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The exceptional properties and the consequent
extensive applications of Kevlar fibres are well
known [1]. Some of the applications utilize the high
tensile modulus of the fibres and other applications
depend on the high tensile strength. It has been
observed that exposure to thermal environments can
introduce changes in the tensile characteristics of the
fibre [2-4]. In particular, the thermally induced
reduction in tensile strength is more pronounced
than the corresponding variation in the tensile
modulus. Changes in the tensile characteristics
induced by accidental thermal exposures can there-
fore be detrimental to the performance of the
fibre in its service life. Hence, it is essential that
before the actual use of the fibres, their application-
worthiness be ensured. In this connection, we have
identified the X-ray parameter, A(20), which can be
used to check any deterioration in the tensile
strength of the fibre. Here A(20) represents the
angular separation between the diffraction maxima
of the two most intense reflections, (110) and
(200), in the X-ray diffraction pattern from Kevlar
fibres and is defined as

A(20) = (20)200 - (20)tt0
The fibres used in this study were Kevlar 49 fibres

supplied by Dupont Inc., USA. Details of the X-ray
diffraction experiments, tensile testing and heat
treatment were described in [2, 5]. The angular
separation A(20) was measured for various samples,
with an accuracy of ±0.025° in 20. A typical example
of the :shift in A(20) is illustrated in Fig. 1. Fig. 2
represents the variation in A(20) with the tensile
strength of heat-treated fibres. Curve (a) is from
fibres exposed for 5 h to 150, 250 and 350 °C and
curve (b) is from fibres exposed to 150 °C for various
time intervals. Both curves indicate that the reduc-
tion in tensile strength is accompanied by a progress-
ive closing-up of the equatorial reflections (110) and
(200). However, the extent of the closing-up is
dependent on both the temperature and the duration
of thermal exposure.

It may be pointed out that the value of A(20) is
closely related to the arrangement of polymer chains
i n the crystal. The crystal structure of Kevlar fibres is
essentially layer-like [6]. The value of (20) 200 is
related to the distance between adjacent layers
which interact primarily by van der Waals forces and
to some extent by 7T-electron overlap [7]. The value
of (20)110 is, however, related to the distance
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Figure ] Diffraction profiles from fibres exposed to (a) 150 and
(b) 250 °C for 5 h.
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Figure 2 Variation of A(20) with tensile strength of heat-treated
Kevlar fibres: (a) 5 h exposure and (b) 5, 20, 100, 150 and 210 h
exposure at 150 °C.

between adjacent polymer chains along the crystallo-
graphic (110), (110), (110) and (110) planes,
which are characterized by a conspicuous concentra-
tion of non-bonded, intermolecular interactions [8].
Hence, any change in the (20) value is a manifesta-
tion of deviations from the molecular arrangement
reported for Kevlar fibres. These deviations,
although slight, could disturb the load transfer
mechanism in the crystal lattice and consequently
reduce the maximum load that can be applied to
the fibre. The reduction in tensile strength is,
admittedly, not entirely due to these structural
changes. Contributions from wandering tie
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molecules, chain scission, molecular weight changes,
etc., cannot certainly be ruled out.

Based on our observations, it is proposed that by
estimating the A(20) values from wide-angle X-ray
diffraction patterns, it is possible to check the
suitability of Kevlar fibres for applications that
depend specifically on the tensile strength. This
procedure is expected to be time-saving, especially
under circumstances where large batches of fibres
are to be quickly assessed for their applicability..
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