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Material and Experimental Setup. Hard-elastic polypropylene (HEPP) is highly drawable, uni-
axially oriented and exhibits a long-range correlated nanostructure. In order to record the complete
discrete scattering, both SAXS and USAXS must be recorded. The respective patterns must be
combined [1] before analysis. SAXS is performed at the synchrotron beamline A2 at HASYLAB.
The wavelength of the X-ray beam is 0.15 nm, and the sample-detector distance is 3045 mm. Scat-
tering patterns are collected by a two-dimensional position sensitive marccd 165 detector (mar re-
search, Norderstedt, Germany) operated in 2048× 2048 pixel mode (pixel size: 79× 79µm2).
USAXS is performed at the synchrotron beamline BW4 at HASYLAB. The wavelength of the X-
ray beam is 0.13 nm, and the sample-detector distance is 8906mm. Detection and registration of
the scattering patterns is the same as in the SAXS environment. Mechanical tests (simple strain-
ing and load cycling) have been performed using the HASYLAB tensile tester built by one of us
(T.S.). During tensile testing between elongtationsε = 0 andε = 0.6 the true strain rate,̇ε, has
been found to increase monotonously from 0.8×10−3s−1 to 1.1×10−3s−1. Elongatio is defined
ε (t) = ℓ(t)/ℓ(0)−1 with ℓ(t) being the distance between fiducial marks close to the irradiated
volume of the sample.

Summary of Scientific Results. In the published [2] study we monitor slow mechanical tests
of highly oriented, hard-elastic polypropylene by in situ X-ray scattering. Direction of strain is
the normal to the crystalline lamellae of the polymer. The scattering patterns are transformed
into a representation of nanostructure in real space. This is the multidimensional cord distribution
function (CDF) [3]. From the CDF topological parameters of the semicrystalline nanostructure are
extracted and discussed in conjunction to the mechanical data. In a continuous-strain experiment
we observe fracture of an ensemble of weak lamellae into blocks already at an elongation of 2%.
These blocks are completely dissolved during further stretching up to 10% (yield point). At higher
elongations we observe continuous transformation from crystalline lamellae into an ensemble of
rigid needles with 8 nm thickness. The material breaks, as all the lamellae are consumed. In a
fatigue test a load-reversal experiment is carried out between elongations of 10% and 35%. At the
beginning of every straining branch strain-induced crystallization generates extended lamellae until
a stress of 20 MPa is reached. Thereafter breakup of the lamellae sets in. In the further course of the
straining branch superposition of various mechanisms is observed (e.g. the melting of weak blocks
as well as the strain crystallization of new and strong blocks). In the relaxation branch of each load
cycle we first observe fast relaxation-induced melting, which is continuously slowing down.

Figure 1 shows the stress-strain diagram of a load-cycling experiment together with scattering pat-
terns recorded dynamically [4] during the experiment. The results of the nanostructure analysis are
presented together with the macroscopical mechanical datain Fig. 2. For further details see the
paper [2].

Conclusion. By monitoring nanostructure evolution during mechanical tests we have identified
mechanisms that are responsible for failure or fatigue, resp. In particular the finding that stress
below 20 MPa increases crystallinity by strain-induced crystallization, whereas higher stress causes
crystallite breakup appears to be important for materials science. We plan further experiments in
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Figure 1: Hard-elastic Polypropylene. Load-reversal mechanical test monitored by SAXS. Circular dots
show where SAXS patterns have been recorded. Numerical labels indicate their sequence. The highlighted
part of the curve near label 11 indicates the part of the curvetraversed during the recording of pattern 11.
The drawing direction with respect to the patterns,s3, is indicated by a double-head arrow. The scattering
patterns display the range -0.15 nm−1 < s12,s3 <0.15 nm−1
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Figure 2: Dynamic load-reversal mechanical test of hard-elastic PP film at a strain rate ofε̇ ≈ 10−3s−1. As
a function of the elapsed timet the macroscopic parameters elongation,ε (top graph), and tensile stress,
σ (bottom graph) are displayed together with topological nanostructure parameters (middle). In the middle
diagram the solid line shows the long period,L. The broken line displays the lateral extension,ecac, of a sand-
wich made from two crystalline lamellae. The line with circular dots exhibits the variation of the strength,S,
of the CDF. Vertical bars indicate zones of strain-induced crystallization (dark green) and relaxation-induced
melting (light gray), respectively

order to elucidate failure and fatigue in engineered polymer blends that are prepared in order to
replace metal by light-weight polymer parts.Ongoing work is supported by the 7th framework program
of the European Union (Project NANOTOUGH FP7-NMP-2007-LARGE).
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