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(English)
Course Description

This lecture refers to basic theory of microstructural evolution, but centers on the kinetic and
crystallographic knowledge of solid state transformation with thermodynamics as the starting
point, aiming at strengthening analysis and prediction capability of microstructure with
principles of solid state transformations.

The main contents of the course include three modules. The first one provides an overview
about solid state transformation, i.e., the microstructural stability of traditional bulk and novel
amorphous, nanocrystalline and quisicrystalline materials, the classification of transformation
and interfacial phenomenon; the second one is the core part of the lecture to cover essentials of
kinetics with significant theoretical innovations recently (especially those from domestic
scholars) as typical example. The view point from modern physics concerning the kinetics of
microstructural evolution, including diffusion, interfacial migration, dislocation motion and
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phase transformation, are introduced with both physical concepts and mathematical modeling.
They are modulus softening, time-cone, analytical model, phase field, Landau thermodynamic
and size effect of nanocrystalline, etc.; the third one introduces crystallographic features of both
diffusionless and diffusional transformations by algebra expression, with particular focus on
quantitative expression of orientation relationship and interfacial structure by singular criteria,
such as invariant plane strain, invariant line strain and energy cusp associated with structural
matching. In general, the lecture focuses on the interpretation of physical nature with
mathematic tools of microstructural evolution to strengthen students’ understanding about
kinetics and crystallography of material. The purpose aims to conduct students to the material
design/application and to understand more in-depth studies.

The students who select this lecture are assumed to have learned following courses at least:
Fundamentals of Materials Science (undergraduate level), Principles of Materials
Processing/Principles of Heat Treatment (undergraduate level) and Thermodynamics of
Materials (undergraduate/graduate level).
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contents; Course prerequisites; Main
references; Examinations;

Chapter 1
An Overview

Instability of parent phase and transformation
(Thermodynamic criterion of instability,
Formation of transitional and equilibrium
phase); Characteristics of Typical diffusional

transformation(Precipitation, Eutectoid
decomposition, Massive transformation,
Spinodal decomposition,  Austenitization);

Characteristics of martensitic transformation
(Crystallographic features of martensitic
transformation, Energetics of martensitic
transformation, Shape memory effect); Phase
transformation in novel materials
(Crystallization of amorphous alloys, Phase
transformation in nanocrystalline materials,
Thermal  stability of quasi-crystalline
materials);

ibid

Chapter 2
Classification
Characteristics
Phase
Transformation

and
of

Classification according to thermodynamics
(Thermodynamical function of assembly,
First- and higher-order transformations,
Thermodynamic  description of  phase
transformation); Classification of first-order
transformation (Reconstructive (diffusional)
and displacive (diffusionless) transformation,
Classification and  characteristics  of
reconstructive transformation, Classification
and characteristics of displacive
transformation); Classification according to
kinetics (Stable and unstable free-energy
curve, Gibbs’s two type of transformation);
Concise

classification of first order

transformation;

ibid

Chapter 3
Interfacial
Phenomenon

Interfacial structure (Misfit model of interface,
Coherency  Loss, Glissile interface);
Interfacial energy (Discrete-lattice model of
coherent interface, Continuous model of
coherent interface, Structural component of
semi-coherent interface, Energy of incoherent
interface, Anisotropy of interfacial energy);
Curvature effect of interface (Gibbs-
Thompson effect, Ripening of precipitates,
Ripening of other microstructures);

ibid

Chapter 4
Kinetic
Fundamentals
Transformation

of

Irreversible thermodynamics
(Thermodynamic fundamental of kinetic
theory, Entropy and entropy production,
Linear irreversible thermodynamics, Force-
flux relations when extensive quantities are
constrained); Common  features  of
transformation (Order-parameter, Free-energy
and order-parameters relations);  Landau
theory and solid state transformation (Landau
theory and second-order transformation,
Landau theory and first-order transformation,
Derivation of kinetic equation);

ibid

General features of  homogeneous
transformation (Generalized diffusion
equation, Free-energy of an inhomogeneous
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Chapter 5
Spinodal
Decomposition
Order-Disorder
Transformation

and

(including recitation)

system, Structure and energy of diffuse
interfaces); Kinetics of homogeneous
transformation  (Diffusion potential ~for
transformation,  Cahn-Hilliard and Allen-
Cahn equations, Numerical simulation an
phase-field method); Wavelength and
coherent-strain effect (Critical and kinetic
wavelengths, Coherent-strain effect,
Generalization of Cahn-Hilliard equation);

ibid

Chapter 6
Nucleation

Homogeneous nucleation (Classical theory of
nucleation, Incubation period, Effect of
elastic strain energy, Nucleus shape of
minimum energy, Effect of composition
partitioning on the nucleation rate,
Discussion);  Heterogeneous  nucleation
(Nucleation on grain boundaries, edges and
corners, Nucleation on dislocations,
Nucleation on other crystalline defects);
Martensitic nucleation (Nucleation by thermal
fluctuation, = Heterogeneous  nucleation,
Nucleation by modulus softening);

ibid

Chapter 7
Growth

Growth process of precipitates (Growth
without change of composition, Growth
involving long-range diffusion, Growth of
plate and acicular widmanstatten structure,
Role of interface structure in growth process);
Eutectoid transformation (Diffusion-
controlled growth, Growth controlled by
process at the interface); Growth of martensite
(Dynamics of martensitic interfaces, Soliton
model of interfacial movement);

ibid

Chapter 8

Former Theory of

Transformation
Kinetics

Analysis of isothermal transformation curves
(General feature of isothermal transformation,
Transformations  without  change  of
composition, Transformations with parabolic
Temperature-time-
Effect  of

temperature: non-isothermal transformation

growth laws,
transformation ~ diagram);
(Effect of continuous cooling, Addictive rule);

Kinetics of martensitic transformation

(Isothermal ~ martensitic  transformation,

Athermal martensitic transformation);

ibid

Chapter 9
Crystallography
Transformation

of

Vector and matrix (Definition, Invariant line
and invariant normal, Homogeneous
deformation, Deformation twinning, Linear
transformation of the coordinative system,
Lattice correspondence, Invariant plane
strain); Crystallography of martensitic
transformation (Lattice deformation,
Undistorted plane by application of additional
lattice invariant deformation, Invariant
plane by addition of rigid-body rotation,
Algebra analysis of the crystallography,
Further aspect of the crystallographic model,
Interfacial feature of martensite);
Crystallography pf diffusional transformation
(Theory of invariant line strain, Theory of O-
lattice, Singular Criterion);

ibid
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PRk BB ISR VEIR O 255 R4 T IR s
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FRFRE R The course g.rading is bgsed on different Wei.ght.among four parts with each should be finished
(English) befpre deadline accorfhnlg to _teacher’s _1ndlcat10ns: a specific reading report (qt least 3000
Requi ¢ Chinese gharacters) w1'th1n a§51gned topics (20%); Tw1ge homework problems w1.th each four
equirements (30%); Final examination with open book manner at night (30%); Literature review (at least
5000 Chinese characters) connecting course contents with research direction (20%).
(B #S. Wk
o)
FRIEUE, [EZSAHAR) )2 ik, BRI ik, 2019;
TENSH TR (A EARIE—A):
1 IR g%, MR, &SEE HRA, 2013;
N 2. WA, HRMIESGE %) AT, R, 1990;
PRAE BT 3. J. W. Christian, The Theory of Transformations in Metals and Alloys, Fourth Eds.,
(130 Pergamon Press, Oxford, 2002;
Resources 4. D.A.Porter, K. E. Easterling and M. Y. Sherif, Phase Transformations in Metals and Alloys,
Third Eds., Chapman&Hall, London, 2008;
5. R. W. Balluffi, S. M. Allen and W. C. Carter. Kinetics of Materials. New York, NY: John
Wiley & Sons, 2005.
b, BEHER A SR TR /0 =R, BRI B R SO TR R AR
SR —8, EHREIEHED
Textbook
Zhenghong Guo, Kinetics abd Crystallography of Solid State Transformations, Shanghai Jiao
Tong University Press,, Shanghai, 2019
Main References (Optional):
1. T.Y.Hsu(XuZuyao), Phase Transformations in Materials, High Education Press, Beijing,
2013;
2. Duan Feng, Physical Metallurgy (Vol. 2) : Phase Transformation, Science Press,
PR BT Beijing, 1990;
(English) 3. J. W. Christian, The Theory of Transformations in Metals and Alloys, Fourth Eds.,
Resources Pergamon Press, Oxford, 2002;
4. D.A.Porter, K. E. Easterling and M. Y. Sherif, Phase Transformations in Metals and Alloys,
Third Eds., Chapman&Hall, London, 2008;
5. R. W. Balluffi, S. M. Allen and W. C. Carter. Kinetics of Materials. New York, NY: John
Wiley & Sons, 2005.
In addition, at least three classical papers will be recommonded for each chapter, aiming at help
students to understand the initiation and development of scientific thoughts.
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