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Classical and statistical thermodynamics. Equilibrium state and phase diagrams.
Behavior of gases and solutions. Chemical reaction. Free energy. Empirical kinetics. Kinetics of ideal
systems. Non- isothermal reactions. Thermal analysis techniques. Crystallization.  Transport

phenomena of materials.
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(Materials Characterization in Research)
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Principle of x-ray diffractometry. Applications of x-ray diffractometry in researches. Hands-
on practice in x-ray diffractometer operation. Principle of scanning electron microscope. Applications
of scanning electron microscope in researches. Qualitative and quantitative chemical analysis by
energy dispersive spectroscopy. Hands-on practice in scanning electron microscope operation.
Principle of transmission electron microscope. Sample preparation for transmission electron
microscope. Principle of electron diffractometry. Structural analysis of materials by electron

diffractometry.
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Principles of corrosion. Forms and mechanisms of corrosion. Corrosion prevention by

cathodic protection and coatings. Materials selection and design.  Corrosion testing methods.

Corrosion failure analysis.
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Physical and chemical principles of ceramic superconductors, ceramic conductors,
dielectric ceramics, as well as other modern functional ceramics, which include a coverage of
piezoelectric, pyroelectrics ferroelectrics, and mutiferroic materials. Synthesis, forming processes, and
characterization of electroceramic materials. Relationship among structure, processing,

microstructure and electrical properties of ceramics. Applications of electroceramic materials.
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(Crystallography of Materials)
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Crystal structures concepts. Crystal structures classifying. Symmetry in crystal structures.
Relationships between crystal structures and mechanical, electrical, optical, and magnetic properties

of materials.
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Selections of materials for high temperature applications. Mechanical and physical

behaviors of refractory metal and alloys. Ceramics and ceramic matrix composites in refractory

technology. Thermal barrier coatings in space vehicles and satellites.
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(Nanoengineering)
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Definition, history and advances in nano-scale science and engineering. Characterization
techniques and properties of nano-scale materials. Production processes, applications and examples

of nano-scale devices, emphasizing the relationship between structures, properties and applications.
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Selected topics in materials engineering at the master’s degree level. Topics are subject

to change each semester.
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Study and research in materials engineering at the master’s degree level and compile

into a written report.
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Principles of x-ray diffraction, x-ray spectrometry, scanning electron microscopy,
transmission electron microscopy, atomic force microscopy, dilatometer, differential scanning

calorimetry, thermogravimetric analysis, differential thermal analysis, differential mechanical analysis

and synchrotron-based techniques. Application of material characterization in industrial innovations.
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(Modern Metallurgy)
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Roles of metals in modern world. Metallurgy for energy saving and environmental
friendly. Phase transformation. Imperfection and properties in metals. Nanocrystalline and
amorphous metals.Intermetallics. Superalloys and light-weight metals. Functional alloys. Advanced

manufacturing techniques of metals and alloys.
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(Advanced Crystallography of Materials)
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Types and symmetry of crystal structures. Diffraction. Structure factor. Reciprocal lattice.

Ewald sphere. Crystal orientation. Effect of crystal structure on material properties.
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Principle and applications of computer-aided-engineering technology in advanced
materials processing. Dimensional analysis and scaling. Transport phenomena in materials processing.

Finite difference method. Finite element method. Boundary element method.
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(Advanced Research Methods in Materials Engineering)
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Advanced research materials engineering and preparation of research proposal,

application of information technology and computer data processing and retrievals, data analysis,

article writing and presentation, group discussion. Paper preparation for presentation and publication.
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Selected topic in materials engineering at the doctoral degree level. Topics are subject

to change each semester.
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Presentation and discussion on interesting topics in materials engineering at the doctoral

degree level.
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(Special Problems)
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Study and research in materials engineering at the doctoral degree level and compile

into a written report.
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(Thesis)
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Research at the doctoral degree level and compile into a thesis.



