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In an experiment performed in December 2004 at beamline BW4, HASYLAB, we studied highly
oriented fibre materials made from blends of the polymers poly(ethylene terephthalate) (PET) and
polypropylene (PP). The materials were prepared in special processes aiming at dispersion of the
two components on a nanometre scale. Our initial aim was to study the materials in situ during
straining experiments. Because of poor conditions found at BW4 at that time∗ only static measure-
ments of the materials at fixed elongations could be performed with a poor data quality. Never-
theless, some conclusions on the materials properties as a function of preparation and elongational
load could be drawn.
Dealing with polymer blends, the degree of dispersity is of prime importance because it determines
to a great extent the final materials properties. Particularly, the present scientific focus on manufac-
turing of nanocomposites requires good knowledge of the real sizes of the dispersed particles. The
study of domain sizes in the range of a couple of ten nanometres presumes the use of appropriate
technique as for example the ultra-small-angle X-ray scattering (USAXS).
The measurements were performed with a sample–detector distance of 12.4 m, using a 2D Gabriel
detector and an X-ray wavelength λ = 0.138 nm. The samples were neat PP and its blend with
PET in a composition PP/PET 80/20 by weight. Fibres were prepared by (i) conventional spinning
followed by drawing at 130◦C, and (ii) by spinning from a 300 μm die without additional drawing
resulting in filaments of 30 μm diameter. In the latter case bundles of about 300 filaments were
irradiated in the experiment.
For all the materials scattering patterns were taken at various deformations in the range between 0
and 12%. After relaxation from the deformational steps scattering patterns were taken as well.
In Fig. 1 (left column) some of the USAXS patterns from the neat PP filaments are shown, whereas
the middle and the right columns show scattering patterns of the PP/PET blend, respectively.
The scattering patterns from the neat PP (Figure 1, left column) show diffuse scattering. In addition,
the drawn and the elongated material show a faint indication of void scattering (equatorial streak).
This is typical for semicrystalline highly oriented homopolymers. The long period reflection (L
= 17.5 nm) is observed on the meridian just inside the accessible range of the USAXS. In the
middle and the right column the PP/PET blend is shown. Faint long periods are observed in the
middle column as well, but not in the right column where the corresponding reflection is outside
the USAXS range (i.e. < 16 nm). After conventional extrusion (middle) the fine dispersion of
the PET in the PP phase on a nanometre scale is obvious from the size and shape of the central

∗Already 3 months later the beamline itself had been brought to an excellent state. Only the straining HASYLAB
straining device is still inoperable. Nevertheless, in the end of 2004 a worn-out Gabriel detector had to be used with
multichannel-analyser electronics that did not allow to collect the environmental data. Flux control by ionisation
chambers was not available. Thus the data are good for visual inspection only.
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Figure 1: Nanofibrillar PET structure in USAXS patterns (pseudo-colour, logarithmic scale) from fibres
made from PP/PET blends after different steps of processing. The elongation ε of the material in percent at
which the pattern is taken is indicated in the bottom. Fibre axis s3 is vertical. Each pattern shows a range
−0.0625 nm−1 < s12, s3 < 0.0625 nm−1

scattering. Drawing (central image ) or micro–spinning (right column) leads to the formation of
highly elongated needle-shaped PET domains in the PP fibre. Upon drawing of some of the PET
nanofibrillar domains appear to break (broadening of the equatorial streaks). The lengths of the
nanofibrillar PET domains are much higher, if the material is made by micro-die spinning (right
column).
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