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ABSTRACT

When irradiate the power ultrasound into the aqueous solutions, water vapor
is decomposed by the heat of very high temperature in the cavitation bubble to
produce OH - (hydroxyl radical) and H - (hydrogen radical). and these radicals
play a role in decomposing the substances in aqueous solution by oxidation and/
or reduction, and in producing the hydrogen peroxide. Accordingly it is possible
to predict that the quantity of hydrogen peroxide produced may correlate with
the sonolysis mechanism of the substance in aqueous solution. Thus to confirm
this prediction, the quantities of hydrogen peroxide produced from each of the air
saturated distilled water and three aqueous solutions of TCE, benzene, and 2.4-
DCP that are prepared by dissolving them into distilled water are measured. As
a result. it showed that the quantity of hydrogen peroxide produced from the
distilled water and three aqueous solutions are increased in order of distilled
water>TCE solution>2,4~-DCP solution>benzene solution, and decrease with
decrease in concentration of organic substance, which coincide with the sonolysis
mechanisms reported that TCE in aqueous solution is decomposed directly by the
pyrolysis in and around the cavitation bubbles when its concentration is high
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and by the radical reaction when low, however, benzene and 2,4-DCP are decom-
posed not only by the pyrolysis but also by the radical reactions. Effects of such
experimental parameters as the acoustic frequency and power and as the concen-
tration showed that the higher the acoustic frequency and the lower the acoustic
power, the less the quantity of hydrogen peroxide was produced. This result
coincide with the theory of ultrasound for the relation between the cavitation
that is the energy source of the power ultrasound in aqueous solution and these

experimental parameters.
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Table 1. List of the experimental conditions

Exp. variables Conditions

Reactor type Cleaning bath type

Distilled water, Solutions of TCE,

Sample solution
Benzene, 2.4-DCP

28 kHz | 200, 400, 600 Watt/5L
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40 kHz | 200, 400, 600 Watt/5L
Reaction temp. 20T
. Same as the pH of air sat. solution
Initial pH

(ca. pH7)

Concentration

100, 500, 1,
(28 KHz, 600 Waty) | 100 900 1,000 ppm
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Fig. 1. Plots of the quantities of H.O2 pro-
duced in distilled water by ultrasonic
irradiation in the cleaning bath type
sonicator for different frequencies
and outputs of power.
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Fig. 2. Plots of the quantities of H202 pro-
duced in the 500 ppm agueous solu-
tion of TCE by ultrasonic irradiation
in the cleaning bath type sonicator
for different frequencies and outputs
of power.
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Fig. 3. Plots of the quantities of H202 pro-
duced in the 500 ppm aqueous solu-
tion of benzene by ultrasonic irradia-
tion in the cleaning bath type soni-
cator for different frequencies and
outputs of power.
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Fig. 4. Plots of the quantities of H202 pro-
duced in the 500 ppm aqueous
solution of 2,4-DCP by ultrasonic
irradiation in the cleaning bath
type sonicator for different fre-
quencies and outputs of power.
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Fig. B. Plots of the quantities of H;O2 pro-
duced in the distilled water and
500 ppm aqueous solution of TCE,
benzene, and 2,4-DCP by ultrasonic
irradiation in the cleaning bath
type sonicator of the power of 600
Watt (upper:28 kHz, lower: 40 kHz).
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Table 2. The quantities(mMs) of H202 measured from the 500 ppm aqueous solution in 28 kHz
sonicator at 30, 60, 90, and 120 min after irradiating ultrasound for three outputs of
power (watt)

power

AN

sample

30 min

60 min

90 min

120 min

200W

400W

600W

200W

400W

600W

200w

400W

600W

200W

400W

600W

Distil. water

0.00204

0.00627

0.0116

0.0038

0.0096

0.0183

0.0047

0.0137

0.0227

0.0055

0.0152

0.0266

TCE

0.00110

0.00212

0.0059

0.0019

0.0031

0.0088

0.0017

0.0041

0.0096

0.0019

0.0044

0.0096

Benzene

0.00077

0.00221

0.0022

0.0011

0.0029

0.0043

0.0014

0.0042

0.0054

0.0015

0.0048

0.0059

2,4-DCP

0.00109

0.00191

0.0032

0.0019

0.0033

0.0055

0.0019

0.0040

0.0071

0.0018

0.0035

0.0083

Table 3. The quantities(mMs) of H202 measured from the 500 ppm aqueous solution in 40 kHz
and 120 min after irradiating ultrasound for three outputs of

sonicator at 30, 60, 90,

power (watt)
Wer 30 min 60 min 90 min 120 min
sample 200W | 400W | 600W | 200W | 400W | 600W | 200W | 400W | 600W | 200W | 400W | 600W
Distil. water [0.00198]0.00335) 0.0087 | 0.0036 | 0.0065 | 0.0141 | 0.0052 | 0.0085 | 0.0193 | 0.0055 | 0.0106 | 0.0223
TCE 0.00130]0.001571 0.0029 | ¢.0030 | 0.0020 { 0.0055 | 0.0032 | 0.0016 | 0.0058 | 0.0033 | 0.0016 | 0.0064
Benzene |0.00077]0.00110( 0.0022 | 0.0011 { 0.0014 | 0.0031 | 0.0015 | 0.0023 | 0.0042 | 0.0015 | 0.0020 |} 0.0047
2.4-DCP  10.00104{0.00230| 0.0021 | 0.0014 | 0.0031 | 0.0045 | 0.0007 | 0.0040 | 0.0054 | 0.0007 | 0.0043 | 0.0055
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Fig. 6. Plots of the quantities of H20; pro-
duced in the aqueous solution of
TCE by ultrasonic irradiation in the
28 kHz cleaning bath type sonica-
tor for different concentrations.
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Fig. 7. Plots of the quantities of H20:2 pro-
duced in the aqueous solution of
benzene by ultrasonic irradiation in
the 28 kHz cleaning bath type soni-
cator for different concentrations.
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Fig. 8. Plots of the quantities of H202 pro-
duced in the aqueous solution of
2.4-DCP by ultrasonic irradiation
in the 28 kHz cleaning bath type
sonicator for different concentrations.
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Table 4. The quantities(X10°mMs) of H.0O; measured from the 500 ppm aqueous solution in
28 kHz and 600 Watt sonicator at 30, 60, 90, and 120 min after irradiating ultrasound

for three concentrations(ppm)

ppm 30 min 60 min 90 min 120 min
sample 1000 500 100 1000 | 500 100 1000 500 100 1000 500 100
TCE 0.1797 | 0.5882 | 0.7026 [ 0.3431 | 0.8824 | 1.0458 | 0.3595 | 0.9559 | 1.2664 | 0.3840 | 0.9641 | 1.3154
Benzene | 0.0509 | 0.2207 | 0.3090 | 0.0849 | 0.4330 | 0.5629 { 0.0849 | 0.5434 | 0.8388 | 0.1019 | 0.5858 | 0.8940
2.4-DCP | 0.0875] 0.3222 | 0.3749 | 0.1541 | 0.5533 | 0.6664 | 0.1791 [ 0.7114 | 0.9413 | 0.1791 | 0.8330 | 1.0829




$30 S9EY0) $E4E Bussae 44
Pol Mol 430 ZAZLNE WYt HRS
Al eiAdel BEs) ol Mestel B

%1 e s
C2AY. 23HE o8 AF Fo dEHA

& ziel. =G TR, KOSEF
961- 1108~050-2(1998).

CRAG, Aw, R, o)A, e £ ¢
Bid /713 Ee] 289 Bayte &£x47
P T A, 21(2). 325~340(1999).

L BAY, &5, A0, AR o)A, ey
&o] IR /71318 28 AEHSH
WA 2 e A, 21(4). 739~752(1999).

. Schmitt, F. O., Johnson, C. H.. Olson,
A. R.. "Oxidation Promoted by Ultra-
sonic Radiation.” J. Am. Chem. Soc..
51. 370~376(1929).

. Kotronarou, A., Mills, G.. Hoffmann.
M. R., “Oxidation of hydrogen sulfide in
aqueous solutions by ultrasonic irradia-
tion.” Environ. Sci. Tech., 26, 2420
(1992).

. Kotronarou, A., Mills. G., Hoffmann, M.
R.. "Ultrasonic Irradiation of p~Nitrophenol
in Aqueous Solution,” J. Phy. Chem.,
95(9)(1991).

. Hart, E. J., Fisohner, C. H., Henglein.

S gy

10.

11.

12.

13.

14.

BB F 8D Gl s w53

A.. "Pyrolysis of Acetylene in Sonoytic
Cavitation Bubbles in Aqueous Solu-
tion,” J. Phys. Chem., 94, 284(1990).

. Inazu, K., Nagata, Y., Maeda, Y.. Chem

Lett., 57(1993).

. Francony., A.. Petrier, C.. Ultrasonic-Son-

ochemistry, 3. S77~882(1996).
Sluslick, Kenneth S.. Ultrasound.
Chemical, Physical.
VCH Inc.(1988).

Kotronarou, A.. Ultrasonic irradiation

its
Biological Effects,

of chemical compounds in aqueous solu-
tions, U-M-1, 300N. Zeeb Rd.. Ann
Arbor, MI48106, pp. 23~26(1992).

Nomura Hyroyasu, Koda Shinobu, Yasuda
Keiji, Kojima Yoshihiro, "Quantification
of ultrasonic intensity based on the
decompositon reaction of porphyrin,”
Ultrasonic Sonochemistry, 3, 8153~
5156(1996).
Hart, E. J.

Radical and Free Atom Reactions in the

and Henglein., A.. “Free
Sonolysis of Aqueous lodide and For-
mate Solutions,” J. Phys. Chem., 89,
4342~4347(1985).

David Drijvers, Robrecht De Baets, Alex
De Visscher, Herman Van Langenhove,
“Sonolysis of trichloroethylene in aque-
ous solution: volatile organic interme-
diates,” Ultrasonics Sonochemistry. 3.
583~890(1996).



