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Inorganic pigments, such as titanium dioxide (TiO2), are added to polymeric materials to enhance both the appearance properties and the mechanical durability.  A common misconception is that these fillers are considered to be inert, despite their semiconductor properties.  Research has revealed films dispersed with TiO2 films exhibit measurable photocatalytic activity when exposed to ultraviolet (UV) radiation.  A clear understanding of the degradation mechanism is needed in order to engineer nanocomposite coatings that take advantage of the particle photoreactivity by maximizing beneficial photocatalytic activity, minimizing negative effects of the photoactivity, and enhancing mechanical strength and fire resistance.

The focus of this work is to determine the role that TiO2 pigments play in the degradation of polymer films and to develop a metrology for the photodegradation of polymeric nanocomposites.  Previous studies within the research group have examined the degradation of filled polymer films in dry conditions at ambient temperature (25oC and 0% RH) and found that the degradation of the films depended significantly on the polymer matrix.  That is, the photodegradable epoxy amine degraded to the approximately the same extent for all pigments making it difficult to determine the effect of particle reactivity on the degradation of the polymer film.  The experiments conducted in this study were conducted at high temperature and high relative humidity (55oC and 75% RH), a condition that is considered more realistic to an outdoor weathering atmosphere.  Under these conditions it was observed that the extent of degradation between pigments was greatly enhanced.  Laser Scanning Confocal Microscopy (LSCM) was used to follow the changes in morphology of the pigmented polymer films and to determine the changes in particle agglomerate size, polymer matrix pits/holes, and surface roughness of the film as function of UV exposure time. Attenuated Total Reflectance – Fourier Transform Infrared Spectroscopy (ATR-FTIR) was used to monitor the chemical changes within the model polymer as a function of exposure time.        

