
Chapter 15:
Characteristics, Applications, 
and Processing of Polymers

Chapter Notes



15.1 Introduction

• Mechanical Behavior of Polymers
• Mechanisms of Deformation and for Strengthening of Polymers
• Crystallization, Melting, and Glass-Transition Phenomena in Polymers
• Polymer Types
• Polymer Synthesis and Processing



Mechanical Behavior of Polymers

• Stress-Strain Behavior
• Macroscopic Deformation
• Viscoelastic Deformation
• Fracture of Polymers
• Miscellaneous Mechanical Characteristics



15.2 Stress-Strain Behavior

• Mechanical properties are classified 
similar to metals:

• Modulus of elasticity
• Yield
• Tensile strength

• Stress-strain test is useful
• Polymer properties are highly 

sensitive to:
• Rate of deformation
• Temperature
• Environment (surrounding 

atmosphere)





15.2 Stress-Strain Behavior

• Similar to metals:
• Modulus of elasticity (a.k.a. tensile 

modulus, or modulus)
• Ductility 
• σy – maximum yield strength
• TS – Tensile strength 

• TS may be > or < σy





15.2 Stress-Strain Behavior
• Different from metals

• Modulus is much lower than metals 
• 7MPa to 4GPa – polymers
• 48 to 410 GPa - metals

• TS – much lower as well
• 100 MPa – polymers
• 4100 MPa – metals

• Polymers are more elastic
• Metals rarely elongate plastically more than 100%
• Highly elastic polymers elongate greater than 1000%

• Polymers are sensitive to temperature (close 
to 25°C)

• Plexiglass has a significant change in elasticity 
between 4 – 60 °C, from brittle to ductile.

• Strain rate (SR) has the same effect as 
temperature. Lower SR behaves like high 
temperature.



Concept Check!!!

• What is the difference between Stress 
and Strain?

• Explain on this curve where each of the 
following items is:

• Modulus of elasticity
• Yield strength
• Tensile strength
• Maximum yield strength



15.3 Macroscopic Deformation

• Upper yield strength
• Necking Starts

• Lower yield strength
• Necking continues in the rest of 

the gauge length





Concept Check!!!

• What is ductility? How is it 
defined numerically?

Memory Device



15.4 Viscoelastic Deformation

• Amorphous polymer
• Solid below glass transition
• Viscous liquid at high temperatures 

past glass transition
• Viscoelastic material at 

temperatures above the glass 
transition

• Think Silly Putty!
• Relaxation Modulus







15.4 Viscoelastic Deformation

• Viscoelastic Creep
• The material strains under constant 

stress over time
• This can happen even at low 

temperatures and at stress less 
than yield strength.

• Tiers can develop flat spots if parked 
for a long period!



Concept Check!!!

• An amorphous polystyrene that is 
deformed at 120°C will exhibit which 
of the behaviors shown in the figure? 
(b, c, or d)



15.5 Fracture of Polymers

• Thermosetting polymers
• Brittle Fracture, occurs at structural 

flaws

• Thermoplastic polymers
• Both ductile and brittle
• Brittle fracture more likely when:

• Low temperature
• Increased strain rate
• Presence of sharp notch
• Increased specimen thickness
• Any molecular structure that raises Tg



15.5 Fracture of Polymers

• Thermoplastic polymers
• Crazing

• Fibrillar bridge
• Micro-void
• Crack
• Crazing is not cracking because it can 

still support a load across the face.
• Makes polymers more resistant to 

fracture failure





Concept Check!!!

• What types of polymers form crazes? Why?



15.6 Miscellaneous Mechanical 
Characteristics
• Impact Strength

• Izod or Charpy Tests used.
• Low temperatures = brittle
• Semicrystalline and amorphous 

polymers have low impact strength
• Fatigue

• These tests are done the same on 
polymers as with metals.

• Fatigue limits
• Tear Resistance

• Same as metals, but weaker
• Rockwell, Durometer, Barcol Fatigue Curves
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