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ABSTRACT: Rapid industrialization and a significant population growth has led to an increased use of chemicals, which has
limited the biological processes that account for most of the existing water and wastewater treatment methods. Ozone
microbubble technology, which is one of advanced oxidation processes, has recently attracted attention as a method to solve
these issues. In this paper, we reviewed both the physical and the chemical characteristics of microbubbles, and evaluated
microbubble-based ozone oxidation processes focusing on the removal of various toxic contaminants. In addition, we
discussed the potential of an ozone microbubble process as water and wastewater treatment processes by combining it with
other treatment technologies.
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Fig. 1. Size distribution of microbubbles (courtesy: Riverforest
Corp., USA).
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Fig. 2. Comparison between macrobubble and microbubble
(modified from Takahashi et al. (2007)).
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Table 1. Case study of ozone microbubble processes considered in this study.
Ozone Time | Removal .
Target o (ks) (%) Target material Reference
Fusarium oxysporum .

Disinfection 2 mg/L 0.18 100 Phytophthora capsici Kim et al. (2014)
140 mg/L 0.18 100 Bacillus subtilis Zhang et al. (2013)
2 mg/L 0.3 97 Fenitrothion (3.02 mg/L) Ikeura et al. (2011)
0.56 mg/s 7 80 | Ammonia (100 mg/L) Khuntia et al. (2012)

1
Pollutants 40 mg/L 0.6 87.9 BTEX" (10 mg/L) Walker et al. (2001)
Dimethyl phthalate

1.94 mg/s 1.8 100 (1.209 mol/m®) Jabesa et al. (2016a)
1.94 mg/s 0.9 99.8 Diethyl phthalate (0.045 mol/m®)| Jabesa et al. (2016b)
132 mg/L 1.8 99 Cl Reactive Black 5 (230 mg/L)| Chu et al. (2007)
1.7 mg/s 1.8 99 Brilliant Green (0.0274 mM) Khuntia et al. (2015)

Wastewater
132 mg/L 8.4 80 Textile wastewater Chu et al. (2008)
12 mg/L 7.2 42 Acrylic fiber (326 mg/L) Zheng et al. (2015a)
Not available 6,048 71 MTBE? (5.8 mg/L) Kerfoot and McGrath (2001)

. MTBE (5.8 mg/L),

Not available 6,048 71-93 Kerfoot et al. (2003

Groundwater TBA® (0.87 mg/L) ( )
100 mg/L 1,296 86 | VOCs* (0.36 mg/L) Kerfoot et al. (2008)
4 mg/L 0.54 91 Methyl orange (10 mg/L) Xia et al. (2016)

'BTEX, the chemicals benzene, toluene, ethylbenzene and xylene; ’MTBE, methyl tert-butyl ether;

3TBA, tert-butyl alcohol; “VOCs: Volatile organic compounds.

Water

Microbubble
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Fig. 3. Schematic diagram of an ozone microbubble process.
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