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- ABSTRACT

The studies reported in this thesis‘ have been made on fibres and films produced

from poly(ethylene terephthalate) (PET) and aré mainly concerned with inter-relationships
" between structure and properties. The starting samples used for these studies were
filaments spun at speeds ranging from 10 to 5500 m/min and film cast at 10 m/min.
Some of these products were uniaxia{lly stretched to various extents at different strain

rates and‘ temperatures in air or in water. A wide spectrum qf structures and

morphologies with different degrees of anisotropy was thus available for studies, which

included : (a) characterisation of the molecular network in the spun filaments and

flow-drawn non- birefringent fiims, (b) thermal shrinkage behaviour of a large number of

samples at elevated temperatures, (c) generation and decay of shrinkage stress when

some of the samples, on which éhrinkage studies were made, are heated at constant

length, and (d) characterisation of crystal defects and residual stress distribution in some

of the highly drawn and heat-set samples. In addition to these investigations on the

samples described above, the effect of annealing on crystallisation and morphological

structure has been studied on a commercial PET drawn yarn. The emphasis in these

studies was on the effects producéd on physical properties when the processing

barameters used in sample preparation are varied. A summary of the principal features

of the investigations made and the main findings is given below.

The molecular networks in PET filaments spun at different speeds and films drawn
under different condifions were characterised by studying their load-elongation behaviour
and then analysing the data in terms of the statistical theory of rubber elasticity. It was
found that the filaments which had been spun from the melit upté take-up speeds of 3000
m/min and flow- drawr, non-birefringent films had rubber-like network with physical

entanglements acting as crosslinks; the entanglement density in the flow-drawn films

(1)



being 2 to 3 times less than that in the as-spun filaments, apparently as a result of
entanglement slippage during flow drawing.

The thermal shrinkage characteristics of undrawn samples and of the samples

.drawn to low draw ratios were found to be predominantly related to disorientation of the
molecules in the amorphous phase which is characteristic of rubber-like network. In
samples of high draw ratio, crystallisation could take place concurrently with shrinkage
and thus affect shrihkage. This was particularly noticeable in samples produced at very
low speeds which showed much lower shrinkage because of rapid crystallisation. These
samples have been shown to havé highly defective crystals and also tiny nuclei,both of
which promote rapid crystallisation which impede shrinkage. The possible reason for the
presence of nuclei and imperfections in the crystals have been discussed.

The generation and decay of shrinkage stress in oriented films and fibres, held at
constant length and then heated to 100 and 220°C, respectively, have been studied. The
stress generation in all samplés has its origin in entropic considerations, viz. dﬁe to the
Coiling tendency of the molecules which results in contractile stress. The decay of stress
has been attributed to disorientation in samples with very low molecular orientation and
low crystallinity and to. crystallisation in samples with high moleéular orientation and low
crystallinityA. In samples with high molecular orientation and high crystallinity, the stress
did not decay with time. The structural basis for these results has been discussed.

The crystal distortion parameter has been measured for a number of oriented
samples produced at different speeds. [t is shown that samples produced at low speeds
have the lowest crystalline content and the most imperfect crystals. The effect of
annealing on crystal perfection has also been studied and it is shown that the crystal
defects migrate out of the crystals on annealing. An analysis of the results in terms of

their structures has been made.

(ii)



The residual stress distribution in fibres produced at different-speeds has been
studied by chemical degradative etching of the fibres. The studies revealed that the
samples produced at low speeds and at low stresses had a very different stress cracking
pattern compared to the sample produced at high speed. The technique has been shown

"to be quite sensitive to residual stress distribution and the possible relationship of the
cracking patterns with sample morphology has been presented.

The effect of annealing temperature between 100 and 250°C on crystallisation and
morphological structure of a commercial, oriented PET yarn has been studied with the
help of small-angle and wide-angle X-ray scattering. The studies assist in gaining an
insight into how crystallisation occurs in different temperature ranges and how the

morphological structure develops in the PET fibres.

(iii)
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