‘Introduction to Materials Science and Engineering’Course Syllabus
Course Code： 
Course Category：Major Basic
Majors：Materials Science and Engineering
Semester：Spring/Fall
Total Hours：54 Hours         Credit：54 学分
Lecture Hours：54 Hours          
Instructors：Yi Zhou
Textbooks：Fundamentals of materials science and engineering，化学工业出版社

References：

1. Essentials of Materials Science an Engineering, Donald R. Askeland
2. Materials science and engineering, an introduction, William D. Callister, Jr.
3. 材料科学与工程基础，顾宜，赵长生，化学工业出版社
Teaching Aim： 

    The main objective of this course is to provide a concise overview of the principles of materials science and engineering for undergraduates majoring in materials science and engineering and closely related disciplines to solid understand of materials science and engineering. This course also contains many examples of modern applications of materials science and engineering that impact students’ lives, which will make students to be more motivated and remain interested in learning about how to apply the essentials of materials science and engineering.
Chapter One  Introduction to Materials Science and Engineering
   课时：1周，共3课时

Content:
1. Historical Perspective of Materials 
2. What is Materials Science
3. What is Materials Engineering
4. Classification of Materials
5. Properties and Importance of Materials 
6. Modern Science and Technology
Chapter Two  Atomic Structure Introduction
   课时：1周，共3课时

Content:
Understanding that interatomic bonding is the first step in understanding/explaining materials properties
1. Review of Atomic Structure:
Electrons, Protons, Neutrons, Quantum mechanics, Electron states

2. Periodic Table

3. Atomic Bonding Energies vs. Forces in Solids 

4. Properties from Bonding

5. Primary Interatomic Bonds (Chemiscal): Ionic/Covalent/Metallic

6. Secondary Bonding (Physical ): Van der Waals (three types of Dipole Bonds) / Hydrogen bonds
Problems：
1、How do atoms assemble into solid structures?
2、How does the density of a material depend on its structure?

3、Do material properties vary with the sample orientation?
Chapter Three  Structure of Crystalline Solids
   课时：1周，共3课时

Content:
1. Crystal structures: Spacial Lattice
2. Unit cells in Crystal: Lattice parameters,  Crystal system

3. Types of Crystal structures (Spacial Lattice)

4. Density

5. Crystallographic Position, Direction and Plane

6. Close packed crystal structures

7. Types of solids: Single crystal / Polycrystalline / Amorphous
Problems：
1、How do atoms assemble into solid structures?
2、How does the density of a material depend on its structure?

3、Do material properties vary with the sample orientation?
Chapter Four  Imperfections in solids
   课时：1周，共3课时

Content:
1. Introduction of Defects

2. 0D, Point Defects: vacancies, self-interstitials, impurities, Schottky defect, Frenkel defect

3. 1D, Linear Defects, Dislocations: edge, screw, mixed

4. 2D, Planar Defect: Grain Boundaries, External Surface, Twin boundary, tilt & twist

5. 3D, Bulk or Volume Defects: Pores, Cracks 
6. Microscopy Techniques
Problems：
1. What types of defects arise in solids?

2. Can the number and type of defects be varied and controlled?

3. How do defects affect material properties?

4. Are defects undesirable?

5. How do point defects in ceramics differ from those in metals?

6. In ceramics, how are impurities accommodated in the lattice and how do they affect properties?
Chapter Five  Diffusion

   课时：1周，共3课时

Content:

1. Introduction of diffusion
2. Diffusion mechanisms
·  Vacancy diffusion 
·  Interstitial diffusion
3. Mathematics of diffusion
·  Steady-state diffusion (Fick’s first law)
·  Nonsteady-State Diffusion (Fick’s second law)
· Thermally Activated Process 
4. Factors that influence diffusion
·  Diffusing species
·  Host solid
·  Temperature
·  Microstructure
Problems：
1. How does diffusion occur?

2. How do atoms move through solids?

3. Why is it an important part of processing?

4. How can the rate of diffusion be predicted for some simple cases?

5. How does diffusion depend on structure and temperature?

Chapter Six  Mechanical Properties
   课时：1周，共3课时

Content:

1. Introduction
2.  Stress and Strain 
a)  Tension
b)  Compression
c)  Shear 
d)  Torsion
3.  Elastic Deformation
4.  Plastic Deformation
· Yield Strength
· Tensile Strength
· Toughness
· Ductility
· Resilience
· Hardness
Problems：
1. Stress and strain: What are they and why are they used instead of load and deformation?

2. Elastic behavior:  When loads are small, how much deformation occurs?  What materials deform least?

3. Plastic behavior:  At what point do dislocations cause permanent deformation?  What materials are most resistant to permanent deformation?

4. Toughness and ductility:  What are they and how do we measure them?
5. Ceramic Materials: What special provisions/tests are made for ceramic materials?
Chapter Seven  Deformation and strengthening Mechanism
   课时：1周，共3课时

Content:

· Introduction
·  Dislocations and Plastic Deformation
·  Motion of dislocations in response to stress
·  Slip Systems
·  Plastic deformation in Single Crystals & Polycrystalline Materials
·  Strengthening mechanisms
·   Grain Size Reduction
·   Solid Solution Strengthening
·   Strain Hardening 
·  Recovery, Recrystallization, and Grain Growth

Problems：
1. Why are dislocations observed primarily in metals and alloys?
2. How are strength and dislocation motion related?

3. How do we increase strength?

4. How can heating change strength and other properties?

Chapter Eight  Fracture

   课时：1周，共3课时

Content:

· Introduction
·  Ductile vs. brittle fracture 
·  Principles of fracture mechanics 
·  Stress concentration 
·  Impact fracture testing 
·  Fatigue (cyclic stresses) 
·  Cyclic stresses, the S—N curve
·  Crack initiation and propagation 
·  Factors that affect fatigue behavior
·  Creep (time dependent deformation) 
·  Stress and temperature effects 
·  Alloys for high-temperature use 
Problems：
1. How do flaws in a material initiate failure?
2. How do we estimate the stress to fracture?

3. How do loading rate, loading history, and temperature affect the failure stress?

Chapter Nine  Phase Diagrams

   课时：1周，共3课时

Content:

1. Definitions and basic concepts
2. Phases and microstructure
3. Binary isomorphous systems (complete solid solubility)
4. Binary eutectic systems (limited solid solubility)
5. Binary systems with intermediate phases/compounds
6. The iron-carbon system (steel and cast iron)
Problems：

1. When we combine two elements...
2. What equilibrium state do we get?

3. In particular, if we specify...
--a composition (e.g., wt%Cu - wt%Ni), and

--a temperature (T)

then...

    How many phases do we get?

    What is the composition of each phase?

    How much of each phase do we get?

Chapter Ten  Phase Transformation

   课时：1周，共3课时

Content:

1. Kinetics of phase transformations

2. Multiphase Transformations

3. Phase transformations in Fe-C alloys

4. Isothermal Transformation Diagrams

5. Mechanical Behavior

6. Tempered Martensite
Problems：
1. Transforming one phase into another takes time.

2. How does the rate of transformation depend on time and T?

3. How can we slow down the transformation so that we can engineering non-equilibrium structures?

4. Are the mechanical properties of non-equilibrium structures better?
Chapter Eleven  Thermal Processing of Metal Alloys
   课时：1周，共3课时

Content:

1. Annealing, Stress Relief

2. More on Heat Treatment of Steels

3. Precipitation Hardening
4. Designer Alloys: Utilize heat treatments to design optimum microstructures and mechanical

5. properties (strength, ductility,hardness….)

6. Strength in steels correlates with how much martensite remains in the final structure

7. Hardenability: The ability of a structure to transform to martensite

8. Precipitation hardening
Chapter Twelve  Electrical Properties

   课时：1周，共3课时

Content:

1. Basic laws and electrical properties of metals

2. Band theory of solids: metals, semiconductors and insulators

3. Electrical properties of semiconductors

4. Electrical properties of ceramics and polymers

5. Semiconductor devices
Problems:
1. How are electrical conductance and resistance characterized?

2. What are the physical phenomena that distinguish conductors, semiconductors, and insulators?

3. For metals, how is conductivity affected by imperfections, T, and deformation?

4. For semiconductors, how is conductivity affected by impurities (doping) and T?

Chapter Thirteen  Structure and Properties of Ceramics & Application and Processing of Ceramics
   课时：1周，共3课时

Content:

1. Crystal Structures

2. Silicate Ceramics

3. Carbon

4. Imperfections in Ceramics
5. Short review of glass/ceramics applications and processing

Chapter Fourteen  Polymer Structure
   课时：1周，共3课时

Content:

1. Hydrocarbon and Polymer Molecules

2. Chemistry of Polymer Molecules

3. Molecular Weight and Shape

4. Molecular Structure and Configurations

5. Copolymers

6. Polymer Crystals
Chapter Fifteen  Corrosion and Degradation
   课时：1周，共3课时

Content:

1. Corrosion of Metals

2. Corrosion of Ceramic Materials

3. Degradation of Polymers

Problems：
1. Why does corrosion occur?

2. What metals are most likely to corrode?

3. How do temperature and environment affect corrosion rate?

4. How do we suppress corrosion?

Chapter Sixteen  Magnetic Properties
   课时：1周，共3课时

Content:

1. Basic Concepts
2. Diamagnetism and Paramagnetism

3. Ferromagnetism

4. Antiferromagnetism

5. Domains and Hysteresis

6. Magnetic Anisotropy

7. Soft Magnetic Materials

Chapter Seventeen  Thermal and Optical Properties
   课时：1周，共3课时

Content:

1. Heat Capacity
2. Thermal Expansion

3. Thermal Conductivity

4. Thermal Stresses

5. Optical Properties of Metals

6. Optical Properties of Nonemetals

考核方式 Assessment Methods：Exams, Exercise, Presentation
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