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Experiment and Motivation. Time-resolved 2D SAXS measurements are conducted at HASY-
LAB beamline A2 during load cycling of polymer (polypropylene/multi-walled carbon nanotubes)
test bars with a strain rate close to ±2.7 × 10−3 s−1 using HASYLAB tensile tester. The wave-
length of the X-ray beam is 0.15 nm, and the sample-detector distance is 2556 mm. Scattering
patterns are collected by a 2D detector (marccd 165, mar research, Norderstedt, Germany) oper-
ated in 1024 × 1024 pixel mode. During deformation experiments, scattering patterns are recorded
every 60 s with an exposure of 50 s. A TV-camera monitors the sample during the test to follow the
deformation. A new method for calculating the macroscopic strain close to the beam position has
been devised and recently published [1]. The same kind of experiments have been previously done
on other types of multi-phase polymeric materials [2]. The main objective of such experiments is to
establish relationships between microstructural variations and behavior of polymers under dynamic
loads. This will improve our understanding of fatigue mechanisms in polymeric materials. At the
moment the lowest possible exposure time is still too long for running real fatigue tests. But, it
might become possible with PETRA III.

Summary of Results. Automated computer programs written in PV-WAVE® environment are
applied to accelerate data analysis. Both the pure material and the nanocomposite sample exhibit
2-point meridional SAXS patterns which are characteristic of oriented polymers. During deforma-
tion the intensity decreases and the peaks move toward the center. However, the variations of the
SAXS patterns are subtle, and it is not possible to draw any conclusions merely based on the them.
Therefore, chord distribution function (CDF) is calculated from the SAXS patterns in order to vi-
sualize the microstructure in physical space. To obtain more information about the microstructural
variations, the nanoscopic strain, εnano, is calculated based on the variation of the number-average
long period, as determined from the CDFs.
Strain, nanoscopic strain, and stress during load cycling are presented in Figs. 1 and 2 for the pure
and nanocomposite samples, respectively. Both samples show little macroscopic fatigue which is
inferred from the mild decrease in the stress level from cycle to cycle. The nanoscopic strain is
smaller than the macroscopic strain in both cases. This effect has been observed in other materials
as well and has been attributed to the resistance of the amorphous phase between lamellae against
large deformations due to the taut tie molecules or to a heterogeneous stress distribution [2]. The
nanoscopic fatigue is readily assessed from the decrement of successive maxima in εnano(t). Obvi-
ously, the blending with CNT effectively decreases the nanoscopic fatigue of the material. In order
to explain this finding we speculate that the stress is effectively transferred from the polypropy-
lene matrix to the nanotubes, and a reinforced semicrystalline layer system experiences a lower
stress in comparison with the semicrystalline system of the pure polypropylene. Hence, the car-
bon nanotubes stabilize the nanostructure of polypropylene and improve fatigue properties of this
material.
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Figure 1: Variations of stress (σ ), macroscopic strain (ε) and nanoscopic strain (εnano) of the polypropylene
sample during load cycling
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Figure 2: Variations of stress (σ ), macroscopic strain (ε) and nanoscopic strain (εnano) of the polypropy-
lene/MWCNT sample during load cycling
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