieve satisfactory performance of the Auto body during accidents, 4) decreasefuel consumption, 5) prevent environmental pollution.
Thetrial production of AHSS based on B53-3316 standard applied on Peugeaut and Citroen cars. Inthisstudy, effortsare madeto present the chemical
analysisand Mechanical propertiesof thecoilsproduced inthetrial running in addition to the characteristics of AHSSin relation to the optimization of
strength, the effective thickness reduction of car weight and fuel consumption reduction.

(20) High-Temperature Tensiometry: AlaMoradian?; Javad M ostaghimi; *University of Toronto

Modern technol ogy rests on the science of measurement, and the more advanced atechnology becomesthe morecritical arethe demandswhich are
placed on the accuracy of measurements. Metal manufacturing and fabrication industries areincreasingly using mathematical based modelsto obtaina
better understanding of the processes. These modelsrely on the accuracy of the physico-chemical properties. Surface tension of high melting point
materials was studied by the new experimental/numerical procedure presented. Samples were melted by using arf-1CP plasmatorch. The method was
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based on the dynamics of the melting; and the cal cul ations were based on matching the theoretical and numerical dynamics on the experimental
observations. The comparisonswere performed by the means of image analysisa gorithms.|n addition to the qualitative agreement in thedynamicsof the
phenomenon, the quantitative valuesare close to the expected val ues repeated from different methods.

(21) Energy Savingsin Forgingand Heat Treatment of an Aluminum Alloy Subjected to Sever e Plastic Defor mation : BalakrishnaCherukuri®;
Raghavan Srinivasant; Prabir Kanti Chaudhury?;, Wright State University; 2Orbital Sciences Corporation

Aluminum alloy AA6061 was SPD (Severe Plastic Deformation) processed by Equal Channel Angular Pressing (ECAP) to study the effect of accumu-
lated strain on the hot workability and heat-treatment response of thealloy. In this study, O and W tempered AA 6061 sampleswere subjected to severe
plastic deformation at room temperature by ECAP (Route BC), producing 50 mm and 100 mm square billets. Hot workability of O tempered material was
determined by forging industrial partsat varioustemperatures. Heat trestment studieswere carried out on as pressed W tempered material . Results show
that both the forging temperature of the billets and the starting billet size can be substantially decreased compared to conventional forging practice. Peak
hardnesswas obtained at shorter heat treatment times compared to that of the conventional material. Forging at lower temperatures, decreased material
usage, and heat treatment at shorter timesindicate that significant energy savingsare possible.

(22) A Study of GasAtomized Powder and Melt Spun Ribbon for Improved MRE,Fe, B: Peter K. Sokolowski*; |. EAndersonz W. Tangf; Y. WL,
K. Dennig?; M. Kramer?; R. McCdlumz;, Jowa State University; 2AmesL aboratory

Rapid solidification of novel mixed rare earth-iron-boron (MRE,Fe B) alloysviahigh pressure gasatomization (HPGA) can promote similar mag-
netic propertiesand microstructuresasclosely related alloys produced by melt spinning at low wheel speeds. The primary differencesin solidification
microstructure arerelated to distinctionsin heat transfer mechanisms and directionality. By producing HPGA powderswith the desirable qualities of
melt spun ribbon, the need for crushing ribbon iseliminated. The spherical geometry of HPGA powdersismoreidea for processing of bonded permanent
magnets since higher [oading fractions can be utilized during compression and injection molding. Anincreased volumeloading of spherical PM powder
canyield ahigher maximum energy product (BH, ) for magnetsto be usedin high performanceapplications. Support from DOE-EERE-FCVT through
AmesLab contract W-7405-ENG-82.

(23) Interfacial Phenomenain Carbon NanotubeReinforced Aluminum Composite Structur e Fabricated by Plasma Spray For ming: Tapas
Laha% Arvind Agarwal?; *Florida International University

Successful fabrication of free standing Al based nanocomposite structure by plasmaspray forming has been demonstrated in this present study, where
hypereutectic Al-21wt%Si alloy has been reinforced with multiwalled carbon nanotube. Homogenous di stribution of physically intact and undamaged
carbon nanotubes has been observed in the plasmaspray formed nanocomposite structure. Theinterfacial aspectsand wettability of Al-Si aloy and CNT
has been emphasized asinterfacial structure dominatestheload transfer from the matrix to the higher strength CNT reinforcement. The effect of silicon
asalloying element on wettability of aluminum alloy on CNT has been studied with thermodynamic considerations. An ultrathin continuoussilicon
carbidelayer formation on CNT surface suggestsincreased wettability of molten hypereutectic Al-Si alloy on CNT. TEM investigationsvalidatethe
formation of very thin product layer (2-5 nm) at theinterface of CNT and Al-Si matrix.

(24) Effect of Carrier Gason Microstructure, Corrosion and M echanical Propertiesof Cold Sprayed 1100 Aluminum Coatings: SrinivasaR.
Bakshit; Kantesh Balanit; TapasLaha!; *Floridalnternational University

Two different coatings of 1100 Aluminum were deposited onto similar substrate, using 100 vol.% He and mixture of He-20 vol.% N, ascarrier gases.
TEM investigation revealed ashock wave structure with restrained flow lines and dislocation piling in He processed coating and sub-grain formationin
He-N, processed coating which isresponsiblefor higher hardness of He processed coating. Elastic modulus of the coating/substrate system wasfound to
be same and equal to that of Al 1100 (69 GPa). The Mode 1 fracture toughness of the coating/substrate system was found to be morein case of He-N,
processed coating (6.5 MPa.m®?) than the He processed coating (4.2 MPa.m?2). SEM of the delaminated surface shows higher degree of brittlefailure of
theinterfacein the He processed coating than the He-N,, processed coating.

(25) Solidification Microstructureswith Solidification Ratesand Ther mal Gradientsin SingleCrystal Superalloys, CM SX-4and CM SX-10:
G.S. Choit; Jehyun Lee!; SH. Kim%, SM. Ser?; D.H. Kim?; C.Y. Jo?; Changwon National University; 2Korealnstitute of Machinary and Materials

Directional solidifications have been studied at various thermal gradients, 13 ~ 23°C/mm and solidification rates, 1~100 pm/sin CMSX-4 and 10
singlecrystal superalloys. In thisexperiment, high thermal gradient could be obtained by applying theliquid metal, such as Ga-In, asacooling mediain
directional solidification apparatus, and also by adjusting the cold chamber in the Bridgman system. Higher thermal gradient contributed to reduce
dendrite arm spacing effectively, which resultsin reducing the size of eutectic, aswell ashigher solidification rate. The primary and secondary dendrite
spacingsof single crystal superalloy were compared the other superalloys. Thelength of the mushy zone decreased with increasing thermal gradientsand
increased with increasing solidification rates. Solidification fraction and segregation were al so analyzed between dendrites.

(26) Solidification Microstructureand PhaseTransfor mation Temper atureAnalysisintheNi-baseSuperalloy 738L C : SS Gang?; JehyunLeet,
Y .H. Kim%; JS. Leet; C.Y. Joz; U. Paik3; 1Changwon National University; Korea Institute of Machinary and Materials; ®Hanyang University

This paper belongsto the material s processing and manufacturing division(MPMD)and graduate student contest. Solidification microstructure and
solidification behavior were studied by directional solidificationintheIn738LC. Directiona solidification experimentswere carried out at solidification
rates of 1-100 um/sand under thermal gradients of 100-200°C/cm. The solid/liquid interface changed form planar to dendritic, and also the dendrite
spacing decreased and dendritelength increased with increasing solidification rate. The carbide morphol ogy a so changed from blocky, script, to spotty
shapeasincreasing solidification rate. The phase transformation temperatures, such as, the solidification starting temperature, carbide formation tem-
perature, and eutectic temperature, were estimated by comparing DTA and solid/liquid interface morphology.

(27) Study on TheL oad-Deflection Char acteristicsof Diaphragm Springs: Yusuke Sawaguchi?, ‘DoshishaUniversity

In diaphragm springs manufacturing, setting isapplied to improve the endurance limit while setting changes the | oad-deflection curve of the spring.
The purpose of thisstudy isto reveal the reasonswhy the load-deflection curve changes dueto setting. Strainsin the tangential direction of the springand
their variation were measured during setting for sample diaphragm springs. The stress distribution in the same direction was calculated by FEM. The
following conclusionswere obtained. 1. Theresidual stressin the tangential directioniswidely and unequally distributed over the spring after setting.
Theload-deflection characteristics change dueto theresidual stress. 2. Anti-plane deformation occurs at the bottom of thelevers during setting. Conse-
quently alarge compressive stressin thetangential direction occurs. Therefore, the excessive setting improves endurance of the diaphragm spring aswell
as shot peening.
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(28) ImprovingtheHigh TemperatureWear Characteristicsof Industrial Tools, Diesand Processing Equipment Using Functionally Graded
Refractory M etals: Sudip Bhattacharya?; Jerrod A. Roalstad!; South Dakota School of Minesand Technology

Thegoal of thisinvestigation isto improve the high temperature wear and corrosion characteristics of currently used H13 industrial tool and die
surfaces by depositing functionally graded layers of metalsin order of increasing melting temperatures. The depositionsweredoneusing a3 kW Nd:
YAG laser. Themetal s considered for deposition are Nickel, Chromium, Molybdenum, Niobium, Vanadium, Tungsten and Tantalum based on the desired
propertiesand extent of solid solubility. Initially the binary pair combinations of Fe(H13)/Cr, Fe(4340 & H13)/Ni, Fe(H13)/V, Cr/Mo, Cr/Nb, Cr/V, Cr/
Mo, Nb/Ta, Nb/V, Nb/W, Ni/Cr, Mo/Ta, Mo/W,V/Tawere sel ected for investigation. Except Fe (4340)/Ni, Cr/Mo and Mo/W other pairs exhibited good
bonding. Based on the results of the binary pairsthe functionally graded layers of Ni/Cr, Cr/Nb, Nb/Ta (or W) is being investigated. The possible
functionally graded set of metal sto be considered for deposition are Fe/Cr/ Nb/W (or Ta) or Fe/Cr/V/W (or Ta).

(29) Thermal Stability of Refractory AlloysDeposited on H13 by L aser Powder Deposition: Jerrod A. Roa stadt; Sudip Bhattacharyat, ‘South
Dakota School of Minesand Technology

Thegoal of thisongoing investigation isto improvethewear characteristics of industrial toolsand dies by laser depositing refractory materialslike
cemented tungsten carbides and super alloys onto their working surfaces. Thealloys NiTun60, Co-WC, CCW+, AeroMet, and DM 21 were deposited
onto H13 surfaces and actual toolsand diesusing a3-KW Nd: YAG laser. Samples of these depositions have been tested for thermal stability, wear
resistance, and other mechanical properties. Computational softwares, ThermoCalc and DICTRA, were used to model thesetestsand the progression of
phasesformed during thetests. The simulated results were then compared with the actual test results. Toolswith these laser deposited surfaceswererun
inanactual production setting. All alloys except DM 21 showed asignificant improvement over typical H13tool life.

(30) Evaluation of Optical and ElectronicPropertiesin NanocrystallineCerium OxideUsing UV —Vis Spectr oscopy: SatyanarayanaKuchibhatlat,
Ajay Karakoti'; Ranjith Tanneru'; SudiptaSedl!; *University of Central Florida

There hasbeen an increasing interest in using nanocrystalline cerium oxidein optical, electronic and biological applications. The non stoichiometry,
mixed valence states, size and morphology arethekey factorsthat control various properties. Current work isan effort to usethe UV-V 1 S spectroscopy
and High Resol ution Transmission Electron Microscopy to correl ate the size dependent physico-chemical propertiesof nanocrystalline cerium oxide.
Transmission spectraobtained asafunction of time, concentration and the solvent are used to eval uate the nucl eation and agglomeration behavior.
Results from the nanocrystalline ceriathrough wet chemical synthesisusing DI water, ethylene glycol and Poly (ethyleneglycol) in various concentra-
tionswill be discussed. An effort shall be madeto explain the variation in the band gap as afunction of time, which in turn can lead to an understanding
of nucleation, growth and agglomeration kinetics.

Student Technical Division Poster Contest: MPMD - Undergraduate Level

(31) TeachingModulesDevelopment at Rensselaer Polytechnic | nstitute: AfinaLupulescu?; Martin Eden Glicksman?; Elvin Eng; 'Rensselaer
Polytechniclnstitute

By selectively integrating our research interests and teaching methods we devel oped a series of |ecture modules covering the basics of 1) solid-state
diffusion, 2) kinetics of materials processes, 3) solidification and crystal growth. Theseinclude 24 teaching modul es based on the textbook, Diffusionin
Solids: Field Theory, Solid-State Principlesand Applications, and 26 |ecture modul es supporting afirst course in undergraduate kinetics of materials
processes, which are coordinated with the textbook, Physical Foundations of Materials Science2. Anadditional 25 modulesare scheduled for releasein
Spring 2006, which focus on advanced topicsin solidification, melting, and crystal growth. The authorsare grateful for support provided under grant
NSF-DMR 0303813. *M.E. Glicksman, Diffusionin Solids: Field Theory, Solid-State Principlesand Applications, John Wiley & Sons, New Y ork
(2000). 2G. Gottstein, Physical Foundations of Materials Science, Springer, Berlin (2004).

(32) Preparation of LAST Thermoelectric Powdersby Planetary Ball Milling: Adam L. Pilchak?; Fel Rent; Eldon D. Case!; Michigan State
Universi

ThertheI ectric materialsare often cast asingots, however, theingots often have large grain sizesand consequently low mechanical strength. Crushing
and milling the cast ingots can produce fine powders which can be sintered to prepare thermoel ectric materialswith fine grain sizes. Small grain sizesnot
only improve mechanical strength, but can alsolower thermal conductivity by increasing phonon scattering mechanismsat grain boundaries. A reduction
inthermal conductivity can increase the thermoel ectric figure of merit, ZT. Inthisstudy, L ead-Antimony-Silver-Tellurium (LAST) powders are prepared
by planetary ball milling. The effect of milling time and grinding media on the particle size distributionsis presented. Furthermore, apre-milling
treatment isused to increase the efficiency of the planetary mill.

(33) Determination of the Optimum Temper atureand Strain for Open-DieForgingsof Ti-6Al-4V EL| at Beta-Phase Temper atur es: RobertJ.
Weiss;; 1The Boeing Company

Forging of titanium in the beta-phase region hasthe potential to reduce the process complexity of alpha-betaforged titanium by offering fewer steps
and closer net-shape configurations. Thisstudy attemptsto optimize the temperature (1000°C - 1300°C) and total strain (25% - 75%) processing window
for Ti-6Al-4V ELI beta-forgings. Vickers microhardness and microstructureswere collected along with datafor strain rate, transfer time, and pressload
to characterize the process. Response surface and prediction techniques quantified variation in hardness according to the process combinations, reveal -
ing anincreasing trend in strength for increasesin both temperature and strain. Themodel shows consistency in hardness near the beta-transusfor all the
levelsof strain studied. Oneinaccuracy encountered wasthe inability of small forgingsto model large scale material deformations; most notably, large
amounts of Widmanstatten structure, possibly ascribed to greater cooling rates than those found in current titanium processes.
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(34) MicrostructureEffectson Tin Whisker Growth : JonathanP.Wintersteint; M. Grant Norton?; *Washington StateUniversity

Tinwhiskers present asignificant reliability issuefor tin-plated microelectronics. Tin whisker growth on electroplated films on 99.9% pure copper
substrates was studied using SEM. Films approximately 1 pm thick were plated at different current densities and temperatures. The effects on whisker
growth of electroplating process parameters and post-deposition heat treatmentswererelated to microstructural features of thefilms. Resultsindicate
film porosity may limit whisker growth. Samplesplated at lower current density showed lessporosity and whiskerswere observed 12 days after deposi-
tion while samplesplated at higher current density were more porous and some samples plated at higher current density showed no whisker growth 33
daysafter deposition. Also, initial whisker growth rates of approximately 0.082 nm/swere determined. Understanding microstructural effectson whisker
growth will provideinsight into possible nucleation and growth mechanisms and may lead to approachesto prevent whisker formation.

(35) Evaluation of Nanocrystalline Powder Assisted Spot Welding of Aluminum: Diana Chan?; SdinaBrownridge?; Y uranan Hanlumyuang; Jui-
Hung Chien®; ‘Carnegie Mellon University

The use of nanocrystalline aluminum powdersto improve the spot wel dability of smooth and mechanically surface textured aluminum sheetsis
evaluated. These nanocrystalline powders are capabl e of releasing energy well below the melting temperature of aluminum and therefore could be
capable of reducing the energy required in spot welding aluminum. Textured al uminum sheets were chosen to entrap these powders during forming and
welding. Powderswere applied to both textured and smooth al uminum sheets, which were then spot welded at different currentsto evaluate weldability.
Smooth aluminum sheets without powders served as the control. M easurements of |ap shear strength and weld nugget diameter indicated that the
powders assisted in producing acceptable welds at lower currents than those needed to produce acceptable weldsin the same sheets without powders.
Thisdemonstrates significant potential for using these powdersto reduce the energy required to spot weld aluminum.

(36) TheFeasibility of High Grade X100 Steelsin Northern Gas Pipelines: Jennifer Cutting, The University of British Columbia

Thereisan increased need for oil and gas production from northern Canadaand Alaska. The possibility of constructing northern gas pipelinesfrom
X80, X90, and X100 steel wasinvestigated. Using higher grade steel s decreases overall construction costs and materia volume and increases gastransfer
rates. The design, performance, and production feasibility of high grade pipeline steel was examined. Possible hot rolling schedul eswere proposed using
acomputer simulation and arun-out table model was constructed to determine required cooling rates. Thermomechanical rolling and cooling lab
simulationswere performed. Relevant properties of the steel test specimen wererecorded. Weld simulations and testswere also done. Up to X100 grade
steel appeared technically suitablein termsof performance. The examined north american steel manufacturing facilities did not appear to be currently
capable of achieving the cooling rates suggested by this study.

Student Technical Division Poster Contest: SMD - Graduate Level

(37) TheEffectsof Hf Addition ontheGlass-FormingAbility and M echanical Propertiesof Cu-Based Bulk-M etallic Glasses: Dongchun Qiao?,
Peter Liawt; tUniversity of Tennessee

Theglass-forming ability and mechanical properties have been investigated in Cu47.5Zr47.5-xHfxAI5 (x =0, 9.5, 19, 28.5, 38, and 47.5). Theglass-
transition temperature (Tg), crystallization temperature (Tx), melting temperature (Tm), and liquidustemperature (T1) were measured by thedifferential-
scanning calorimetry (DSC) and differential-thermal analyzer (DTA). The structure was detected by X-ray diffraction (XRD). CuZr precipitated with the
increasing of Hf content from 9.5 % to 28.5 % and disappeared when Hf content reached to 38%. The material s under compression tests show some
plasticity dueto the precipitation of the CuZr phase, compared with the BM G without the Hf addition.

(38) Corrosion-Fatigue Study of Hastelloy® C-2000®: Structural MaterialsDivision, Graduate Student Submission: Rganah V. Seward?,
Raymond A. Buchanant; Peter K. Liaw? 'University of Tennessee

Hastelloy® C-2000® Alloy isacommercially designed superalloy manufactured to function in both reducing and oxidizing solutions. Itsindustrial
applications have tremendous potential sin automotive, structural, aviation, and storage components. The objective of thisstudy isto thoroughly examine
the fracture morphol ogy of C-2000® and understand the damage evolution from theincipient crack-initiation to final fracture after the subjection to
mechanical stressesin air and 3.5 weight percent (wt. %) NaCl. Experimental measured parameterswill be used in alifetime-prediction model to
simulatefailure. Electrochemical testswere employed to determine el ectrochemical parameters, and el ectron microscopy and in-situ macro-visualization
were used to observe and monitor crack initiation and propagation behavior of C-2000®. Crack initiation originated from the subsurfacewithinthegrain
structure and traversed the grainsto the final fracture. Thelife spent in crack initiation was drastically reduced under maximum stress conditions and
decreasing frequenciesin 3.5wt. % NaCl.

(39) SeverePlastic Deformation Induced Fe-W Alloy Composite For mation by M echanical Mixingof Feand W : Aditya Putrevu®;, C. Pizafiat,
Lawrence E. Murrt; 1. A. Anchondo?; T. L. Tamorie?; H. C. Chen? S. J. Cytron3; tUniversity of Texas; 2General Atomics; 3U.S.Army TACOM-ARDEC

Optical metallography and SEM in combination with microhardness maps have been used to el ucidate the dynamic recrystallization (DRX)-facili-
tated flow and interaction of steel targetswith penetrating, un-clad [001] single-crystal W long rodsimpacting at initial velocity of 1.3km/s. Theultra-
fine DRX regime composing adiabatic shear zonesin both the penetrator and target allows for mechanical mixing of the W and Fein complex flow
regimeswhich, intheextreme, meltinlocalized regionsat the projectile/target interface. The Fe-W interface, characteristic of complex flow regimes,
revealed avarying character. Therewas evidence of both localized melting and formation of an Fe-W solid solution, and associated dendritic nucleation
and growth and mechanical mixing of Feand W to form acomposite region, in thishigh- strain- rate, high- pressureregime. Supported by theU.S. Army
TACOM-Picatinny, Prime Contract No. W15QKN-04-M-0267, project No. IAACFIERIANG.
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(40) Kineticsof Secondaryy in Ni-basePM Super alloys: Heather Sharpe?, ‘Georgial nstituteof Technology, Rolls-Royce

Toincrease engine efficiency, gas turbine disks must withstand an increasingly demanding operating environment. More advanced aloysand in-
creased microstructural control arethekey to producing Ni-base powder metal lurgy diskscapableof higher temperature operation. Thisstudy focused on
themicrostructural aspects of the devel opment of these disk alloys, specifically the control of grain size and secondary y morphology. Threerepresenta-
tivePM Ni-basealloys, LSHR, RR1000, and Alloy10, have been subjected to aseries of controlled cooling ratesto establish the kinetics of secondaryy
formation. Quantification of morphological characteristics such asprecipitate size, orientation, and concavity wasdone by computational image analy-
ss

(41) ThePhysical Propertiesof Nylon-66/Ferrite Nano Hybrids: Sang Jin Lee!; Dong Wook Chaet; Ki Hyun Leet; Byoung Chul Kim?; *Hanyang
University

Ferrite nanoparticles (0.1~20 wt%) were incorporated into the nylon-66 by melt-compounding and their effect on the physical propertieswere
investigated. The presence of ferrite nanoparticle lessthan 1 wt% increased the crystallization temperature (Tc) by 4.2°Cwiththeloadinglevel, but after
thevaueit decreased Tc with theloading level. Theincorporation of ferrite nanoparticle up to 1 wt% had little effect on the dynamic viscosity (n’) but
after thevalueit increased then’ withtheloading level. In particular, the nanohybridswith ferrite more than 5 wt% exhibited notably shearing thickening
behavior in the low frequency and then shear thinning was followed showing that its degree increased with the loading level. Thetensile strength
increased alittlewith theloading level of ferrite up to 1 wt% but after the valueit decreased with increasing theloading level.

(42) Effectsof Silver Nanoparticleon Rheological and Other Physical Propertiesof Syndiotactic Polypropylene: Seung Han Park?; Dong\Wook
Chae’; Byoung Chul Kim?; Divisionof Applied Chemical Engineering

The Syndiotactic-polypropylene (sPP)/siIver nanocompositeswere prepared by melt compounding. The effects of introducing silver nanoparticleon
therheological and other physical properties of syndiotactic PP wereinvestigated. The silver nanoparticleswerewell dispersed in the sPP matrix. sPP
containing 5 wt% silver nanoparticle presented higher crystallization temperature (Tc) and heat of crystallization ( AHc) than puresPPby 12.3°Cand 4.1
Jg, respectively. DSC melting endotherms exhibited double melting phenomenain the vicinity of 121 and 129°C when crystallized at 90°C under shear.
Onthe contrary, the samplescrystallized at 100°C under shear gave asingle melting peak at about 126°C. The modul us of the sPP compositesincreased
alittlewith increasing theloading level of silver nanoparticle. Elongation to break increased up to loading level of 0.1 wt%, after which it decreased with
increasing the loading level.

(43) Physical PropertiesZnO Nanoparticle-Filled Polyacrylonitrile: In Kyu Song?; Dong Wook Chae?; Byoung Chul Kim?; Divisionof Applied
Chemical Engineering

PAN/ZnO nanocompositeswere prepared by asolution mixing in dimethylacetamide (DM Ac) as aco-solvent and then film casting. PAN solutions
with ZnO nanoparticles showed higher dynamic viscosity(n’) than the pure PAN solution. They showed maximum at theloading level of ZnO,1 wt%.
PAN solutionswith 5wt% ZnO showed greater degree of shear thinning than the others. The Cole-Coleplot of PAN solutionsdidn’t giveamaster curve
independent of ZnO concentration. TEM reveal ed that ZnO nanoparticles were homogeneously dispersed within the PAN matrix. The heating scan of
DSC displayed only asingle crystallization peak(Tc) without melting peak regardless of the presence of ZnO. Theintroduction of ZnO nanoparticles
decreased Tc by ca. 13°C, and increased the heat of crystallization by ca. 18% in comparison with pure PAN. Further, the nanoparticleimproved the
thermal stability of PAN greatly.

(44) Adiabatic Shear BandsAssociated with Plug Formation and Penetrationin Ti-6Al-4V Tar gets: Formation, Structure, and Per for mance:
Fabiola Martinez; ErikaV. Esquivel t; Maribel |. Lopezt; SaraM. Gaytan'; DianaA. Ramirez?; David A. Lopezt; AmandaRamirez?; PricillaA. Guerrero;
Carlos Pizanat; Issac Anchondo?; Larry E. Murr?; B. E. Schuster?; M. Fermen-Coker?, ‘University of Texas; 2U.S. Army Research Laboratory

A seriesof electron beam, cold hearth, singlemelt Ti-6AI-4V plates (nominally 2.5 cm thick) impacted by 2cm diameter, 4340 steel projectiles (with
54g nominal mass) at velocitiesranging from 0.633 to 1.027 km/swere sectioned along theimpact axis and examined by optical metallography, SEM,
and TEM to characterize the formation, growth, and microstructure of adiabatic shear bandswhich facilitate plug formation and projectile perforation by
dynamic recrystallization (DRX) within the shear bands; allowing for solid-state flow. Thelocalized DRX of the projectile and projectile-target interac-
tion phenomenawere also examined using elemental X-ray mapping of thetargetsand projectilesinthe SEM. Near ballistic limit velocities, the shear
bands propagate towardsthe rear of thetarget where they coal esce and grow to provide acylindrical (DRX) flow regimefor the plug volume (Supported
by ARL Prime Contract DATM 05-02-C-0046, Amendment 16).

(45) Effectsof Zinc OxideNanoparticleon Physical Propertiesof Poly Styrene: Ki HyunLee?; DongWook Chae?, Byoung Chul Kim?; Hanyang
University

Theeffects of ZnO nanoparticle onthe physical properties of PSwereinvestigated. TEM and FESEM showed that ZnO nanoparticle washomoge-
neously dispersed in the PS. Theintroduction of 5wt% ZnO increased dightly the glasstransition temperature by 2.38. TGA thermograms showed that
thethermal stability of PSwasenhanced withincreasing ZnO content. Neither shift nor sharpening of absorption band was detected by IR. ZnO had little
effect on the wide-angle X-ray diffraction pattern of PS. The transmittance of ultraviolet light was decreased with increasing ZnO content. PS/ZnO
nanohybrids exhibited asmall reduction in tensile strength and el ongation to break.A significant enhancement in tensile modulus was achieved when
5wt% of ZnO wasintroduced. Inthe FESEM images of thetensilefractured surface, localized plastic deformation was observed for PS, whilethesite
from which ZnO was pulled out was usual ly observed in the nanocomposite.

(46) TheRheological and Thermal Propertiesof PVA/DEG Nanocomposite : Seung Han Parkt, Myung Hwan Chang; Byoung Chul Kim?; !Divi-
sion of Applied Chemical Engineering

The effects of dimethylene glycol (DEG) onthe poly vinylalcohol (PVA) solutionsin dimethyl sulfoxide (DM SO) wereinvestigated in terms of
rheological, thermal and other physical properties. DEG imparted lubricating effectsto PV A, increasing flexibility dueto ether structure. The dynamic
viscosity (n") wasdecreased with increasing DEG content. The 12 wt% PV A/DEG sol utions showed alinear viscoel astic response. The PVA solutions
exhibited rel axation time independent of DEG content, when DEG content did not exceed 20 wt%. Above 20 wt% of DEG content, theA of 6wt% PVA
solutions was decreased in the high frequency range, at high frequency. In addition, then’ of all the solutionswasincreased with time. The thermal
propertiesof the PV A films containing DEG showed that the crystallization temperature, melting temperature and glasstransition temperature (Tg)
shifted to lower temperature with increasing DEG content.
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(47) Rheological and Other Physical Propertiesof PVA/PG Solution: InKyu Song?; Y ong Han Cho?; Byoung Chul Kim?; Divisionof Applied
Chemical Engineering

Therheological responsesof 6 and 12 wt% PV A solutionsin DM SO wereinvestigated at four loading levels of aplasticizer, propyleneglycol (10, 20,
30, 40 wt%to PVA). The dynamic viscosity of the PV A/PG solutionsisgenerally decreased with increasing PG content. The 12 wt% PV A solution
exhibited an abrupt drop of viscosity at 40 wt% PG. On the other hand, the 6 wt% PV A solution showed the abrupt decrease of viscosity from 30 wt% PG.
Losstangent of 12 wt% PV A solutionsin DM SO are alwayslessthan 1 over the entire frequency range examined irrespective of PG content. 6 wt% PVA
solutions containing PG more than 30 wt%, however, showed a phase transition above acritical frequency. Thethermal properties of the PG/PVA films
suggested that the peak on thetan d curve was decreased with increasing PG content.

(48) Crystallization and Amor phization Behavior of AI90Sm10Alloy Solidified Far from Equilibrium: Eren YunusKalay?; Scott L. Chumbley?,
Iver E. Anderson?; tAmesLaboratory/lowa State University

Thealloy AI90Sm10, amarginal glassformer, wasrapidly solidified using high pressure gas atomization and melt spinning processes. Theresultant
gasatomized microstructureswere examined as afunction of undercooling. Gas atomized particles having different sizes solidify at different cooling
rates, thereby providing alarge spectrum of undercooling conditions and subsequent solidification microstructuresto be explored. Therapidly solidified
ribbons are composed of fully amorphous phase. XRD and TEM studies have shown that three different metastable phases accompanied aglassy phase
during vitrification. The metastable phases are Al solid solution, tetragonal and orthorhombic Al4Sm. TEM studies of highly undercooled powders
showed nanometer sized (15nm) a-Al within an amorphous matrix. Subsequent devitrification behavior of the melt spun ribbonswas examined by high
temperature time-resolved synchrotron radiation, DSC and TEM. DSC showed three crystal li zation reactions during devitrification. The product phases
of thesereactionswereidentified in situ using time-resolved X-ray diffraction.

(49) NanocrystallineM etal Indentation: Novel I nsightsfrom Atomic Contact Simulation : VirginieDupont!; Frederic Sansoz?; ‘TheUniversity of
Vermont

The plastic behavior of nanocrystallinemetal filmsisstrongly correlated to the grain sizein nanoscal e contact. Despite common knowledgethat grain
refinement improves strength, high contact stresses have al so been shown to cause rapid growth of nano-sized grains. In thisposter, atomistic simulations
are presented to shed light on the complex rel ation between grain size and atomic contact in metallic thin films. Specifically, the quasi continuum theory
was used to investigate the cylindrical indentation of single crystal and 5Snm-grain sizefilmsin Al. The JKR contact model was also adapted to provide
insightsinto the adhesion and mechanical propertiesof thin films. The major findings of thisinvestigation are that nanocrystalline GB networks strongly
impact on theincipient film plasticity; the deformation modes are predominantly GB movement and shear banding mediated by interface sliding; and a
rel ation exists between GB structure, grain growth and evolution of shear stressgradients.

(50) TheDesign of aBiomimetic Self-Healing Alloy Composite: MichdeV. Manud %, Gregory B. Olson?; NorthwesternUniversity

The principal objective of thisresearch isto use computational design methods to design aself-healing alloy composite that can repair itself in
responseto structura damage. The self-healing compositeis composed of acontrolled-melting magnesium-based alloy matrix which isdesigned for high
specific strength and low healing temperatures. The matrix isreinforced by shape memory alloy (SMA) wiresthat provide crack-bridge toughening
during cracking of the composite. When the compositeis heated above the reversion temperature of the embedded SMA wires, aclampingforceis
applied by the SMA wiresto provide crack clamping and crack closure at ahealing temperature wherethe matrix aloy ispartially molten to provide crack
re-welding. Feasibility testing of Sn-Bi prototype composites have displayed a95% strength recovery. Current testing on magnesium-based composites
demonstrates crack closure and anincreasein toughness over theunreinforced alloy.

(51) Elastic-Plastic Shock WaveProfilesin Oriented Single Crystalsof Cyclotrimethylene Trinitramine (RDX); L A-UR-05-9437. KyleRamos
"Washington State University

Themolecular crystal cyclotrimethylenetrinitramine (RDX) isthe main energetic component of many munitions. The mechanical anisotropy of
plasticity of RDX has been suggested to control detonationin thismaterial. Plateimpact experimentswere performed on oriented single crystalsof RDX
onthe(111), (210), and (100) planesto access 3, 2, and 0 slip systems, respectively. Vel ocity history profileswere measured by Doppler interferometry
and utilized to determine the anisotropic dynamic yield point for RDX crystal and provide datafor continuum modeling efforts. Theresulting datafrom
these experiments show little plasticity differences between the (210) and (100) faces, but show littleresistanceto plasticity on the (111) face. Comple-
mentary experimentswith other organic single crystals, which aresimilar in structureto RDX, using indentation are al so presented to demonstrate the
ability to resolve disl ocation nucleation and multiplication events.

(52) GasBarrier Propertiesof Polymer Nanocomposite: Laxmi K. Sahu?; NandikaAnneD’ Souzat; ‘University of North Texas

Polymer nanocomposites based on dispersion of surfactant treated expandable smectite clays such asmontmorillonite layered silicates (ML S) have
shown promise as organi c-inorganic hybrids with the potential to improve barrier properties. Separately, flexible displays based on plastic substrates
have reduced lifetimestied to thelow barrier properties. While there has been ageneral attribution of improved barrier propertiesto thetortuous path, this
does not consider theinfluence of theintroduction of secondary filler on the morphology of the host polymer. In this paper we have taken two semi
crystalline polymers, nylon 6 and polyethylene terephthal ate (PET) and introduced ML Sinto the polymersto form nanocomposites. Permeability is
predicted taking into consideration the amorphous phase, crystalline phase and M LS content and compared with the experimental values.

(53) Effect of Layered DoubleHydroxide (L DH) on Flame Retardant Propertiesin Poly Vinyl Chloride: Laxmi K. Sahu?;NandikaAnneD’ Souza,
tUniversity of North Texas

Thethermal degradation of different types of layered double hydroxide (LDH) was studied by Thermo Gravimetric Analysis (TGA). Most common
type of LDH isbased on amagnesium aluminum hydroxide layer which is used asthe base material. ThisLDH incorporated with nickel metal which
leadsto partial replacement of magnesium by cationic exchange method which is proved to be the better material. The flame retardant and mechanical
propertiesof theresultant PV C-LDH composites are studied for the flame retardant polymer material applications.

(54) Heat Treatment of the Thermal Spray Objects: Yu-Chih Huang; Sinn-Wen Chen?; Shih-kang Albert Lin?; Chia-Hua Chang; Jen-Chin W2
National Tsing HuaUniversity; 2Chung-Shan I nstitute of Science and Technology

Spray coating isaunique engineering coating technology. Molten material s spray on substratesto improve surface properties of various substrates.
For instance, carbon steelsare coated with Al, Ti, and Zn for better corrosion protection. Sprayed objects sometimes are heat-treated to improve the
adhesion properties between the coated layer and substrate. Interfacial reactions of sprayed objectsduring heat treatment are examined in thisstudy. The
specimensinclude TS sample, Zn/steel, and diffusion couples, Zn/Fe-42wt%Ni and Sn-Zn/Fe-42wt%Ni. Alloy42 (Fe-42wt%Ni) iscommonly used in
the electronic industry. Sn-Zn alloys are promising |ead-free solders. Knowledge of interfacial reactions of Sn-Zn/Fe-42wt%Ni isvaluable for both
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thermal spray of Fe and Ni, and Sn-Zn soldering applications. Because the coating timeisvery short, for Zn/steel, very thin or no noticeabl e reaction
layers are observed in the as-coated samples. With prolonged heat treatment, &phase isfound.-phaseand I" 1’ -phaseareformed

Student Technical Division Poster Contest: SMD - Undergraduate Level

(55) Investigation of the Effect of Filler Metal on theMicrostructureand Microhardness of I nconel 600: Germanique M. Pickens; ViolalL.
Acofft; 1University of Alabama

Inconel 600 isanickel-based superalloy that has excellent corrosion and oxidation properties, especially at high temperaturesand al so maintainsits
mechanical strength at elevated temperatures. Inconel 600isoften used to make pressurevessels, aircraft engine parts, and chemical processing compo-
nents. In this study, Inconel 600 was subjected to gas tungsten arc welding both with and without (autogeneous) the use of filler metal. Therewasa
distinct differencein microstructures observed and the microhardness of the fusion zone for the autogenous welded samplewas dlightly lower than that
was observed for the sampled welded using afiller metal. The purpose of this study isto characterize the microstructure and microhardness of Inconel
600 welded with and without the use of thefiller metal.

(56) 3D Microscopy via Serial Sectioning of Shocked Tantalum: ThomasW. Slankard®; Daniel Worthington?; 1L osAlamosNational Laboratory

Materials characterization hastraditionally relied on two-dimensional (2D) representations of inherently three-dimensional (3D) information. 3D
information can be subsequently inferred from stereological principles. Whilethis may be sufficient in many cases, some materialsrequireacomplete
experimentally measured 3D dataset to fully capture thetrue structure. Inthiswork, the 3D microstructure of ashocked tantalum disk was obtained via
serial sectioning. Eighty sectionsof optical micrographswere captured at an average thicknessinterval of 2.4 microns. Subsequent computer reconstruc-
tion of the sections allowed insight into the void morphol ogy resulting from incipient spallation. In addition, spatially specific orientation datawas
collected every 5 sections using electron backscatter diffraction techniques. Future work will explore the void morphology of samples shocked under
different conditionsand determine any preferential damage nucleation siteswith respect to the grain structure.
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The Electronic, Magnetic & Photonic Materials Division (EMPMD) promotes technical
M exchange and assists in the professional development of its members through programming,
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The main purpose of the Extraction & Processing Division (EPD) is to provide a national and
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Ray D. Peterson, Chairperson E-mail: ray.peterson @aleris.com
In its broadest scope, the Materials Processing & Manufacturing Division (MPMD) covers
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manufacturing (e.g., applying concepts from the intelligent processing of materials to intelligent
design and manufacture), and basic and applied research into key materials technologies that MPM D
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