K BRks TELEr 3k 5 - Original Paper 281~288, 2011

|:_|.%t L%EHQ_I Pilot Scale xg_ul. A'AE{I 7H|:||- al I_I..u.EI-E-II E%HE_%

Development of Various Pilot Scale's Ultrasound Systems
Sonodegradation of Naphthalene in Water
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Abstract : Recently, researches that a variety of contaminants in water are removed by sonolysis technology with oxidation and
pyrolysis process from cavitation were conducted. However, there are few studies for sonochemical treatment by a pilot-scale ultra-
sound system. This research focused on developing pilot-scale ultrasound systems, which could be an continuously effective treat-
ment for a large volumes of contaminants, and demonstrating the feasibility of utilizing these systems to remove naphthalene from
groundwater. V-120 type reactor was found to be 1.4~2.2 times higher effective than the normal type. A total of three different
pilot scale's systems consisted of installing effluent and irrigation water in order to be a continuos system, including supplemental
additives, and applying a V-120 type reactor and a external cooling cycle system. Naphthalene levels treated by three systems were
lower than a recommended guideline of naphthalene for drinking water in EPA. Especially, the naphthalene removal efficiencies of
PS1 and PS2 systems were over 97%. The pilot-scale continuous ultrasound clean-up system delivered over 84~95% naphthalene
removal efficiency for treatment of 10~20 liter of groundwater. In addition, the ultrasound system could be successfully applied to
the conditions of artificial and genuine groundwater contaminated with naphthalene.
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Fig. 1. The schematic diagrams of different reactor types,
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Fig. 2, The schematic diagrams of pilot-scale system: (a) Cir-
culation type (b) CSTR-type.

Table 1, Average concentrations of ions on groundwater near
the basins of four rivers in Korea® (unit: mg/L)

Salt 2+ + 2+ - 2- -
Basin Ca Na Mg NOs  SO4 Cl

Nakdongriver 415 257 107 165 473 -
Geum river 281 157 6.4 275 138 265
Somiin river 223 156 53 17.3 8.2 16.8

Yeongsanriver 303 178 55 114 144 248

Average 306 187 7.0 182 209 227
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Fig. 3. Comparison of sonodegradation rate for naphthalene depends on the different irradiation types of reactors; (a) sonode-
gradation percent of naphthalene and (b) pseudo-first order rate constants. Sonication conditions: 2.5 mg/L naphthalene; 0.3
W/mL; 20+1 C; pH 6.8; 580 kHz (@, A type; O, B type; ¥, C type).
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Fig. 5. Comparison of sonodegradation rate for naphthalene depends on the different types of pilot scale reactor; (a) sonodegra-
dation percent of naphthalene and (b) pseudo-first order rate constants, Sonication conditions: 2.5 mg/L naphthalene (10
L); 0.075 W/mL; 20+1C; pH 6.8; 580 kHz (@, A type; A, B type; H, C type).
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Fig. 7. Comparison of sonodegradation rate for naphthalene in the addition of mixed salts; (a) sonodegradation percent of naphtha-
lene and (b) pseudo-first order rate constants, Sonication conditions: 2.5 mg/L naphthalene (16 L); 0.075 W/mL; 20+1TC; pH
6.8; 580 kHz; PS1 type system (@, NA; O, AVE mixed salts; W, 10 times higher than AVE mixed salts).
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Fig. 8. Comparison of sonodegradation rate for naphthalene depends on the water conditions; (a) sonodegradation percent of naphtha-
lene and (b) pseudo-first order rate constants. Sonication conditions: 2.5 mg/L naphthalene (16 L); 0.075 W/mL; 20+17C; pH
6.8; 580 kHz; PS1 type system (@, M.Q. water; O, Groundwater).
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