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The chemical effects resulting from the irradiation of aqueous solutions with 

ultrasound were first reported in 1927.1,2  Since then, a wide variety of sonochemical 

reactions pertaining to inorganic3-5 and organic synthesis,6-9 polymerization,10-12 and 

electrochemistry13-15 have been developed.  While ultrasound was found to be effective at 

promoting these chemical reactions, restricted reactor volumes, difficulties controlling 

the extent of the synthesis, and relatively high operating costs have hindered the scaling-

up of many of these systems.16-18  However, one application where large-scale 

sonochemical processing may be feasible is for drinking water purification and 

wastewater remediation.  Major concerns about the toxic and mutagenic byproducts of 

chlorination, and the implementation of more stringent regulations,19-21 have renewed 

interest in this public sector for alternative treatment processes.  One such treatment may 

be ultrasonic irradiation, which has been shown to be effective for the treatment of a wide 

variety of aqueous organic pollutants.22-46  The use of ultrasound is particularly attractive 

because it yields hydroxyl radicals, ⋅OH, in situ.  This highly and universally reactive 

species is effective for degrading organic pollutants which are found to be recalcitrant 

toward conventional chemical oxidants. 

 In an effort to increase the efficiency and decrease the overall cost of 

sonochemical treatment systems, several investigation have examined the combination of 

ultrasonic irradiation with ozonolysis.47-51  In most cases, these studies found that when 

these systems are used simultaneously, the degradation of many solutes becomes faster 

than predicted by the addition of the independent effects.  Rate enhancements have been 

attributed to the increased production of free radical species in solution; however, the 

exact mechanism of this synergism is not fully understood. 
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 The primary goals of our research were to elucidate the mechanism underlying the 

observed synergism and to optimize the processing of aqueous organic pollutants under 

simultaneous ultrasonic irradiation and ozonation.  As a result, we have gained new 

insights into the chemical mechanisms of free-radical production in these oxidation 

systems.  This knowledge will be useful in the design of improved sonochemical 

wastewater treatment protocols. 

 The development and evaluation of a new pilot-scale ultrasound reactor is the 

subject of Chapter 3.  This state-of-the-science system represents the first large-scale (V 

≥ 7.25 L), high-frequency, high-power reactor of its kind.  The sonochemical efficiency 

of this system was investigated using four organic compounds, dichloromethane (DCM), 

trichloroethylene (TCE), phenol, and methyl orange (MO).  The degradation kinetics of 

these solutes were investigated as a function of reactor flow rate, initial solute 

concentration, treatment volume, and power density. 

 The decomposition of phenol and its eventual oxidation to CO2 and H2O are 

discussed in Chapter 4.  These reactions were investigated with ultrasonic irradiation and 

ozonolysis in a lab-scale ultrasound reactor.  Optimal reaction conditions were explored 

with respect to ozone dose, initial solute concentrations, background gas composition, 

ultrasonic frequency, and power density. The concurrent application of the two 

techniques was found to significantly improve the mineralization of phenol.  A 

mechanism is proposed that accounts for such enhancement. 

The principal objective in Chapter 5 is to investigate the chemistry that results 

from the addition of hydrogen peroxide to aqueous ozone solutions.  Ozone decay 

kinetics were measured as a function of H2O2 concentrations at low pH in H2O and D2O 
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solutions.  Chemical models based on elementary reactions were compared to 

experimental results to elucidate a new mechanism of peroxone action. 

Chapter 6 deals with the strong synergism of ultrasonic irradiation combined with 

ozonolysis for the decomposition of oxalic acid, a particularly refractory pollutant.  In 

addition to optimizing solute degradation rates with respect to ozone concentration and 

ultrasound power density, the effects of pre-sonication and hydrogen peroxide production 

were investigated.  Various mechanisms were explored to account for the enhanced 

production of free-radical intermediates in the combined systems.  These mechanisms 

were evaluated by investigating the sonolytic decomposition of ozone in the presence and 

absence of oxalic acid. 
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