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Course Guidelines:

1. Introduction to Engineering Materials
2. Bonding and Properties
3. Crystal Structures & Properties
4. Imperfection in Solids
5. Mechanical Properties of Materials
6. Physical Properties of Materials
7. Failure & Fundamental of Fracture
8. Metal Alloys
9. Phase Diagram
10. Phase Transformation – Heat Treatment
11. Processing and Application of Metals
12. Ceramic Materials
13. Polymer Materials
14. Composite Materials
15. Corrosion & Degradation of Materials
16. Environment and Sustainability



Ceramic



Chapter Outline

1. Introduction

2. Types of Ceramics

a) Oxide Ceramic

b) Silicate Ceramic (Silica Glass)
c) Carbon-based Ceramic
d) Carbide Ceramic
e) Nitride Ceramic

3. Properties & Application of Ceramics 

4. Ceramic Fabrication Method



1.0: Introduction

Ceramics:
• Keramikos - burnt stuff in Greek -> desirable properties of ceramics are 

normally achieved through a high-temperature heat treatment process 
(firing).

• Usually a compound between metallic and non-metallic elements.

• Always composed of more than one element (e.g.,Al2O3, NaCl, SiC, SiO2)

• Interaction bond either totally ionic or having some covalent character

General Properties: 
• Generally hard and brittle

• Generally electrical and thermal insulators (exceptions: graphite, diamond, 
AlN… and others)

• Can be optically opaque, semi-transparent, or transparent

• High chemical stability and high melting temperature.



Ceramic

• Divided into 2 categories:

Traditional ceramics:
- primary raw materials is clay.
- example: porcelain, bricks, tiles, 
glasses.

Industrial / Engineering 
ceramics:
- new generation of ceramic.
- example: oxygen sensor, 
electro-ceramic, high temperature 
ceramic, advance ceramic.



Oxide Ceramics
• 2 major types of oxide ceramics: alumina and zirconia

Alumina
 Also known as Aluminium oxide (Al2O3), most 

widely used oxide ceramic.

 High hardness and moderate strength

 Used for electrical and thermal insulation and in 
cutting tools and abrasives

Zirconia (zirconium oxide, Zr2O)

 Has good toughness, good resistance to thermal 
shock, wear, and corrosion, low thermal 
conductivity and a low friction coefficient

 Used for dies for the hot extrusion of metals and 
zirconia beads



• Silicates primarily composed of Si & O ; two most abundant 
elements in the earth’s crust.

• The bulk of soils, rocks, clays, and sand come under the silicate 
classification.  

• The most simple silicate material is Silicon Dioxide, or known as 
Silica (SiO2)

Silicate Ceramics



GLASS
• Glass is a solid substance, with an amorphous (non-crystalline) 

structure, contain at least 50% silica.

• Physically hard, brittle, has resistance to electricity and heat 
transmission as ceramics, but usually transparent. 

• Glass has a smooth, non-porous surface which is resistant to 
chemical attack.



The color in the glass can be obtained by adding 
small amounts of oxide and chromium (green), cobalt 
(blue), nickel (purple or brown) and selenium (red). 
The amber color is obtained with iron, sulfides
and carbon.



Carbon-based Ceramics

Diamond
Graphite

Carbon nanotubes



Diamond

• Diamond is a principal form of carbon with a covalently bonded 
structure

• Extremely hard, low electrical conductivity, high thermal 
conductivity.

• Transparent to visible light

• Has numerous important applications:
1. Cutting-tool materials

2. Abrasives in grinding wheels

3. Dressing of grinding wheels

4. Dies for drawing wire

5. Coatings for cutting tools and dies



Graphite

• Graphite is a crystalline form of carbon having a layered 
structure with close-packed carbon atoms

• More stable than diamond at ambient temperature and 
pressure

• It is weak when sheared along the layers

• It is brittle, has high electrical and thermal conductivity and 
good resistance to thermal shock

Strong covalent bond 
of carbon with three 
coplanar neighbors

weak van derWaal’s
forces between layers



Graphite



Carbon Nanotubes

• Carbon nanotubes is tubular forms of graphite to implement in 
nanoscale devices

• Have high strength, to make into a reinforcing fiber for composite 
materials

• They have very high electrical current carrying capability, which can 
be made as semiconductors or conductors





Carbide Ceramics

• Made of tungsten, titanium and silicon

• Examples of carbides:

1. Tungsten carbide (WC)

2. Titanium carbide (TiC) 

3. Silicon carbide (SiC)

Nitride Ceramics

1. Cubic boron nitride (cBN)

2. Titanium nitride (TiN)

3. Silicon nitride (SiN)



3.0: General Properties and 
Applications of Ceramics

• Ceramics is brittle, has high strength and hardness at 
elevated temperatures, but low thermal and electrical 
conductivity

• They are sensitive to flaws, defects, and surface or internal 
cracks - Crack growth through grains

• Failed by brittle fracture - without the formation of necking 
or any plastic deformation

• The process of brittle fracture consist of the formation and 
propagation of cracks through the cross section of material 
in a direction perpendicular to the applied load.



Mechanical Properties

• Table shows mechanical properties of engineering ceramics



Applications of Ceramics:

EXAMPLE 1

Ceramic Gun Barrels

• Wear resistance and low density of ceramics

• Zirconia chosen due to high toughness, flexural strength, specific 
heat, operating temperature, and very low thermal conductivity

• Barrel is wrapped with a carbon fiber / polymer-matrix composite to 
improve tensile stresses developed during firing



EXAMPLE 2

Ceramic Knives

• Made of zirconium oxide

• Advantages ceramic knives:

1. High hardness and wear resistance

2. Chemically inert, do not stain

3. Lightweight and are easier to use



EXAMPLE 3

Ceramic Ball and Roller Bearings

• Used when high temperature, high speed, or marginally lubricated 
conditions occur



4.0: FABRICATION METHOD





Video glass 
blowing

../../../Videos/Free YouTube Downloader/Making a glass fish replica.mp4




Video – how to make 
a glass window

../../../Videos/Free YouTube Downloader/How Glass is Made.mp4





































