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Comparison of Sonolysis, Photolysis, and Photosonolysis for
the Degradation of Organic Matter

Afshin Maleki’ Amir Hossein Mahvi Reza Rezaee

(Received Nov. 11, 2007  Accepted Dec. 3, 2008)

Abstract

Phenol is one of the most common compounds found in the effluents of many industries such as petroleum
refining and petrochemicals, pharmaceuticals, pesticides, paint and dye industries, organic chemicals
manufacturing, etc. Due to the high toxicity of phenol, the contamination of bodies of water with this chemical is
a serious problem for the environment and human health. In this study, the sonochemical, photochemical, and
photosonochemical degradation of phenol in an aqueous solution were investigated. The sonochemical and
photochemical experiments were carried out using a bath sonicator (500 W) working at 35 and 130 kHz
frequencies and a 400W medium pressure UV lamp. Experiments were performed at initial concentrations
varying from 1 to 100 mg L™'. The effects of such parameters as pH, initial phenol concentration, and oxidation
period have been determined. Results showed that the effects of ultrasound wave for phenol oxidation were
mainly due to hydroxyl radical production during cavitation-induced water decomposition. However, low rates
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underwent degradation at a faster rate at 130 kHz than 35 kHz. Besides, it was shown that reaction rates
involving hydroxyl radicals (hydrogen peroxide formation and phenol oxidation) had a maximum value at higher
frequencies. The best yield was observed at 130 kHz for phenol degradation perhaps due to the greater
availability of hydroxyl radical on the outer surface of cavitation bubbles. It was found that the rate of
photochemical degradation of phenol was higher than sonochemical destruction. Also, the results showed that
the combination of ultrasound wave and ultraviolet irradiation was considerably more effective than either
ultrasound or ultraviolet light alone. Thus, based on the results of this study, the synergistic action of ultrasound
and ultraviolet light is confirmed. This may be the result of three different oxidative processes: direct
photochemical action, high frequency sonochemistry, and reaction with ozone (produced by UV irradiation of
air). The results of the study showed that the degradation of phenol was increased by decreasing both pH value

and phenol concentration in all the processes used.

Keywords: Advanced Oxidation Process, Sonochemistry, Photochemistry, Phenol, Industrial

Wastewater.
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