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The macroscopic performance, behavior and properties of a material is 
determined by its microstructure.

Microscopic organization 
and structure 

Chemical compositions of materials

Elemental distribution

Phase and morphology (shape/size/distribution)

Crystal structure

Orientation between each phase/component

Defects
……

It is crucial to study the microstructure of the materials. 



Traditional methods of studying the microstructure and composition of materials

• Optical Metallographic Microanalysis

• Chemical analysis method

Annealed copper 
metallographic structure



Characteristics of traditional analysis methods

Analysis 
methods

Organizational 
morphology

Crystal 
structure

Chemical 
composition

Spatial 
resolution

Operation

Optical 
microscope

Yes No No Low
(0.2 µm)

Easy

Chemical 
analysis

No No Average 
Composition

— Easy

• Optical Metallographic Microanalysis

• Chemical analysis method



X-ray diffraction and electron microscope

• Electron microscope

• X-ray diffraction



Characteristics of different analytical methods
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Syllabus

• Fundamental physics of X-ray
• Direction of X-ray diffraction
• Intensity of X-ray diffraction
• Analysis of polycrystal
• Phase analysis and lattice parameter determination
• Determination of residual stress

• Fundamentals of electron optics
• Transmission electron microscope
• Electron diffraction
• Scanning electron microscope
• Electron micro probe analyzer
• Other analysis methods (Infrared spectroscopy, Raman spectroscopy, Ultraviolet–

visible spectroscopy ) 

Midterm exam

Final exam



Course objective

• Know the basic knowledge, skills and theoretical foundation of modern material analysis 
and testing techniques such as X-ray diffraction (XRD), transmission electron microscopy 
(TEM) and scanning electron microscopy (SEM), and have the ability to select material 
analysis methods and testing methods;

• Have a preliminary foundation for professional material analysis and testing work;
• Possess the self-learning ability to study new methods and technologies of material 

analysis through continuous learning and cultivate the scientific research ability of 
selecting modern analysis techniques in order to carry out the relationship between 
material composition, structure and performance.

Grading

• Homework (40%) + Midterm exam (30%) + Final exam (30%)

Tutors:
WANG Manshi mswang@mae.cuhk.edu.hk
HOU Tingting tthou@mae.cuhk.edu.hk
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