Materials Science and Engineering 445.302

“Phase Transformation”
Fall 2008
Professor Eun Soo Park

Syllabus
Course meeting times    Lectures: Two sessions / week

                              1.25 hour / session

Level: undergraduate

Text:       D.A. Porter and K.E. Eastering
         “Phase Transformations in Metals and Alloys”
         Chapman & Hall

References:  Paul G. Shewman, “Diffusion in Solid”, TMS (1989)
Reed-Hill, “Physical Metallurgy Principles”, PWS–Kent (1992) 
           Additional reading materials will be provided.
Course Description:
This course presents a unified treatment of the thermodynamics and kinetics of phase transformations from phenomenological and atomistic viewpoints. Phase transformations in condensed metal and nonmetal systems are discussed. This course begins with reviewing the principles of thermodynamics, phase equilibriums, diffusion, and crystal interfaces. The topics include absolute reaction rate theory, thermodynamics of irreversible processes, thermodynamics of surfaces and interfaces, chemical kinetics, nucleation and growth, spinodal decomposition, order-disorder transformations, diffusional transformations, martensitic transformations, coarsening, glass transition. At the end of the semester, you should understand the concepts, experimental technique, and open question in the transformation phenomena of various materials.
Chapter 1   Thermodynamics and Phase Diagrams
Chapter 2   Diffusion
       
  
Diffusion Mechanism



Diffusion Equation and Its Solutions



High Diffusivity Path



Diffusion in Multiphase Binary Systems
Chapter 3   Crystal Interfaces and Microstructure


Interfacial Free Energy



Boundaries in Single Phase Solids



Interphase Interfaces in Solids



Interface Migration
Chapter 4   Solidification


Nucleation in Pure Metals


Growth of a Pure Solids



Solidification of Single Phase Alloys


Eutectic Solidification

Chapter 5   Diffusional Transformations in Solids


Homogeneous Nucleation



Heterogeneous Nucleation



Precipitate Growth



TTT Diagrams



Precipitation in Age-Hardening Alloys



Spinodal Decomposition



The Precipitation of Ferrite from Austenite


Ordering Transformation
(Chapter 6)  Diffusionless Transformation


Characteristics of Diffusionless Transformation



Martensite Transformation
Components of Your Grade:
1) Exams (mid: 25% + final: 25%)
There will be two exams, each of which takes place in class for 1.5 hours. The exams will be conceptual and difficult.

2) Quizzes (10%)
There will be two short quizzes in between the major exams. These will take place in class and last for 30 minutes.

3) Homework (10%) and attendance (5%)
Problem sets are planned, to be handed out on Thursdays and due the following Thursday in class. The problem sets will likely be more mathematical than conceptual.

4) Reports and Presentation for Materials Design (25%)
Topics for phase transformation will be discussed or distributed, and every group will write a~3 page proposal, reports (mid term and final), and presentation (final).
Course Policies, Questions and Answers

Q: Will there be a recitation section?

A: None is planned, but if you really want one, speak up. We can negotiate.
Although most class periods will be lecture, I am hoping that the weekly class meetings will proceed in a discussion style format, so please do ask questions. 
Q: What is the policy for attendance?

A: Please avoid a pattern of coming in late.
Q: What is the policy for late homework?

A: You lose 20 % of the full assignment value per day late. Since Psets are due on Thursday, you can get 80 % credit if you turn it in on Friday, 50 % on next Tuesday, nothing thereafter.
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