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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



Polymers



Chapter Outline

1. Introduction

2. Thermoplastics, Thermosetting, Elastomer Polymers (Rubbers)

3. The Structure of Polymers

4. General Properties & Application of Polymers

5. Fabrication of Polymer



WHAT YOU SHOULD KNOW…

• Plastics is a synonym for polymers

• They have large molecules (macromolecules or giant molecules)

• Mer is the smallest repetitive unit

• Polymers are long-chain molecules that are formed by polymerization -
Monomers linked into polymers in repeating units

• Advantages of polymers: low cost, corrosion resistance, low electrical 
and thermal conductivity, low density, high strength-to-weight ratio, 
noise reduction and ease of manufacturing



1.0: Introduction



Copolymers and Terpolymers

 Repeating units in a polymer chain are all of the same 
type is called a homopolymer

 Copolymers contain two types of polymers

 Terpolymers contain three types

alternatingcopolymer



Thermoplastics

• Soften when heated (eventually liquefy)

• Harden when cooled

• Reversible processes and may be repeated (heating/cooling)

• Examples (Polypropylene, Polyethylene)

Thermosetting 

 Network polymers (cross-linking)

 Permanently hard after formation

 Non-reversible processes (heating/cooling)

 Examples (Epoxy)

2.0: CLASS OF 
POLYMERS



Elastomers (Rubbers)

• Elastomers consist of amorphous polymers having a low glass-
transition temperature

• They undergo large elastic deformations without rupture

• They are soft and have a low elastic modulus

• They stretch but return to their original shape after the load is 
removed



3.0: The Structure of Polymers







Linear Polymers

• Chainlike polymers are called linear polymers to sequential structure

• Are those in which the repeat unit are joined together end to end in 
single chain

• May have extensive van derWaals and hydrogen bonding between the 
chains



Branched Polymers

• Are those in which the side-branch chains are connected to the main 
chain

• The branches may result from side reactions that occur during the 
synthesis of polymer



Cross-linked Polymers

• Are those in which the adjacent linear chains are joined one to anther 
at various positions by covalent bond 

• The process of crosslinking is achieved either during synthesis or by a 
non-reversible chemical reaction

• Polymers with a cross-linked structure are called thermosets or 
thermosetting plastics



Network Polymers

• Are those in which the chains are connected in three dimensional 
networks by covalent bond

• Polymer that is highly crosslinked which are regarded as a network 
polymer
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Crystallinity in Polymer

• Crystals are formed when the long molecules arrange themselves in 
an orderly manner



• As crystallinity increases, polymers become stiffer, harder, less ductile, 
more dense, less rubbery, and more resistant to solvents and heat





• At low temperatures, polymer are hard, rigid, brittle, and glassy

• At high temperatures, they are rubbery or leathery

The Terms:

• Melting temperature, Tm
• Transformation solid (ordered structure) to liquid (highly random)

• The Glass Transition Temp, Tg

• Transition form rigid to rubbery state.
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• Elastomer is capable of recovering substantially in shape and size 
after the load has been removed

• A rubber is capable of recovering from large deformations quickly

• Hardness of elastomers increases 
with the cross-linking of the 
molecular chains



Natural Rubber

• Base for natural rubber is latex

• Has good resistance to abrasion and fatigue, and high friction, low 
resistance, to oil, heat, ozone, and sunlight

Synthetic Rubbers

• Have better resistance to heat, gasoline, and chemicals, higher 
range of useful temperatures

• Ex: Polybutadiene rubber



Properties & Application of 
Polymers











Thermal and Electrical Properties

• Plastics has low thermal and electrical conductivity, low specific 
gravity, high coefficient of thermal expansion and low electrical 
conductivity

• Electrical conductivity can be increased by doping

• Electrical conductivity of polymers increases with moisture 
absorption



Effects of Temperature

• When above Tg thermoplastic polymer becomes leathery and
rubbery

• At higher temperatures it becomes a viscous fluid

• Viscosity also decreases with increasing temperature



Effect of Rate of Deformation

• When deformed rapidly, behavior of thermoplastics is similar to 
metals

• Thermoplastics can undergo large uniform deformation in tension 
before fracture



Effect of Water Absorption

• Some polymers has ability to absorb water (hygroscopic)

• Water acts as a plasticizing agent and makes the polymer more 
plastic

• With increasing moisture absorption, the Tg, yield stress, and elastic 
modulus of the polymer are lowered



Additives in Plastics

• To impart certain specific properties, polymers are compounded 
with additives

• Plasticizers are added to polymers to impart flexibility and softness

• Ultraviolet radiation and oxygen cause polymers to degrades and 
becomes stiff and brittle

• Fillers improve strength, hardness, toughness, abrasion resistance, 
dimensional stability

• Lubricants added to reduce friction














