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INTRODUCTION

Explore the capabilities and limitations of computer-based models in meeting design fundamentals and
their use in solving problems in engineering.

e Polymer Introduction:
o Polymer concept.
o Definition of the main terms & polymer classification.
e Molecular Structure:
o Chain structure and molar mass.
o Chain molecule bonds, cohesion, adhesion, solubility and comp

ity.
e Polymer Morphology:
o Amorphous solid state & amorphous polymers.
o Glass transition temperature.
e The Main Types of Polymer Materials:
o Commodity and Engineering Thermoplastics.
o Thermosets.

o Rubber & Elastomers.
e Simple Polymer Identification.
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GUIDANCE

This document is prepared to break the unit material down into bite size chunks. You will see the learning
outcomes above treated in their own sections. Therein you will encounter the following structures;

Purpose

Theory

Example

Challenge

Video

g 0 oeh

Explains why you need to study the current section of material. Quite often learners
are put off by material which does not initially seem to be relevant to a topic or
profession. Once you understand the importance of new learning or theory you will
embrace the concepts more readily.

support the treatments
hyperlinks, which may be

Conveys new material to you in a straightforward fashion
in this section you are strongly advised to follow the gj
useful documents or applications on the web.

The examples/worked examples are presented in a order. Make
sure you follow them all through. If you are feeling con u might like to
treat an example as a question, in which go yourself. Many
of the examples given resemble assignme ill come your way, so

Questions should not be avoidet d to learn. Please do take the
time to tackle each of thegi , in the order in which they are presented.
The order is important, Dwledge and confidence is built upon previous
knowledge and confiden Learner it is important that the answers to
questions are i

nowledge by undertaking the challenges. A challenge
and perform an exercise. An alternative challenge
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Figure 1.3: Simple Representation of Propene

This can then be represented as a repeat unit far more easily.
Consider how the monomer ethylene is turned into the polymer polyethy

he molecules are attracted to each other by Van der
can be quite strong.

The atoms are joined with st
Waal forces and if the chains |

an der Waal Forces

Figure 1.5: Van der Waal Forces Between Molecules
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1.2 Molecular Structure

Overall polymer properties, including melting point, density, stiffness, hardness and strength, can all be
affected by modifying the polymer properties on a molecular level. The molecular properties that can be
modified are: chain length, adding plasticizers, cross linking and crystallinity.

1.2.1 Chain Structure & Molar Mass
The chain length of a polymer is literally the number of the molecules that are chained together. Polymer
chains are usually depicted only in two dimensions, as this is a more useful way to display them on a page,
but they are actually a three-dimensional structure.

In order to calculate the molar mass of an element you i mass by the molar mass
constant (1 gram per mole). The relative atomic mass i ge mass, in atomic units, of

multiplied by the molar mass constant as well as
is found in the form O,, the relative a j is 1579994, this is multiplied by 1 g/mol and then

molar mass constant of 1g/mo en muliply by 6 to give 72.066g/mol. The same is done for the other

elements as sho

Element Relative Atomic Mass Molar Mass
Cs 12.011 72.066

Hio 1.008 10.08

Os 15.999 79.995

Total: 162.141g/mol

162.141g/mol is the molar mass of one ‘repeat unit’ but a polymer is not only one unit, it is made up of
chains of these units, additionally, in polymers, the chains do not often have the same molar mass. So, in
order to find the molecular weight of a polymer sample, it is necessary to do a little more maths! The
molecular weight is determined by the average molecular weight, defined by:

I_‘L'

M=—
J""IF
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The functionality of polymers is defined by the molecular size & structure, its degree of cross-linking or chain
branching, its molecular weight and molecular weight distribution.

The influence of molecular weight of mechanical properties is represented below:

Stiffness/Strength

Molecular weight

Figure 1.8: Influence of Molecular

Other factors are also affected by a change in
molecular weight is increased the stiffness pr asymptotic maximum whilst viscosity and
flow temperature increase. Whilst by increasin weight, the degradation temperature actually
decreases so it is therefore very important to glecular weight that produces the desired
material properties for the finished p i ining ease of manufacture.

ical polymer material, as the

us quid)

temperature ) . )
pe Viscoelastic material

45-100K

Glass transition temperature region

- Commercial grade

Molecular weight, M —>

Figure 1.9: Relationships Between Molecular Weight, Temperature and Properties
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1.3.2 Glass Transition Temperature

Glass Transition Temperature is a key feature of Thermosetting polymers, which is essentially the
temperature range in which the polymer transitions from a rigid or hard ‘glassy’ state to a ‘rubberier’ state
that is compliant and pliable. It is important to note that Glass Transition Temperature (Tg) is not the same
as the Melting Point (Tm). The Tgis not exactly a distinct transition that occurs but rather a range over which
the polymer chains have massively increased manoeuvrability and only happens to polymers in an
amorphous state. However, the common practice is to define the Glass Transition Temperature as the

midpoint of the range, bounded by two flat tangents above and below the midpoint. An example of the
representation of Tg is shown below:
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ure 2.2: T, Graph of a Typical Polymer

The Glass Tra
on asample o

found using Differential Scanning Calorimetry (DSC) and is performed
er th8Rhas been cured fully.

The Tg can be redu
environment, specific

oisture absorption, so during production it is important to consider the
e humidity. It can also be influenced by additives which are often included in
polymers to give different properties to the finished product. Usually polymers with a higher Ty have a better

heat resistance and so consequently, when at high temperature these polymers exhibit the best tensile
properties.

A practical example where the Glass Transition Temperature can be seen to have an effect is within a car,
many dashboards are made of polymer materials with additional plasticizers. Over time, these plasticizers

may evaporate which increases the Tg of the material and results in the dashboard becoming more brittle,
causing cracks.
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1.4 The Main Types of Polymer Materials

There are several main types of polymer used in engineering applications, they include: Commodity &
Engineering Thermoplastics, Thermosets and Rubber & Elastomers. Each have distinctly different properties
and characteristics that can be made use of and tailored to different practical ends.

1.4.1 Commodity & Engineering Thermoplastics
Commodity and Engineering plastic are similar in that their basic form is essentially the same but also differ
in several ways. Engineering plastics are generally utilised in applications that require better thermal
and/or mechanical properties than the commodity plastics. Engineering plastics ace ordinarily produced in
far smaller quantities than commodity plastics because they are rather more e sive and so they are
therefore more likely to be used to make smaller products or for applicatio low vglume. Commaodity
plastics are usually used in high volume operations and across a very lar Ications due to
their versatility and relatively low cost.

synthetic polyamides) and ABS (Acrylonitrile Butadiene Styrene)8
Lego, drain pipes, musical instruments and cases for electrigs

Commodity plastics include Polyethylene, Poly Polystyrene. Polyethylene can be used to
make a variety of common products from plastic gs to cling film, tubing and packaging
material. Polypropylene and Polystyr, rge variety of applications, ranging from low

friction gears, caps for ketchup bottle
beverage containers (respectively).

| as appliances, plant pots and single-use

Another distinct type of poly
as well as very strong, they aré synthetic fibres. This group of polymers includes products
such as ‘Kevlar’ whj y’used in military body armour, marine hull reinforcement and in
bicycle tyres. i p are distinct molecularly because, within the fibre, the chain molecules
are highly orie
which can be
resistance to abrasion and cu
however, sensitive t

mYSpecifically. They have a very high young’s modulus, have good
g, are non-conductive and are resistive to organic solvents. They are
ion from UV radiation and shock load.
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1.4.3 Rubber & Elastomers

Natural Rubber is a highly elastic substance garnered from latex sap, usually of the Hevea and Ficus trees,
this sap is then refined so that it can be used as a practical material. Natural rubber is ‘vulcanised’ in order
to imbue it with favourable properties, when stressed, the material will deform and then revert to its original
shape when the stress is relieved. Natural rubber acts as a highly effective water barrier, has high tensile
strength and resistance to fatigue, maintains low heat generation and is very able to stick to both itself as
well as other materials (this factor makes it very easy to fabricate into different products). It is used across a
variety of applications from medical gloves and condoms to vehicle tyres, balloons, and even in some
adhesives.

There are several synthetic rubbers that are used as alternatives to natural rub, over the years there have

been advancements in synthetic rubber (SR) production and different ma n produced which
have varying properties. SR products are processed and ‘vulcanised’ in th s natural rubber, but
the raw material is obtained via polycondensation or polymerisation of unsa s. This group
of rubbers has better abrasion resistance than natural rubber as well as bette ging resistance.
The mechanical properties are otherwise fairly similar to natu i ed properties such

as being resistant to grease and oil and flame retardant. SR

In general, there are three
Injection moulding.

Extrusion: The r

Compression
then compressed at pressur
required form.

ound a mould and vulcanised, before being released from the mould in the

Injection Moulding: From the raw rubber, sheets are produced as in compression moulding. These sheets
are heated and mixed in a container and then forced at pressure into a mould, steam vulcanised and then
cooled, finally being released from the mould in the desired shape.
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