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Chap. 15: Characteristics & Applications of Polymers

ISSUES TO ADDRESS
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15.2 Stress Strain Behavior of Polymers

Themechanical characteristics of polymers are highly sensitive to the rate of
deformation (strain rate), the temperature, and the chemical nature of the
environment (the presence of water, oxygen, organic solvents, etc.).

Callister & Rethwisch 9e.
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Influence of T and Strain Rate on Thermoplastics

Themechanical characteristics of polymers are much more sensitive to
temperature changes near room temperature.

Increasing temperature produces

Decreasing the strain rate has
the same influence on the stress
strain characteristics as
increasing the temperature.

Callister & Rethwisch 9e.

44 SCHOOL OF MECHANICAL ENGINEERINGLECTURER: PROF. SEUNGTAE CHOI

15.3 Macroscopic Deformation

Callister & Rethwisch 9e.

Callister & Rethwisch 9e.
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15.4 Viscoelastic Deformation

Twomain types of ideal materials

Viscoelasticity
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15.4 Viscoelastic Deformation

Creep behavior Stress relaxation behavior
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Mechanical Model of Viscoelastic Materials

Viscoelastic behavior can be described by mechanical models constructed
using elastic springs and viscous dashpots
Elastic springs follow Hooke’s law: = E
Viscous dashpots follow Newton’s law of viscosity: = t)
Modelling of viscoelastic materials
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Callister & Rethwisch 9e.
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15.5 Fracture of Polymers

Themode of fracture in thermosetting polymers (heavily crosslinked
networks) is brittle.
For thermplastic polymers, both ductile and brittle modes are possible.
Craze formation prior to cracking in thermoplastic polymers

Callister & Rethwisch 9e.
Polymers and Their Properties Fundamentals of Structure

and Mechanics

Callister &
Rethwisch 9e.
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Mechanisms of Deformation

Brittle Crosslinked and Network Polymers

Callister & Rethwisch 9e.
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Mechanisms of Deformation

Semicrystalline (Plastic) Polymers

Callister & Rethwisch 9e.

Callister & Rethwisch 9e
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Predeformation by Drawing

Drawing… (ex: monofilament fishline)

Results of drawing:

Annealing after drawing...

Contrast to effects of cold working in metals!

Callister & Rethwisch 9e
Polymer

Materials Science
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Callister &
Rethwisch 9e.

Callister &
Rethwisch 9e

Mechanisms of Deformation

Elastomers

Compare elastic behavior of elastomers with the:
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15.13 & 14 Melting & Glass Transition Temperatures

What factors affect Tm and Tg?
Both Tm and Tg increase with increasing
chain stiffness.
Chain stiffness increased by presence of

Regularity of repeat unit arrangements
– affects Tm only

Callister & Rethwisch 9e.
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15.15 Plastics
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15.15 Plastics
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15.15 Plastics
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15.17 Fibers

Fibers: length/diameter >100
Primary use is in textiles.
Fiber characteristics:

Formed by spinning
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15.18 Miscellaneous Applications

Coatings – thin polymer films applied to surfaces – i.e., paints, varnishes

Adhesives – bonds two solid materials (adherands)

Films – produced by blown film extrusion
Foams – gas bubbles incorporated into plastic
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Ultrahigh Molecular Weight Polyethylene (UHMWPE)
Molecular weight ca. 4 x 106 g/mol
Outstanding properties

Important applications

15.19 Advanced Polymeric Materials

Callister 7e.
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15.19 Advanced Polymeric Materials

Callister & Rethwisch 9e.

Callister & Rethwisch 9e.
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Conducting Polymer Electrodes

Conductivity
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PEDOT:PSS & Polyaniline

PEDOT:PSS PANi (Polyaniline)
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Functional Polymer Films

SiSi

Key features of polymer films

•
•
•
•
•
•
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Future of functional polymers

Passive materials

Active elements

Micromechanics for Flexible Macroelectronics


