MAT 408 Introduction to Ceramics

2020 Fall

Lectures, Discussions and (processing) Labs related to Ceramic materials

Instructor:
Dr. Mehmet Ali Gulgun 

(office hours: xxx ) FENS 2055

TA:


Sorour Parapari Semsari and Amin
Course Text:

Lecture notes 

excerpts from
Physical Ceramics by Chiang et al.



Introduction to Ceramics by Kingery et al.

Ceramic Materials by CB Carter and MG Norton



Introduction to Glass Sci. and Technology by Shelby

Recommended textbooks are:

Physical Ceramics (1997), by Y-M. Chiang, D. Birnie III, and W. D. Kingery, Wiley MIT Series

Introduction to Ceramics (1976), by W. D. Kingery, H. K. Bowen, and D.R. Uhlmann, Wiley Interscience

Ceramic Materials:Science and Engineering (2007), by C.B. Carter and M. G. Norton, Springer

J. S. Reed, Principles of Ceramics Processing, Wiley Interscience, 1995.
Meeting times:
Mondays MAT 408 Class 08:40 pm-10:30 pm FENS G035



Thursdays  MAT 408 Class 08:40 am-09:30 pm FENS G035
Meeting place:

Labs will be to be arranged
Important Dates:




Midterm I 

end of October



Midterm II

end of November
Midterm III

end of December
Grading:

30 % Midterms 




20 % Homeworks and quizzes
Contents:

Structure of ceramics (weeks 1-2)





History of ceramics and Cement





Atoms, bonds, stability and coordination

Crystalline structures (Review of ENS205 knowledge)





Oxide structures






Covalent ceramics






Silicates






Clays






Polymorphism





Structure of glass (weeks 2-3)






Network formers vs. network modifiers






Properties of glasses





Commercial glass compositions






Key players in commercial glass and their job






Miscibility gap





Raw materials




Defects in Ceramics (weeks 5-6)






Point, line and planar defects





Intrinsic versus extrinsic defects






Describing defects : Kroger – Vink Notation






Association of defects and defect pairs






Interaction of defects






Electronic structure




Transport Phenomena (weeks 7-8)






Atomic Mobility







Diffusion: A thermally activated process







Types of diffusion






Electrical Transport









Ionic versus electronic conductivity


Phase equilibria (optional)



Development of microstructures in ceramics (9-11)





Surface tension and energy





Curved surfaces, grain boundaries





Solute segregation and phase separation

Wetting and dihedral angles

Nucleation





Sintering and vitrification






Liquid phase sintering






Stages of sintering





Grain growth and coarsening






Grain boundary migration


Contents:

Properties of Ceramics  (12-14)





Thermal properties and stresses

Plastic deformation and creep

Strength and toughness






Brittle fracture






Fracture toughness and stresses concentration





Toughening ceramics





Dielectric properties






Dielectric constant and loss factor






Dielectric strength






Ferroelectric ceramics

Magnetic properties

Ferrites : hard and soft




Optical properties

Refractive index and dispersion

Reflectance

Opacity and translucency

Absorption and color

