
CONTENTS

1. CrystallographyofPhase Transformations 1

1.1. Atomic Structureof Crystals,1
1.2. CrystalLatticeand ReciprocalLattice,2
1.3. Diffractionand ReciprocalLattice,4
1.4. Phase Transformationsand CrystalLattice,
Rearrangements,11

1.5. Effectof CrystalLatticeRearrangement on Geometry of
CrystalLatticePlanes,14

1.6. VariousOrientationsProduced by Phase Transformations,
15

1.7. InvariantPlane Strain,18
1.8. InvariantPlane Strainand CrystalLatticePlane
Orientations,20

1.9. Worked Examples,22

2. StabilityofHomogeneous SolidSolutions 26

2.1. InfinitesimalFluctuationsand theConcept of
Metastability,26

2.2. Stabilityof DisorderedAlloyswith RespecttoInfinitesimal
Fluctuations,29

3. Orderingin Alloys 39

3.1. StaticConcentrationWave RepresentationofOrdered
Phase Structures,40

3.2. Second-OrderTransformationsin Phenomenological
Theory ofOrdering,48

3.3. Examples forDeterminingParticularPhase
Transformation,53

3.4. The EquilibriumEquationin theLong-Range Interaction
Model, 55



3.5. StaticConcentrationWaves and Diffraction,59
3.6. ApplicationoftheConcentrationWave Method tothe
SolutionoftheMean-FieldEquation(SimpleLattice),60

3.7. How toFind theAtomic Arrangement oftheMost
StableSuperstructure,65

3.8. Examples ofSolutionofMean-FieldEquationsfor
OccupationProbabilities,69

3.9. Symmetry ofSuperlatticePointsin theReciprocalLattice
and StabilityofOrderedPhases:StableStructuresin Fee
and Bcc Solutions,73

3.10. StabilityofNonstoichiometricOrderedPhases:
SecondaryOrderingand Decomposition,82

3.11. Orderingin CrystalsComposed ofSeveralInterpenetrating

BravaisLattices,90

4. Decompositionin Alloys 96

4.1. Thermodynamics of Decomposition,97
4.2. FreeEnergy ofHeterogeneousAlloys,103
4.3. Extreme StatesofSolidSolutions,108
4.4. CriticalNucleusin a SolidSolution,111
4.5. Extreme StatesofOne-DimensionalHeterogeneitiesin
MetastableAlloys,117

4.6. Worked Examples,124

5. DiffusionKineticsin SolidSolutions 128

5.1. CrystalLatticeSiteDiffusionin SolidSolutions,129
5.2. PercolationMechanism of "Fast" Atom Substitutional
Diffusionin BinaryAlloys,136

5.3. SpinodalDecomposition,138
5.4. Computer Simulationof SpinodalDecomposition:
Formation ofGP Zones,143

5.5 Short-RangeOrder RelaxationKinetics,152

6. Diffusionless(Martensitic)Transformationsin Alloys 157

6.1. What istheMartensiticTransformation?,157
6.2. Nucleationand Growth of Martensites,159
6.3. Shape DeformationProducedby Martensitic
Transformation,163

6.4. StructureDomains ofa MartensitePhase,167
6.5. Example ofCrystallographicTheory ofMartensite
TransformationsforCubic-to-TetragonalCrystalLattice

Rearrangement,172



6.6. MartensiteCrystalMorphology in the Case of Fcc→Bcc Crystal
LatticeRearrangement: Numerical Example, 179

6.7. SlipModel of Formation of Lath Martensitein Ferrous
Alloys,182

6.8. CrystalLatticeAbnormalitiesofIron-Carbon
Martensite,190

7. ElasticStrainCaused by CrystalLatticeRearrangement 198

7.1. Introduction,198

7.2. StrainEnergy of Multiphase Alloy,201
7.3. Strain-InducedInteractionsbetween Coherent New Phase
Inclusions,210

8. Morphology of SingleCoherentInclusion 213

8.1. StrainEnergy and Shape of SingleCoherent Inclusion
withinInfiniteMatrix,213

8.2. EllipsoidalInclusionin AnisotropicParentPhase:

Homogeneous Modulus Case,226
8.3. Limit Transitionto Eshelby'sTheory of Ellipsoidal

InclusionsinIsotropicMatrices,230
8.4. EllipsoidalInclusionin AnisotropicParentPhase:

The Case of DifferentModuli, 237
8.5. CrystalLatticeParameters and OrientationRelationsof
Coherent ConstrainedPlatelikeNew Phase Particles,241

8.6. Habit Plane and OrientationRelationsof Tetragonal
Precipitatesin Cubic Parent Phases,244

8.7. EquilibriumShape of Coherent Inclusion,249
8.8. EquilibriumShape ofInclusionCharacterizedby

InvariantPlane Transformation Strain,263

8.9. Shape of Ferromagnetic Precipitates,266
8.10. Rodlike Precipitates,273

9. Habit Plane and OrientationRelationsin Precipitates:

Comparison withExperimentalData 278

9.1. Morphology and CrystalLatticeCorrespondence of

NitridePrecipitatesin Iron-NitrogenMartensite,282
9.2. Morphology of Precipitatesin Nb-O Interstitial

Solution,286
9.3. Morphology ofβ-PhasePrecipitatesin V-H Alloys,289
9.4. Morphology of Coherent Precipitatesof Cubic Phase in

Cubic Matrix,293
9.5. GP Zones in SolidSolutions:Al-Cu Alloys,305

9.6. EquilibriumShape of Martensitic"Laths,"310



10. Strain-Induced Coarsening in Coherent Alloys Consisting of Two 315

Cubic-Symmetry Phases

10.1. Modulated Structure in Coherent Mixture of Two

Cubic-Symmetry Phases, 316

10.2. Strain Energy of Concentration Heterogeneity in

Cubic Solid Solutions, 321

10.3. One-Dimensional Modulated Structures, 327

10.4. Two-Dimensional Modulated Structures, 335

10.5. Formation of Basketlike Modulated Structures in

Ordering of Mutual Arrangement of Precipitates,342

10.6. Morphology of Modulated Structures in Two-Phase

Coherent Mixtures of Cubic Phases: Comparison with

Experiment, 346

10.7. Strain-Induced Tetragonality of Cubic Phases in

Modulated Structures: Cu-Ni-Fe and ALN1CO

Alloys, 358

11. Morphology of Coherent Mixture of Cubic and Tetragonal Phases

Controlled by Elastic Strain Effect 368

11.1. Stable Configurations in Coherent Mixture of Cubic and

Noncubic Phases, 368

11.2. Strain Energy of a Two-Phase Alloy Formed by

Cubic and Tetragonal Phases, 372

11.3. Minimization of "Homogeneous" Strain Energy and

Equilibrium Structure of Coherent Mixture of Cubic and

Tetragonal Phases, 377

11.4. Strain Energy of Semi-Coherent Interphase and

Equilibrium Domain Structure, 381

11.5. Strain-Induced Coarsening in Coherent Mixture of Cubic

and Tetragonal Phases, 399

11.6. Morphology of Alloys Composed of Cubic and

Tetragonal Phases: Comparison with Experimental

Observations, 401

12. Computer Simulation of Phase Transformation in Crystalline 408

Solids

12.1. The Martensite Transformation, 408

12.2. Path and Kinetics of Martensitic Transformation, 419

12.3. Computer Simulation of Pseudo-Two-Dimensional

Martensitic Transformation, 423

12.4. Computer Simulation of Strain-Induced Coarsening of

Tetragonal Precipitatesin Cubic Matrix:

"Tweed" Structure Formation, 431



12.5. Computer SimulationofFormation of Modulated
Structurein Cubic Alloys,440

13. MicroscopicElasticityTheoryofMacroscopically 445
Homogeneous SolidSolutions

13.1. Introduction,445
13.2. ElasticEnergy ofSolidSolutions,447
13.3. CalculationofStrain-InducedInteractionin Bcc and Fee
Substitutionaland InterstitialSolidSolutions,464

13.4. Strain-InducedInteractionofPairsofSoluteAtoms in
Bcc SolutionsBased on aFe,Ta, Nb, and V, 471

13.5. LimitTransitiontoContinuum Theory:Eshelby's
Theory of SolidSolution;ElasticEnergy and Spinodal
Decomposition;DiscussionofCook-de Fontaine's
Version;"ElasticEnergyParadox"; LimitTransitionto
CoherentInclusions,483

13.6. The Role ofElasticEnergy and Vacanciesin
Thermodynamics ofStableSegregations:K-State,497

14. ApplicationofMicroscopicElasticTheory toThermodynamics
of Phase Transformations 504

14.1. ScreeningofPairwiseInteractionin SolidSolutions,504
14.2. ElasticEnergiesand Atomic StructureofOrdered Bcc
InterstitialSolutions,508

14.3. Comparison withExperimentalObservations,524
14.4. OrderinginIron-Carbon Martensite,530
14.5. SpinodalDecompositionin Iron-CarbonMartensite,534
14.6. Phase Transformationin MartensiteofCarbon Steel
InvolvingCarbon Atom CondensationintoIrradiation
Defects,542

Appendix1. BasicDefinitionsofMatrix Algebra 551

Appendix2. BilinearRepresentationofa HermitianOperator 555

Appendix3. CalculationoftheEnergyEedge 557

References 562

Index 571


	page1
	page2
	page3
	page4
	page5

