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Thermal Analysis of SiO containing Nanocomposites

Ch. Löwe1, EMPA Dübendorf, Ueberlandstr. 129, 8600 Dübendorf

Polyethylene was mixed in a high-shear kneader with silicon oxide nano particles and formed into thin foils by extrusion. The nano particles, which were incorporated, had a grain size of 110 nm. The amount of SiO2 particles was varied between 20 and 50 vol % (35 – 69 weight %) in the resulting composites. We were able to extrude the organic inorganic hybrid material into membranes with a thickness less than 200 m with a single screw extruder. After extrusion the foils were characterised visually and by thermal analysis methods. Thermo gravimetric analyses of the organic inorganic hybrid materials show in good accordance with the expected results, contents of the SiO2 fraction from about 33 to 67 weight %.  Due to the mixing procedure a certain amount of the SiO2 powder was lost in the fabrication process.  Compounds with a higher amount of SiO2 seemed to be more transparent than those containing lesser amounts of the filler. This effect could be caused by a reduced crystallinity of the polyethylene fraction or mainly induced by the higher fraction of the homogenous dispersed filler in the organic matrix. Determination of the crystallinity by DSC measurements of the different composite materials reveals a slight reduction of the crystallinity of the polyethylene by increasing amounts of SiO2 particles until a fraction of 40 vol %, while the mixture with a volume fraction of 50 % of SiO2 indicates a similar crystallinity of the polymer matrix than the pristine polymer itself. Further investigations are ongoing to understand the phase behaviour of those composite materials. A possible application for such nano- composites could be can barrier membranes for the flavour and perfume industry.
Thermal analytic methods helped as well to understand the material behaviour of modified polyhydroxyalkanoates, a class of biopolymers, which are produced by micro organisms. 

Mercaptopropyl-isobutyl-POSS (POSS, a structural analogue SiO2 moeity) was linked via a free radical addition reaction to the side-chain double bonds of bacterial poly[3-hydroxyalkanoate-co-3-hydroxyalkenoate], (PHAE). PHAE with 11.5, 55, 78, and 97 mol % of double bonds were used to produce a series of POSS-PHAE inorganic-organic hybrid materials with increasing amounts of POSS. The reactions proceeded with high yields and limited side reactions, confirmed with NMR and GPC experiments. X-ray diffraction and 13C solid-state NMR results of these nanocomposite materials suggested the favoured crystallization of POSS, with PHAE functioning as a non-crystalline combining matrix. This is in contrast to blends of POSS and PHAE, were incompatibility occurred and the two components crystallized independently. The covalent links between PHAE and POSS moieties imposed spatial constraint which resulted in disordered crystalline POSS domains and limited crystal sizes. With increasing POSS content, the appearance of these POSS-based biopolyesters changed from non-sticky and elastic, to brittle and glass-like. The covalent addition of POSS to PHAE increased the heat resistances such as the glass transitions, and the melting points could effectively be tuned between 48 oC and 120 oC.
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