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ABSTRACT

Composites of thermoplastic polyurethane (TPU) (Elastollan® 685A by BASF) and 0 to 0.5 wt-%
3-aminopropyltriethoxysilane functionalized silica spheres (diameter 14 nm) are strained and
subjected to slow load-cycling'. The mechanical tests are monitored by small-angle X-ray
scattering (SAXS). The fiber patterns from the injection-molded test bars are converted into chord
distribution functions’ (CDF) in real space for analysis of the nanostructure. It is found that the
arrangement of the hard domains in the soft phase is poor. As the result, the scattering entities are
very smple: There is only correlation between two hard-domains and the soft domain in between
(“sandwich”). SAXS shows that the rubber-elastic extengbility of the soft phase is very limited.
Macroscopic strain is accomplished by localized failure of single “springs’ that relieve majority of
the sandwiches. The nanostructure dissociates into broken and unbroken scattering entities. A
broken entity is an elongated soft domain sandwiched between two fragments of hard domains.
The nanoscopic strain of the sacrificed sandwich equals the macroscopic strain at the time of
rupture. Initialy with increasing strain the failure process propagates from regions with poorly
arranged entities (PAE) regions that are invisible in the SAXS into the well-ordered ensembles
(WAE) of hard domains. The more nanospheres are in the material, the earlier the dissociation
arrives in the well-ordered fraction. Outbursts of local failure happen at strains of 100% and 200%.
They relieve the global nanostructure considerably and the long period decreases. Very dow load-
cycling of the pure TPU at low strain does not yet induce the failure mechanism. The material is
eadtic. In the nanocomposites (NC) the failure-induced dissociation starts already in the first cycle
and increases during the application of cydlic load. Consequently, in the NCs the oscillation of the
nanostructure decays from cycleto cycle whereas it stays constant with the pure TPU. The fraction
of material that is not subjected to the decay is a function of the nanosphere content. Linear
extrapolation yields a fraction of 1.25 wt.-% nanospheres at which the complete material would
become homogeneous. Such a materia would stop showing nanostructure oscillations after ca. 70
cycles. The relevance of these and other parameters for the prediction of mechanica properties in
computer simulation is discussed. The SAXS patterns of relaxed samples are little different from
that of the virgin materials, but the typical signature of the sandwich ensemblesis much clearer
their CDFs. The advantage of a CDF analysis with respect to a direct analyss is demongtrated and
discussed.
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