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The physical characteristics of high-performance polymer fibres could be related to the internal
structure. The physical characteristics of one such a fibre, Poly p-(phenylene terephthalamide)
(PPTA, aramid), can be adjusted through a heat-treatment procedure. Therefore, if this heat treat-
ment imposes a permanent structural change in the nanostructure of the fibre, this may lead to clues
concerning the effective structure-property relationships.
In order to investigate this, a novel analysis method for the analysis of the porous structure in
(aramid) fibres [1] is applied to aramid fibres undergoing tensile strain and simultaneous heating.
For this purpose, a pneumatic in-situ fibre tensile stage has been developed capable of applying
stresses on these fibres around the yield point (c.f. Figure 1). A radiative oven has been added
capable of reaching 250 degrees. The tensile stage is evacuated when in operation to ensure no
moisture is present in the voids of the fibre. Mica windows are used as vacuum-atmosphere barrier.
In-situ SAXS measurements have been performed using this stage at the BW4 beamline of the
DORIS ring at HASYLAB. The q-range of q = 0.025 → 0.23 was measured using a CCD detector
with 79.1 µm2 sized pixels, placed at a distance of 1.56m to the sample. The wavelength used was
1.381 Å.

Figure 1: The fibre tensile stage, with the two hemicircular clamps (to the right one, stress is applied through
pistons) and the radiative oven (aluminium cube between the clamps).

Measuring the effect of high levels of stress on the internal structure of a bundle of Twaron 1000, a
commercially available PPTA fibre by Teijin Aramid BV, shows that at low temperatures the voids
are elongated slightly in the direction of the stress, and the orientation distribution with is reduced
(c.f. Figure 2).



The effect of limited heat on the sample is a slight increase in the width of the voids and an overall
decrease in length which could indicate the sintering of longer, narrow voids (c.f. Figure 2). The
orientation distribution remains unaffected.
The effect of high levels of stress at elevated temperatures and the increase of temperature at high
levels of stress show combined effects of the aforementioned. Depending on the levels of stress and
the temperature, the overall shortening of voids due to the temperature increase may be countered
by the increase in void length due to high levels of stress.
The overall results indicate that the nanostructure in the fibres is affected by both elevated tem-
peratures and the application of high levels of stress. The custom-built tensile stage performs well
and is a suitable tool for exploring the effects of stress and elevated temperatures on the fibre. The
pneumatic nature does limit the operating range of applicable stresses. Furthermore, the material
and chosen mounting method limits the temperature to below 250 degrees, but this can easily be
remedied in future adaptations.

−4 0 4

−20

−10

0

10

20

nm

nm

−4 0 4
nm

Figure 2: The mean (solid), 80% confidence interval (dashed) and FWHM of the orientation distribution
(arc), showing the effect of high tensile stress (red, left) and elevated temperature (red, right) on the structure
of the original fibre (blue).
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