CONTENTS

Preface XV
1. ABINITIO MODELING OF ALLOY PHASE EQUILIBRIA
A. van de Walle, G. Ghosh, M. Asta
1. INtroduction .......cceiceicneiiseicseinsnensnecsecsecsessesssesssecssssssscsssesssssssees 1
2. First-principles calculations of thermodynamic properties:
OVEIVIEW...uueiiriiriisuinsnissuensnessessesssssssisssisssisssesssssssesssesssesssesssessssses 3
3. Thermodynamics of compositionally ordered solids..................... 4
4. Thermodynamics of compositionally disordered solids.............. 10
4.1 Cluster expansion formalisSm...........ccccevverervieninienenenieeniennen. 11
4.2 Determining ground-state StrUCIUIES ........c.cccvveevrerreerreerreenenn 15
4.3 Free energy calculations...........ceveereerierienreniennesieene e 17
4.4 Free energy of phases with dilute disorder..........c....cceeeueenn.ee. 19
5. Integration of ab initio and CALPHAD methods for
multicomponent alloy design.........ccccevcerieiscnnrioscsnerssscnenees 20
5.1 Overview of CALPHAD approach .......c..ccccceereeviininieneennene 21
5.2 Integrated ab initio and CALPHAD phase-stability
MOAEIING . ...oviiiiiiiiiie ettt 23
5.2.1 The AI-ND SYStEM ....eevvieriieeiireiieeeiee e e eree e 23
5.2.2 The AI-HE System.......ccceeeeiieeciiiiiiieciiecieeeee e 24
5.2.3 The HE-ND SYStem.....cccveeviiieiiieiiecieecieeeee e 25
5.2.4 The ternary Al-Hf-NDb system .........cccooevriveiienieennenne 25
5.3 Computational kinetics of the AI-Hf-Nb system: Oxygen
in bee $0lid SOIULION .....eviiiiiiiiieicce e 26
(ORI 6711 116 1) (17 1 28



vi

2.

USE OF COMPUTATIONAL THERMODYNAMICS TO
IDENTIFY POTENTIAL ALLOY COMPOSITIONS FOR
METALLIC GLASS FORMATION

Y.A. Chang
1. INtroduction.......cieeineiieiiecieinnicsnicsninseecssecsecssecssesssnessesssnsssesans 35
2. Phase diagram features favoring glass formation............ccceuere... 36
3. Examples using computational thermodynamics to identify
alloy compositions for glass formation...........cccoeveiicvivneiccsssnerenans 40
3.1 Addition of Ti to improve the glass forming ability (GFA)
of a known glass-forming Zr-Cu-Ni-Al alloy .......c..ccccceeneee. 40
3.2 Synthesis of precursor amorphous alloy thin-films of oxide
tunnel barriers used in magnetic tunnel junctions................... 44
T2 T 1) 1 16 1) (1) 1 .. 50

HOW DOES A CRYSTAL GROW? EXPERIMENTS,
MODELS, AND SIMULATIONS FROM THE NANO- TO

THE MICRO-SCALE REGIME

J.L. Rodriguez-Lopez, J. M. Montejano-Carrizales, M. José-Yacamdn

1. INtrodUCtion......icceeicceicsseiossnnissanissercssstossnssssassssserossssossassssssssssasose 56

2. Theory of atomic PacKing........cceeeeeeeuercscercssnssssanessnerne .59
3. Discussion of experimental results, simulations, and atomic

111170 L] L 61

3.1 The dodecahedral particle ...........ccccceereerienieniinieeieeieeeee, 61

3.2 Surface reconstructed decahedron...........c.ccccvevvverivenienieenennne. 65

3.3 The Montejano’s decahedron..........cccceeevvvevcieenciieecieenreeen. 69

3.3.1 The symmetric truncated icosahedron ......................... 70

3.3.2 The Decmon-like polyhedron ...........cccccevveeivienveennenn. 72

3.4 Star polyhedral gold nanocrystals ...........cccceveriiiinincnnennene. 76

T S G111 T6 L1 TC) 1) 1 ... 81

STRUCTURAL AND ELECTRONIC PROPERTIES FROM
FIRST-PRINCIPLES

X0 Wang

B T 110 Q0L ) TN 85

2. First-principles methods..........ccoeeeveicnveinsininisnnnsercssencssnnsssnnnsnes 86
2.1 Density functional theory .........ccccoeerienininiieniniiiencneeiee 87
2.2 Molecular dynamics with ab initio forces.........cccocvvevvrvvrnnrnns 89
2.3 Algorithm development and coding improvement.................. 89

2.4 WaVelet DASES...uuueeeeeeeiiieeettieeeeee et eeeeeeeaees 90



vii

2.4.1 Orthonormal wavelet bases for electronic structure

CalCulationS .....cccvvieeiiiiieee e 91

2.4.2 Methods based on scaling function expansions............ 91

2.4.3 Wavelets and finite difference ...........ccccccevveevireennnnne. 91

2.4.4 Methods based on wavelet expansions ..............c.eeve.. 92

RN 1] 1 L Tt 18 14) 1 E .93
3.1 Structure and dynamics of carbon fullerenes...........c.............. 93

3.2 Shell structures of metal Clusters.........ccccccvvevcieeecieerieeereennen. 95
3.2.1 Atomic ShellS .....ooooviieiiiiiiiieciie e 97

3.2.2 Charge transfer........cocceceevererieneneeeecneeeeeeeee 98

3.2.3 Electronic shells........cccceoeririiieninieienenieeceeee 98

3.3 Microfacets of metal surfaces .......c..ccoceevveeiiiiinncnnceneenenne 100

3.4 Nanotechnology: Nanowires.........ccccecveerrveerveercveescneesneeeennn 102

3.5 Shape memory alloys .......cccceeveviieviireniieeiieciie e 104

T S 601) 1 T 115 (1) 1L .. 106

5. SYNERGY BETWEEN MATERIAL, SURFACE SCIENCE
EXPERIMENTS AND SIMULATIONS
C. Creemers, S. Helfensteyn, J. Luyten, M. Schurmans

1. INtroduction.......eoeciecieicnecsncnsninsecnsecnsensessessessssssssssssssasesas 109
2. Thermodynamical basis.......ccccecerierceriesscerioscsnissscnnnees 111
2.1 Thermodynamics of alloy formation.............ccccceeevrrcireernnnen. 112

2.2 Thermodynamics of surface segregation..............ccceceereeneen. 116
2.2.1 Surface segregation in disordered alloys ................... 117

2.2.2 Surface segregation in ordered alloys...........cceeuene. 123

2.2.2.1 Stoichiometric ordered compounds............. 123

2.2.2.1.1 Effect of temperature on the
order in stoichiometric

ordered compounds..................... 123

2.2.2.1.2 Segregation in stoichiometric
ordered compounds .................... 125

2.2.2.2 Segregation in off-stoichiometric ordered

COMPOUNAS....ovieierieirieeiieeie e e e eiee e 127
3. Monte Carlo SIMUIAtions .....ccceeeeeeeeeeeeieeeeeeeeeeeceeeeeeesssssssssssssssnnnns 129
3.1 INtrodUCION .....cciiiiiiieiieeee e 129
3.2 Statistical MeChanICs .........ccccevevvviiiiiiiieecieeeeeeeeeee e 131
3.3 Monte Carlo simulations: The basicS......ccccccceeevivvvvrereeeeennn. 132
3.4 Monte Carlo simulations: Practical iSSUES ...........cccvvvvreeenn. 134
4. Beyond pair potentials.........ccccvveiiervrnnicnssniicsssniicsssnniessssnsiossanes 138
4.1 The Embedded Atom Method............ccoovvvvmiiiieiiiiiiiiiieeeennn. 139
4.2 The Modified Embedded Atom Method...............ccoovvunnnnneenn. 142

4.3 EVAlUALION ..ovvveiiiiiiieeeeeeeee et 147



viii

ST OF: T I] 11)T § U .. 147
5.1 Surface structure and segregation profile of the alloy
AU75Pd25(1 10) ........................................................................ 149
5.2 Cu segregation and ordering at the (110) surface of
Cll75Pd25 ................................................................................. 152
5.3 Face-related segregation reversal at PtsoNis, surfaces........... 155
5.4 Ptsegregation to the (111) surface of ordered PtgoFey......... 159
5.5 Sn-segregation behavior and ordering at the alloy
Pt75Sn25(111) ......................................................................... 161
LR G4 1 T6 LTS3 1) 1 .. 166

6. INTEGRATION OF FIRST-PRINCIPLES
CALCULATIONS, CALPHAD MODELING,
AND PHASE-FIELD SIMULATIONS
Z.-K. Liu and L.-Q. Chen

1. INtroduction......ececieennnennennenninninnienieniensenseeseeseesseesseesses 171
2. Phase-field simulation principles..........coeeneininiecsecssecsseenneees 173
3. CALPHAD modeling of materials properties ........ccccceeeurreunce. 178
3.1 CALPHAD modeling of thermodynamics..........c....cceerurnene. 179
3.2 CALPHAD modeling of atomic mobility ...........ccccecvvrrueennes 182
3.3 CALPHAD modeling of molar volume ............cccceevveenennns 184
4. First-principles calculations of materials properties ................ 186
4.1 First-principles calculations for finite temperatures.............. 186
4.2 First-principles calculations of solution phases .................... 188
4.3 First-principles calculations of interfacial energy................. 189
5. Applications to Ni-Al .....ccccceevrerceissercssnnsssnnesssescssrossssssssssssssseses 190
5.1 First-principles calculations ..........ccccceevevierciieeieeceieesveeeeen. 190
5.1.1 Interfacial energy between yand Y ........ccccoovevevrnenne. 190
5.1.2 Structural stability of Ni-Mo compounds .................. 191

5.1.3 Thermodynamic properties of Al, Ni, NiAl
and NBAL ... 192
5.1.4 SQS calculations of bee, B2, and L1;....ccuuuveeannee.. 194
5.1.5 Lattice distortion and lattice parameters.................... 197
5.2 CALPHAD modeling........ccccevererienineniinineniese e 197
5.2.1 Thermodynamic modeling of Ni-Mo..........cccceeueeneee. 197
5.2.2 Thermodynamic modeling of Ni-Al-Mo.................... 199

5.2.3 Atomic mobility modeling in Ni-Al and Ni-Al-Mo... 199
5.2.4 Lattice parameter modeling in Ni-Al and Ni-Al-Mo.. 201
5.3 Phase-field SIMulations ..........ccoeceereenieniininniiiieee e 202
5.3.1 Interface models.........cccoveiriiiiiiiiiieiieieeeeeeeee 202
5.3.2 3D simulations of Ni-Al using the physical model.... 204



X

5.3.3 3D simulations of Ni-Al and Ni-Al-Mo using the
KKS model ..cooovvviiiiiiiiiiiiiii 205
(TR 0] 1 T4 L1 K) 1) 1 PR 210

7. QUANTUM APPROXIMATE METHODS FOR THE
ATOMISTIC MODELING OF MULTICOMPONENT
ALLOYS
G. Bozzolo, J. Garcés, H. Mosca, P. Gargano, R.D. Noebe, P. Abel

1. INtroduction........eeeceeecseeisnercsuencseecssnecssuercssencsnessanens 215
2. The BFS method.........uieiioeirneiinniinnennseenseccssnencsenesscssneees 218
3. Relationship between BFS and ab initio methods..................... 224
4. Modeling of RUAIX allOYS ....cccceervurricnersssernssnrescnerssaensssnssssnsessasses 227
4.1 The RU-Al SYStEIM ...cceeeeieiieeiieeieeeieeciee e 230
4.2 The RU-Al-Ni SYSteIM .....cueerviiieriiieriieeiieereeeseeeeieeeereeseee e 231
4.3 The RU-Al-Ta SYSteM.....c.eeevriieriiieeiieeiie e eereeereeeeveesevee s 234
4.4 The Ru-Al-Ta-Ni-W-Co-Re system.........cccecererueneneeeennene 237
5. NIAITiCu MOdeliNg ....c.cceueeruenruensuinsensensensensseessnesssesssesssessaesse 238
5.1  Site occupancy of Ti and Cu (experiment).........c..cceevveennenns 239
5.2 Site occupancy of Ti and Cu (BFS and Monte Carlo

SIMUIALIONS ) ..eeevieeiieeiie ettt e re e eeeenee s 239
5.3 Atom-by-atom analysis of the ground state ......................... 242
5.4 Ground state structure versus Cu concentration................... 243
5.5 Local environment analysis of atomic coupling .................. 244
5.6 Local environment analysis of the ternary system............... 246
5.6.1 Tisite preference in NiAl ......cccoocvvvviiviiiecieenieeen, 246
5.6.2 Cusite preference in NiAl .....c.cccvvveiveeeieeccieenreeen. 248

5.6.3 Tiand Cu additions and interaction between point
AEfECLS oot 248
5.6.4 Ti and Cu interaction with antisite defects................. 250
5.6.5 Tiand Cu interactions........ccccerueeueereerereeneerieneeneennens 251
(ORI 671) 116 L1 T3 (1) 1 N . 252

8. MOLECULAR ORBITAL APPROACH TO ALLOY DESIGN
M. Morinaga, Y. Murata, H. Yukawa

1. INtrodUCHION...oueeeieeeeircneeeeteeeecrcnneeteeecessssnneseseccsssnnnassssassssssennane 255
2. DV-Xa molecular orbital method..........cccceeevrrveeeeieceennccnneneeeeens 257
RN 1103911 o 0 1 D11 U] () 258
3.1 d-orbital energy level, Md.........cccccveeeciieciieieeee e 258
3.2 Bondorder, Bo....oooooueeiiiiiiiieee e 260

3.3 Average parameters for an alloy ..........ccocceeiieiiiiienieniencnne 261



4. Nickel-based superalloys ........cccecceeeerescneessnercsersssaresens 262
4.1 New PHACOMP......oooiiiiiieeeeeeee e 262
4.2 d-electrons CONCEPL........cocurruirieeiieieeieeie et et e sieeniee e 263
4.2.1 Target region for alloy design..........cccceeveevvenieennennne. 264
4.2.2 AllOYING VECIOT ..eeovveeereeereeieeieeieeieenieesieesseessnesenenenes 264
4.3 Design of nickel based single crystal superalloys................. 265
5. Irom alloys ....eeiiinvveniiiicniicsssnniicsssnnissssnnsssssssssssnsnnes e 267
5.1 Second-nearest-neighbor interactions in bee Fe.................... 267
5.2 Alloying parameters in bce Fe and fcc Fe....oovveiinnnnii. 271
5.3 Local lattice strain induced by C and N in iron martensite... 271
5.4 Design of high Cr ferritic Steels .........ccoevvrerrrcririeerieieeienn, 273
54.1 AllOYING VECLOT ..eevuvveeeiieiieeiie e eeveesveeeveeeeve e 274
5.4.2 6 ferrite formation .........ccoceevviiriieriieeneenieeeeeeeene 274
5.4.3 Trace of the evolution of ferritic steels...................... 275
5.4.4 AllOY deSiZN..cccuiiiiieriiiiiiiieiie ettt 276
6. Titanium alloys.......coieenenreisuensnennnensnensensenseessensecssecssnees 277
6.1 Alloying parameters in bec Ti....ccvvevvreiercieeiieniesieieeenieans 2717
6.2 Classification of commercially available alloys into a,
OB, AN BtYPOS.cvrieirieeiieeiiierree et eee et e e 277
6.3 Design of B-type alloys .....ccceevveeeviiieiiieeiieeiee e 279
7. Aluminum alloys ...ccceinenniinsinsinsennensennenniinnennisnesseosees 280
7.1 Correlation of mechanical properties with classical
PATAIMNELETS ..eeevieeneieeeiiieeieeeeeieesiteeeteeeeaeeesbeesteeenneeesnseesseeenes 281
7.2 Alloying parameter, MK..........cccoeevvevciieecieeie e 282
7.3 A proposed method for the estimation of mechanical
PLOPEITIES ...eevvieeitieeiieeeieeeteeetteesireeereeeteeeseseessreessseeensreessnas 283
7.4 Estimation of the mechanical properties of aluminum
ALLOYS oottt 285
7.4.1 Non-heat treatable alloys ..........cccovververierieriienienennns 285
7.4.2 Heat treatable alloys........ccceeeveeriienciieeieeeeceeeeen, 286
7.4.3 Strength map for alloy design.........ccceevevvercreeenneennen. 287
8. Magnesium alloyS.....cccievvvviieninnicnssnnicsssniicsssnniesssnssesssssssssssasns 288
8.1 Mk approach to the mechanical properties .............ccceeueennenn. 290
8.2 Design of heat-resistant Mg alloy ..........cccocveiieieeneeneennenne. 292
9. Crystal structure maps for intermetallic compounds.............. 292
10. Hydrogen storage alloys ........cccceevvuerivssvnercsscsanicsscnenees .294
10.1 Metal-hydrogen interaction...........ccceeeveeecieeerieeerveescreesneens 294
10.2 Roles of hydride forming and non-forming elements ......... 295
10.3  Criteria for alloy design .........ccccvceevenereenenenieieneneeee 297
10.3.1 Alloy cluster suitable for hydrogen storage ........... 297
10.3.2  Alloy COMPOSILIONS ...cvveeveererereierereeireieereeveeeeenns 299

10.3.3 Mg-based alloys.......ccceeeevieecieeriieiiecrie e 299



10.

X1

11. A universal relation in electron density distributions in
11 E 115 g 21 L 301
B B 0717176 LT 1) 1 R 303

APPLICATION OF COMPUTATIONAL AND
EXPERIMENTAL TECHNIQUES IN INTELLIGENT
DESIGN OF AGE-HARDENABLE ALUMINUM ALLOYS
A. Zhu, G.J. Shiflet, E.A. Starke Jr.

1. INtroduction......eeceeicieeicneiisneinseencsneecseecsnesssesssanncssenssssessssenes 307
2. Characterization of secondary phase and their structures ...... 309
2.1 Fundamental properties...........cceeeeruerrieesieeseeseeneeneeneeneens 309
2.1.1 Crystalling StrucCtures .........cceccververeerverivesvesenescnennnes 309
2.1.2 Elastic conStants..........cecceevueerieenieenieeneeneeneeneeseenaes 311
2.2 Structural Parameters .........cccveereveeecreeerieerreesireeeeeeesreesreens 311
2.2.1 Particle strength .........ccceeviierciiiiiiieiieeee e 312
2.2.2 Morphology of 2™ PS........oveeveeeeereeeeeeeeeeeeeenen. 314
2.3 Thermal stability and evolution of 2™ PS.........cc.cooovvvveennen. 316
3. Evaluation of strengthening effects: Dislocation slip
ST 11 1 L1 T0) N 318
3.1 Simulation methods........c.ceveeviiniiniiniiieeeee 321
3.2 Comparison with eXperiments............ccceevveerreercreeereeennneenne 323
3.2.1 0 {100}, in Al-Cu alloys.....cccoeverrerreeereierreiesieienies 323
3.2.2 {3'+ T,} phases in Al-Li-Cu alloys.......cccceeueruerueenee. 325
3.3 Predictions of optimum precipitate structures —
Superposition of strengthening effects...........ccevevverciiercnnnns 327

3.3.1 Spherical precipitates of bi-modal size distribution... 327
3.3.2 Mixture of two types of unshearable plate-like

PATtICIES .ot 328

4. Stress-AZING.....ccveerirssrnssressuesssesssenssesssesssesssesssesssesssesssaessasssassssenss 330
4.1 Background........ccceceeviieriieniieriieniesie et 330

4.2 Stress oriented effect on plate precipitates...........ccceeeveenenn. 330

4.3 Aligned precipitates effects on anisotropy ........cceccceeveveernnenn. 335

T @ (1111 1 340

MULTISCALE MODELING OF INTERGRANULAR
FRACTURE IN METALS
V. Yamakov, D.R. Phillips, E. Sacther, E.H. Glaessgen

1. INtrodUCtion......cccceiiicneicnseiossnnnssnnesssencsssnossssesssssssnesssassossassssassssnens 343
1.1 Coupling methods ..........cceeeviieiiienie et 343
1.2 Quasicontinuum methods...........cccoeeieeiiiiiiiiiie e, 344




Xii

1.3 Equivalent continuum mechanics methods...........c.ccccuenne.. 345
1.4 Constitutive-relation based scaling ..........ccccceeevveeeieenieennnnn. 345
2. Multiscale modeling Strategy ........ccccceevercrercrsnerssnenccnenens 348
2.1 Finite element modeling with cohesive zone models............ 348
2.2 Molecular dynamics modeling...........cccceeevereviecrincrincreniennnen. 349
RN 1 F:1 2] LN 352
3.1 Grain-boundary sIiding ...........ccceevirercrieniiieie e 352
3.2 Grain-boundary decohesion: Molecular Dynamics and
Finite Element relationship ..........cccocovevieniiniiniennienieeeee, 353
3.2.1 Molecular Dynamics results ..........ccccceevuveieecieeneeennen. 355
3.2.2 Finite Element model..........ccccooevirrininiinininee, 357
3.2.3 Comparison between Finite Element and
Molecular Dynamics models ..........ccccccvveveveeecriennnnns 358
3.2.4 Defining a traction-displacement relationship
oM MD ..o 360
4. DiSCUSSION....uuuirerurierniisnerisercseicsniissseiessssssssssssssssassessssssssssassane 363

11. MULTISCALE MODELING OF DEFORMATION AND
FRACTURE IN METALLIC MATERIALS
D. Farkas and J. M. Rickman

1. INErodUuCtion......eeeeceeecnueeinnencnenceeecseeisnescseencssesssessssescsssnssnns 369
2. Atomistic SIMUIAtION ......coeeervueiiseiiiniriiineicnetnsnereseeennessaeees 370
2.1 OVEIVIEW c..viiiiieeiieeciee ettt ettt e et taeeseveeevee e 370
2.2 Atomistic simulation methodology ..........ccecveevevivecieenieennen. 372
2.2.1 Connection with ab initio calculations....................... 374

2.2.2 Interface with dislocation dynamics and the
CONEIMUUITL L..vieeaiieeeiveeeeieeeireeereeereeeeveeeareeeeaeeseseeenns 374
2.3 Case study: Fracture of nanocrystalline Ni .........cc.ccceeeenene 376
3. Dislocation dynamics simulations of deformation .................... 379
3.1 DD methodoloies ........ccverveeriieriieriieriiesie e eiesreereeseeeeens 381
3.1.1 Front-tracking approaches ..........ccccoccvvvevrercreercreennen. 381
3.1.2 Level-set approach.........ccocceevereencieeniierieeeie e 382
3.2 Coarse-grained DD: Link with the continuum...................... 383
3.2.1 OVEIVIEW..ooouiieiiiieeiiie ettt 383
3.2.2 Methodologies........ocouvreiiriiriieiieii et 384
4. Dislocation pattern formation..........ccceeveeevcuercccercscnnsssnnncsercsanes 384
4.1 Atomistic SIMUIAtion .........ccceeviiriiiriiiiiiiceceeeeeceeeee 385
4.2 DD SIMUlation ......cccceeveerienienienienieiiese e 385

5. SUMMATY ..cuiiiiiiriiinsirnniensssnsiosssnssssssssiosssssssosssssssssssssos ... 386




xiii

12. FRONTIERS IN SURFACE ANALYSIS: EXPERIMENTS
AND MODELING
D. Farias, G. Bozzolo, J. Garcés, R. Miranda

13.

bl ol

INtrodUCHION . ..cceeeieeeiiteiiiiietncneiceensnesseeesaeeesasesssesssssssassene 391
Experimental results........c.cceeveeiceiisvercssennssnnessencssnrcssnssssasessanses 392
Theory: The BFS method..........ccceienveiennnercnsercsserennees .393
RESUILS cccnneriiniiiiieineeiniticeeiseecneeisneecsseecsaecssancsssnecssasssssncsssacens 395
4.1 Oxygen on Ru(0001): What do we “see” with the

STM on oxide SUrfaces?........ccceoceeveereenienienienie e 395
4.2 NiAl(110): Using H, beams to visualize the charge

density of alloy SUTfACES......ccevvverierierieeieeieeie e 400
4.3 Growth of Fe on Cu(100) and Cu(111): Intermixing

and step deCOTAtION.........ccveereveeriieeiie et ciee e eee e 404
4.4 FeyN(100) on Cu(100): A magnetism-driven surface

TECONSLIUCEION ....eeeieiieeiieteeieeeiterttesitesiteeteseeebeebeebeeeeeneeas 409

THE EVOLUTION OF COMPOSITION AND STRUCTURE
AT METAL-METAL INTERFACES: MEASUREMENTS AND
SIMULATIONS

R.J. Smith

bl ol ol

INtroduCtion ....ceeeeeceeiiierieeieeiceeecneecseesseeecaeecsseessssesssescsenns 415
Structure of metal-metal interfaces.........cccceeveecvercrveencvnnncnenens 417
Experimental techniques ..........cccueeeveenveenivencseicssnenssnercseecsannes 419
Results and disCuSSION .......occoveeereeiruecsnecsnensnensensensenssecssessecssees 422
4.1 Fe films on A1(001) and AI(110) ..ccovevreevierrieiierierieriieeenene 422
4.1.1 AL(001) SUITACE ....oeovveeeerieeiieeieecee e 422
4.1.2 AI(110) SUIface .....cocvveerieeiieeiieecree e 425
4.2 Co films on Al(100) and AI(110)...ccceeveerienierienieniiereenienne 427
4.2.1 AI(100) SUrface ......ccceeevieecrieecieeeiieeee e 427
4.2.2 AI(110) SUITACE ...ocvveereeieeieeieeieeie et 429
4.3 Pd films on A1(100) and AI(110) ...cceoerieieiirieeeeeeeeeee 430
4.3.1 AI(001) SUIACE ....eeveveeeerieeiie et 430
4.3.2 AI(110) SUIface ....ccouveeeiieeiieeieecee e 431
4.4 Ni films on Al(001), AI(110), and AI(111).ceevievieniiinnnee 432
4.4.1 AI(111) Surface .....coovveevieevieeiiieeieeeee e 432
442 AI(110) SUITACE ...oovveereeiieieeieeieeie e 434
4.4.3 AL(001) SUITACE ....eeevvveeerieeiieeieectee e 435
4.5 Ti films on Al(001), Al(110), and AI(111) ..coeerverrerierennene 436
4.5.1 AI(001) SUIACE ....eevuvieeeiieeiieeiieeciee e 436
4.5.2 AI(110) SUrface ......ccceeeeveeecrieecieeeiieeree e 438

4.53 AI(111) Surface .....ccoveeevieecrieeieecieeeee e 439



Xiv

5. Computer modeling of interface evolution: Ni on

WX I 11 g £ T N 440
5.1 Monte Carlo snapshots with VEGAS simulations................ 440
5.2 Orientation dependence of the interface evolution................ 442
6. Atomistic modeling of metal-metal interfaces using the
BFS method .........uiouiniieineienieneensensenceccnccnnes . 445
A 6101 1 T3 11 K (1) | . 447
14. MODELING OF LOW ENRICHMENT URANIUM FUELS
FOR RESEARCH AND TEST REACTORS
J. Garceés, G. Bozzolo, J. Rest, G. Hofiman
1. INtroduction.......ececceecnnecnnecnnennniineiseissesssecssscssscesseesseesseesseesses 451
2. The BFS method for alloys........c.ccceeverescnrescnnrcsercseresens . 456
2.1 The U-Al SYSteM ...ccccuveiiiieiiieeiieeeieeciteeee e 457
2.2 The U-MoO SYSIeML....ccuviiierieeiieeiieeririeeieeeteeesiveesveeeveeeseneens 459
2.3 The U-Si and U-Ge SYStemS......c..ccceevveruereerieneneenienieneeeenne 461
2.4 The Al-MO SYSEEM....cccueeieieriieriierieeie ettt 463
2.5 The Al-Siand AI-Ge SYStEMS .....c.ceoveerveeriierieerieenierereneeenenens 463
2.6 The Mo-Si and Mo-Ge SYStEMS ........ccecvvercveeerieeerieeereeeenens 463
3. Modeling results for the Al/U-Mo interface.........cccccerverernvesences 463
3.1 The Al/U SYStEM ...ccuviieiiieiieeciieeciee ettt 465
3.2 The Al/U-MO SYSTEIM.....ccouiriirieieniiniieienieeiteieeie et 465
3.3 Atom-by-atom analysis of Al deposition ............ccceceereeennene 467
4. The role of Siin the interface..........ccccevueevuicrucvruensuccsnccsecsensaene 472
4.1 The Al-Si/U SYStEM .....ccecvieeeireiiieriieeiieenreesreeeeeeeereeseveens 472
4.2 The Al-Si/U-MO SYStEIM .....ccveervieerieeiieesieesieeeeeeesereesveens 474
5. The role of Ge in the interface ...........c.cceceerevuercsuercveennnnen. 477
5.1 The Al-Ge/U SYStEIM .....cevueriirierieriiniienienieniteieeeeeenie e 479
5.2 The Al-Ge/U-MO SYStEM......ccceeruirierienierieeienienieeeenienieeeenees 479
6. CONCIUSIONS c.cuueiuiiruiiriiseiseiseiseiceictiessiessiesseesseessesssesssesssesssssnns 481




2 Springer
http://www.springer.com/978-0-387-23117-4

Applied Computational Materials Modeling
Theory, Simulation and Experiment
Bozolo, G.; Noebe, R.D.; Abel, P.B. (Eds.)
2007, XV, 491 p., Hardcover

ISBN: 978-0-387-23117-4



