Fabrication of visible-light-driven Cu2O-deposited TiO2/titanate nanotube hollow microspheres for bisphenol A photodegradation 
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In this study, an environmentally friendly process on the fabrication of visible-light-driven Cu-loaded titania/titanate nanotube (TNT) hollow microsphere heterojunctions was developed for photocatalytic degradation of bisphenol A under 465±40 nm visible light irradiation. The TNT hollow microspheres were first synthesized using mildly alkaline hydrothermal methods at 180 °C for 24 h in the presence of 0.1 N NaOH and 0.03 mL of 30 wt% H2O2.The scanning and transmittance electron microscopic (SEM/TEM) images showed that the hollow microspheres were composed of multi-layered tubular structures with diameters of 30-50 nm and length of 200-300 nm. The morphology of TNT hollow microspheres changed from flower-like to tubular structures as the hydrothermal temperature increased from 120 to 180ºC for 24 h. The Cu-loaded titania/TNT hollow microspheres were then prepared with the aid of microwave heating at 120 ºC for 10 min in the presence of Cu(II) ions and urea. The X-ray photoelectron spectra showed that the main Cu species in Cu-loaded TiO2/TNT was Cu2O. The Cu2O-TiO2/TNT heterojunctions exhibited superior visible-light-driven photocatalytic activity toward bisphenol A degradation and the photodegradation efficiency of bisphenol A was highly dependent on the initial concentration of bisphenol A and pHs. High pH value enhanced the photocatalytic degradation rate of bisphenol A and a 3-fold increase in rate constant was observed when pH increased from 4 to 9. The photodegradation behaviors of bisphenol A by Cu2O-TiO2/TNT heterojunctions could be well described by the Langmuir-Hinshelwood kinetics with Langmuir adsorption coefficient (Ka) and intrinsic rate constant (Kr) of 0.138 L/mg and 0.066 mg/L-min, respectively. In addition, the Cu2O-TiO2/TNT hollow microsphere heterojunctions can be recycled for at least 5 times to effectively photodegrade bisphenol A. Electron spin resonance spectra showed that oxygen-centered radical adducts played a pivot role in degradation mechanism and Cu species can serve as the electron mediator to shuttle electrons from photocatalysts to bispheol A, and subsequently enhance the efficiency and rate of visible-light-driven photodegradation. Results obtained in this study clearly show that Cu2O-TiO2/TNT heterojunctions are promising photocatalysts which can be used for the elimination of emerging organic chemicals in water and wastewater treatment and may open an avene for fabrication of environmentally benign heterogeneous catalysis which can be applied in water and waster treatment and green chemistry.
