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Description

• Aims

To study the classification of polymers and its properties.

• Expected Outcomes

– Student will be able to describe the classification of polymers

– Student will be able to understand the properties of 

thermoplastic and thermoset

• References

1. William D. Callister and David G. Rethwisch. Materials science 

and enginnering: An Introduction, 9th Ed. Wiley, 2014
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Introduction

Polymer

• A chemical substance which has molecular structure made of 
a repetition units of (mostly) hydrocarbon (C and H) and 
bonded with the following elements with O, N, S, Cl, F, P, or Si.

Poly  = many 

Meros (mers) = part / unit 

T. Kurniawan - Polymeric Materials 3



Why are Polymers so Important? 

• Advantages of polymers: lightweight, can be 
processed in various ways,  high strength to 
weight ratio, and resistant to chemicals

• Many applications such as packaging, 
automotive part, medical equipment, 
electrical component, and electronics part 
made from polymers.
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TYPES OF POLYMERS

Polymers

Thermoplastics 
Polymer

Thermosetting 
Polymer

Elastomers

PlasticsRUBBER
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CHAINS STRUCTURE OF POLYMER

Polymer 
Structure

Linear

Branched

Cross 
Linked

Network
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GENERAL PROPERTIES OF PLASTICS

General 
Properties 
of Plastics

Low density

Require low 
temperature

Lightweight

Easy to 
process

Low melting 
point

Resistance to 
corrosion

Good 
insulator

T. Kurniawan - Polymeric Materials 7



Thermoplastics

Thermoplastics

Polyethylene 
Terephthalate

(PET)

Polypropylene

(PP)

Polyethylene

(PE)

Polyvinyl 
chloride

(PVC)

Polystyrene

(PS)
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PROCESS OF THERMOPLASTICS

Pellets

Heated

Softens

Cooled
Hardens

Heat -> Liquify

Cool -> Solidify
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APPLICATION OF THERMOPLASTICS

• Bottles

• PackagingPET
• Containers

• Plastic bagLDPE
• Toys

• PipeHDPE
• Plastic chair

• HouseholdPP
• CD case

• Foam cupPS
• Pipe

• Electronics equipmentPVC
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Thermosets

Thermosets

Epoxy

Phenolics

Polyimides

Polyester
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PROCESS OF THERMOSET

Liquid

Heated

Softens
Permanently

Hard

A

Resin

B

Hardener
CURE
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APPLICATION OF THERMOPLASTICS

• Bottles

• Packaging
EPOXY

• Containers

• Plastic bag
POLYESTER

• Toys

• Pipe
PHENOLIC

• Plastic chair

• Household
POLYIMIDE
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COMPARISON TP & TS

TP

Form by 
addition 
polymer

Long chain 
linear 

polymer

Can be 
reshaped

Soft, less 
brittle and 
less  strong

Require high 
temperature

Soften on 
heating and 

stiffen on 
cooling

Lightweight

TS

Formed by 
condensation 

polymer

Three 
dimensional 

network

Cannot be 
reshaped

Brittle, hard 
and strong

Can be 
processed at 

room 
temperature

Do not soften 
on heating

Higher weight
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POLYMER PROCESSING

Thermoplastics

Blow molding

Compression molding

Blow molding

Extrusion molding

Thermoforming

Thermoset

Compression Molding

Wet lay-up

Filament winding

Pre-pregs

Pultrusion
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