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PREFACE

The aim of this book is to familiarize the reader with the practical
aspects of polymer analysis. A wealth of practical detail, including
some detailed methods is included. The book covers not only the analysis
of the main types of polymers and copolymers now in use commercially,
but also the analysis of minor non-polymeric components of the polymer
formulation, whether ‘they be deliberately added, such as processing
additives, or whether they occur adventitiously, such as moisture and
residual monomers and solvent. A broad scheme for the examination of
polymers is discussed in Chapter 2.

Practically all of the major newer analytical techniques and many of
the older classical techniques, have been used to examine polymers and
their additive systems. As so many different polymers are now used
commercially it is alap advisable when attempting to identify a polymer to
classify it by first: ‘geparating it into pure polymeric and gross non-
polymeric fractions ((‘,hgpter 2) and then carrying out at least a
qualitative elemental an’avlysis and possible a quantitative analysis
(Chapters 3 and 4) and then in some cases, depending on the elements
found, to carry out functional group analysis (Chapters 6 and 9). If a
simple qualitative identificatxpn of the plastic is all that Is required
then it is examined by finger printing techniques, as discussed in Chapter
4, 1n order ascertaiq whether “a_ gquick identification can be made by
comparing its infrared or NMR spetrum, its pyrolysis-gas chromatography
pattern or its thermal behaviour with those of authentic specimens of
known polymers.

Frequently, however, the identification of a polymer, especially
copolymers or terpolymers, is not as simple as this, and it is necessary
to obtain a detailed picture of the microstructure of the polymer before
an identification can be made.

Examination of polymer microstructure can. pe an aaaitional means of
identifying the polymer or it can be a means of helping to explain
particular chemical or physical features of the “polymer. In the latter
case the type of polymer might already be known but we are looking for
structural detail that will explain these properties such as tacticity,
geometrical isomerism, regeoisomerism or the types of unsaturated
structures, end-groups and branching present; (Chapter 10}. In copolymers
and terpolymers measurements can be made of comonomer ratic and monomer
unit sequences in addition to the measurements discussed above (Chapter
9)., Techniques that might be used in addition to elemental and functional
group analysis, include spectroscopic techniques such as infrared, NMR,
PMR, and systematic investigations _by pyrolysis-gas chromatography.
Examination for the type of unsaturation present, the nature of side-chain
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groups and end-groups, the presence of oxygenated groups such as carbonyl
and whether they are macro or micro constituents will all assist in
building up a picture of the polymer structure. In many cases,
considerable experience and innovative skills are required by the analyst
in order to successfully identify polymers by these techniques, and it is
hoped that this book will assist the analyst in developing such skills.

Examination for non-polymeric processing additives, monomers,
oligomers, residual volatiles, water and catalyst remnants are discussed
in Chapter 5.

In Chapter 6 1is discussed the fractionation of polymers using
classical techniques and more recently developed techniques such as hplc,
size exclusion chromatography and supercritical filuid chromatography.
Some of these techniques also provide molecular weight data which is
discussed further in Chapter 7.

Other polymer physical properties which are discussed include
thermal, oxidative or photo-oxidative stability, its combustion
properties, measurement of glass transition temperature and other
transitions, measurements of crystallinity and melting temperature and of
polymer lifetimes under service conditions, (Chapters 11-13).

The book gives an up-to-date and thorough exposition of the present
state of the art of polymer analysis and, as such should be of great
interest to all those engaged in this subject in industry, university,
research establishments and general education. It is also intended for
undergraduate and graduate chemistry students and those taking courses in
plastics technology, engineering chemistry, materials science and
industrial chemistry. It will be useful reference work for manufacturers
and users of plastics, the food and beverage packing industry, the
engineering plastics industry, plastic components manufacturers, and those
concerned with pharmaceuticals and cosmetics.

Before proceeding to the first two chapters, which deal respectively
with the determination of elements and functiogal groups, it would be
interest in Chapter 1 to discuss briefly the various types of polymers -
used commercially, and their properties and applications.

T. R. Crompton
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