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Abstract

Polymer nanocomposites are promising materials for dielectrical use in
high voltage applications and insulations. This work presents a study of
nanocomposites based on poly(ethylene-co-butyl acrylate) with two different
comonomer compositions and two different aluminium oxide nanoparticles.
The nanoparticles were either untreated, or surface-treated with two different
silanes, aminopropyl triethoxy silane and octyltriethoxy silane. The best
level of dispersion was found for the polymer with 13 wt. % of butyl acrylate
(EBA-13) whereas the low melt viscosity of the polymer with 28 wt. % of butyl
acrylate (EBA-28) resulted in insufficient mixing with uneven dispersion as
a result. Octyltriethoxy silane-treated particles were best dispersed in the
polymer. The nanoparticles acted as nucleation agents in EBA-28, increasing
the crystallization temperature by several degrees. Studies of the water uptake
in the nanocomposite materials showed the effect of the enormous interfacial
surfaces and great number of polar groups present on the nanoparticle
surfaces. For the well-dispersed nanomaterials, the water sorption data could
be modeled by a single Fickian equation, whereas materials that contained
a sizeable fraction of large nanoparticle agglomerates showed a two stage
sorption process, first a fast process associated with the saturation of the
polymer phase and second, a slow diffusion process due to water sorption
of large particle agglomerates. The long-term performance and interaction
between the nanoparticles and the phenolic antioxidant (Irganox 1010)
was investigated by differential scanning calorimetry in order to assess
the oxidation induction time (OIT); the latter being proportional to the
concentration of efficient antioxidant. It was found that the stabilizer was
adsorbed to the untreated Al2O3 nanoparticles, resulting in a significant
reduction in OIT. However, silanization of the nanoparticles resulted in an
increase in OIT, compared to the materials containing untreated particles.
Furthermore, it was shown that the stabilizer was not irreversibly adsorbed to
the particles, allowing a gradual release of stabilizer with ageing time.

Keywords
nanocomposite, nanoparticles, aluminium oxide, poly(ethylene-co-butyl
acrylate), silanization, dispersion, Irganox 1010, antioxidant, OIT, sorption
kinetics, water

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-29270

