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¢ Types of Structure
e Property Comparison
e Processing

¢ Tooling

Participant's Notes:

ST EF(M

o L Al dy W

GE Plastics

Properties of Polymers Depend Upon:

e Chemical Composition of the
Monomers

e Shape and Length of the
Polymer Chains

¢ Alignment of the Polymer Chains
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Introduction

Chemical composition
affects properties.
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Polymer Structure

As a group, thermoplastic materials have very distinct structural
characteristics that make them different from other materials. But
there are structural differences between certain thermoplastic mate-
rials as well. Module 2 explores the difference between amorphous
and crystalline resins, and describes how this structural difference

- will affect processing and tooling. In discussing polymer structure,

we’ll also define glass transition temperature and melting tempera-
ture - two very important concepts. STK 201

Objectives:
At the end of this module, participant should be able to:
e Describe differences between amorphous and
crystalline polymers.
 Compare the properties of amorphous and crystalline

polymers.
® Define T and T,,.

® Describe the behavior of amorphous polymers vs
temperature.

e Describe the behavior of crystalline polymers vs
temperature.

¢ Describe the implications of structure on processing
and tooling.
® Identfy which resins you are working with that are
crystalline and which are amorphous.
- Identify T of the amorphous resins.
- Identify T, and T, of the crystalline resins.

Factors That Affect Properties

The chemical composition of the polymer molecule determines the
properties of the resin. Polyethylene, for example, has different
properties than polypropylene. Polyethylene is made up of ethylene
monomers, while polypropylenc is made up of propylene mono-

mers. The chemical composmon of the monomers makes each
unique. _ STK 202
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Polymer

A Chemical Compound Formed by Many
Monomers Linking to Form Larger Molecules
That Contain Repeating Structural Units
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Properties of Polymers Depend Upon:

e Chemical Composition of the
Monomers

e Shape and Length of the
Polymer Chains

e Alignment of the Polymer Chains
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A polymer is formed by

many monomers linking
to form larger

molecules.

Shape of polymer chains
affect polymer
properties.
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Polymer

A polymer is a chemical compound formed by many small molecular
units linking together to form a large, chain-like molecule. You can
imagine the polymer molecule as a long strand of pearls and each
pearl asa tiny structural unit referred to asa monomer. Each polymer
molecule contains thousands of monomers. STK 203

Properties of Polymers Depend upon:
In addidon to chemical composition, polymer properties alsoc de-
pend upon the shape of the polymer chains. Polymers can be either
linear or branched depending on the catalyst used. Branching affects
the flow characterstics of the material. For example, high density
polyethylene, a resin built of a linear polymer, flows very easily and is
suitable for most injection molding applications. Low density poly-
ethylene is built of branched polymers and consequently flows more
stiffly, making it more suitable for blow molding and extrusion.
STK 204

M-PLA~0117-STE~-MOD 2-12/89-00-5



STK 205

GE Plastics

Spaghetti-like Structure
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Properties of Polymers Depend Upon:

e Chemical Composition of the
Monomers |

e Shape and Length of the
Polymer Chains

e Alignment of the Polymer Chains

Participant's Notes:
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Spaghetti-like Structure
Very long molécules create a structural mass of bending and twisting

Random alignment and molecules thatresembles cooked spaghetti-arandom entanglement
entanglement of polymer of polymer chains collapsing in on themselves and their neighbors.
chains. . STK 205

Properties of Polymers Depend upon:

We have briefly reviewed how polymer properties are affected by the
Alignment affects certain chemical composition and shape of the polymer chains. During this
polymer properties. module, we will focus on learning how the alignment of the polymer

chains determines certain polymer properties. STK 206
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, STK 207
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Polymer Morphology
Refers to the Structure
of the Polymer Material
e Amorphous
e Crystalline
2
Participant's Notes:
STK 208
GE Plastics

Amorphous Model

CAVONAT

A Random Entanglement
of Polymer Chains

Participant's Notes:
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Types of Polymer Structure

Structure Polymer morphology refers to the structure of the material. The way

the molecular chains align themselves determines the structure of
Polymer morphology the polymer. Polymers can be either amorphous or crystallirie.
defines physical : : STK 207
structure. ' C

Amorphous Model

“Amorphous” literally means without structure. Amorphous poly-
Amorphous structure has mers are characterized by the randomness of their entangled poly-
no order. mer chains. This simple model depicts an amorphous structure.

\ ' STK 208
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Crystalline Model

Areas of Order in which
Molecular Chains Lie Side by Side
in a Regular Fashion

Participant's Notes: _
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- Crystalline Polymers
Are Actually Semi-Crystalline

=

Regions of Crystallinity in an
Otherwise Amorphous Mass

Participant's Notes:
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Crystalline Model ‘ _
Crystalline polymers, on the other hand, contain areas of order in

Some polymers develop which the molecular chains lie side-by-side in a regular fashion.
areas of order called These regions of order where the molecular chains line up and lie
crystals. tightly together are sometimesreferred to as “crystals.” The presence
of these crystals is referred to as crystallinity. This simple model
depicts the structure of a crystal. STK 209

Crystalline Polymers Are Actually Semi-crystalline
Crystalline polymers are not crystalline throughout, but contain
Semi-crystalline polymers regions of crystallinity in an otherwise amorphous mass. Still, due to

actually contain the presence of crystallinity, they are considered to be crystalline in
amorphous and structure as opposed to amorphous. This simple model depicts
crystalline regions. crystallinity in an amorphous mass.

STK 210
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