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Sonolysis of Trichloroethylene in the Multi Ultrasound Irradiation Reactor
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ABSTRACT : Sonolysis of TCE (Trichloroethylene) was performed in 584 kHz rectangular reactor. At first, the effect of acoustic
power and aqueous temperature which are both important factors to operate ultrasound system on sonolysis of TCE were examined
under one side irradiation condition. First degradation rate constants of TCE and chloride yields were increased with increasing
acoustic power from 100 to 300 W. And increasing the aqeuous temperature resulted in the increase of first degradation rate
constants of TCE and the decrease of chloride yield. Sonolysis of TCE was performed under multi ultrasound irradiation conditions
that total acoustic power of 300 W was distributed according to the number of irradiation sides. First degradation rate constants of
TCE followed the order 4 sides > 3 sides > 1 side > 2 sides (parallel) > 2 sides (orthogonal). When comparing the experimental
results under parallel and orthogonal irradiation conditions of 2 sides with 300 and 450 W, first degradation rate constants of TCE
were similar, while production rate constants of hydrogen peroxide were more higher at parallel conditions compared to orthogonal
conditions.
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Fig. 1. The multi ultrasound irradiation reactor (a) The
diagram of the experimental set—up (b) The
photograph of the multi ultrasound irradiation reactor.
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Fig. 3. Effect of acoustic power on TCE degradation, H202 C O XAl X7 o x{x 7 = =
generation, and chloride yield during sonication of 3.1. T =S A} 20N STERA Hatof| T2
TCE 10 ppm solution. Experimental conditions: TCE 235l
Volume = 3.9 L; Frequency = 584 kHz; Agueous oo = _ o
temperature = 20°C 3.1.1. =31t & Hsiof| 2 TCEL| =31t 28
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=108 KR
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= Azkstal @b 7hAs AAN)E ARSI o %‘%‘:% sto] UetliSict, Fig, 3o Uepbd A Zo] 2519 &4
1.2 mL/min® & AAsHott FU4 5= 280T, &8 < 100, 150, 200, Z8]3L 300 W2 Z7H S uf, TCEY]
eEL 3570 5o z7lom AAslglon AE) 320 13 B &%= AHRE 0.0070, 0.0131, 0.0189, 1T
TE FAsHAt BS57I42 A4 35 mL/min® 243514 0.0331 min & Z7}5tQ.0H Hy000] By &% Al w3}
ARERITE, =8 Yo TCE= A &% (Liquid-liquid 0.0019, 0.0053, 0.0087, 2|4l 0.0205 min 2 A
~

h

olN

extraction, LLE)& ©]-&5}0] 4804 hexanel® 7¥skaTh.
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Lol Agol BEANS 2:1:19 HuH|2 &3 A7 & BE 2 MAEE 28 rl Zrel] "ot o9 Jri
UV spectrophotometer (Sinco, Korea)ZS ©]-€38F% A max oS A ()2 BFE & g o7)A Pas &% A=
=351 nmol|A| SFEE SAsto] 4513 o714 A (acoustic amplitude), p= & Yik(density), L2l ¢
2 KI33 g, NaOH 1 g, 18]al (NH4)6Mo7024 - 4H20 1 g L )9l SukEE (velocity)o] T}, 2] (2) of Lyt A} 7+
< 500 mL 7ol §3iA1A 2AI5HA 2™, molybdateE o] I:= Py9] AlEol vl&shs TAE 7HA 2L 9lon, Pyl ot
s galr717] ol 48NS 108 o WHAA £ & 71E9] $R[ZHcollapse time, D4 (3)), 71 FA]

th AGNL [ o] Ak51E uly] 9] 2ukx| 2 7 Fof WS 7)E Y59 Hof L% (Maximum temperature, Tmax)(4]
Apstel Hasiglet, B&o-2 vw §HOZ 500 mL S5 (4)), 282 2t &= (Maximum pressure, Pnax)(3 (5))
<rol] KHP (potassium hydrogen phthalate) 10 g& &3 AASI= 01z} =it

==

Table 1. First-order degradation rate constants (ki tce) of TCE and zero—order production rate constants (ko,H202) of H202 for
sonolysis of TCE 10 ppm solution under various acoustic power conditions

Power (W)
100 150 200 300
TCE 10 ppm Kt TcE (Zminiw) 0.0070 0.0131 0.0189 0.0331
: (R (0.9909) (0.9940) (0.9898) (0.9929)
(Teri(sujoznoom ko,Ha02 (ppm min) 0.0019 0.0053 0.0087 0.0205
(R%) (0.9957) (0.9898) (0.9990) (0,9998)
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Table 2. First-order degradation rate constants (ki tce) of TCE and zero—order production rate constants (ko,H202) of H202 for
sonolysis of TCE 10 ppm solution under various aqueous temperature conditions

Aqueous Temperature (C)

10 20 30

ki 7ce (min ) 0.0151 0.0189 0.0251

TCE 10 ppm ) (0.9927) (0.9898) (0.9673)
solution —

Poner = 200 W0 Ko 202 (ppm min™) 0.0083 0.0087 0.0114

ower = R) (0.9861) (0.9990) (0.9986)

Table 3. Comparison of experimental results of previous studies on effect of aqueous temperature

Group Experimental conditions Target substance
sonication Frequency —Power  Volume Name Vapor pressure  Log Initial conc. Results summary (C) Reference
type (kHz) (W) L (mmHg at 25C)  Kow  (ppm)
Disc 584 200 3.9 Trichloroethylene 69 2.61 10 10<20<30 This study
A Disc 500 50 0.65 Trichloroethylene 69 2.61 33 5<15<22<30 Destaillats et al, 27
Di 500 30 0.25 4~chlorophenol 8.7x1072 2.39 64 10<15<20<25=30<8540> Ji tal. ®
isc . chloropheno X . 15>50>55>60 iang et al.
Probe 20 30 0.25 4~chlorophenol 8.7x107° 2.39 64 45<40<35<30<25<20<15<10 Jiang et al. 28)
Trichloroethylene 69 2.61 100
Probe 20 350  0.385 Carbon tetrachloride 15 2.83 40<20<10 Lim et al, 29
1,2,3-trichloropropane 3.69 2.27
B Sodium dodecylbenzene
Probe 80 150 0.2 N/A 0.45 15 60<40~20 Manousaki et al. 39
sulfonate
Prob: 25, 40, 120, 120, 1.5 —nitrophenol 9'79“075 1.91 10 50<40<30<20 Sivak t al, 10
robe 25+40 240 . p —nitropheno at 20°C . ivakumar et al,
Probe 20 250 0.12 | Triphenylphosphine oxide <0.75 at 50C N/A 100 70<50<20=5 Emery et al. 31
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Fig. 5. Sonolytic degradation of TCE 10 ppm solution under
multi ultrasound irradiation conditions of 300 W.
Experimental conditions: Volume = 3.9 L; Frequency
= 584 kHz; Total acoustic power = 300 W; Aqueous
temperature = 20°C. (a) Variation of TCE degradation
rate constants and H202 production rate constants;
(b) Chloride yield at 90% removal of TCE.
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Table 4. First—order degradation rate constants (ki 1ce) of TCE and zero—order production rate constants (ko,H202) of H202 for
sonolysis of TCE 10 ppm under multi ultrasound irradiation conditions of 300 W

1 side 2 sides (orthogonal) 2 sides (parallel) 3 sides 4 sides

ki 7ce (min™") 0.0331 0.0312 0.0321 0.0339 0.0349
(RZ) (0.9929) (0.9945) (0.9965) (0.9927) (0.9976)

ko.r202 (ppm min”") 0.0207 0.0194 0.0239 0.0254 0.0298
(RZ) (0.9994) (0.9885) (0.9663) (0.9844) (0.9826)
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Fig. 6. Comparison of TCE degradation rate constants and
H202 production rate constants for sonolysis of TCE
under 2 sides irradiation conditions of 300 and 450
W. Experimental conditions: Volume = 3.9 L;
Frequency = 584 kHz; Aqueous temperature = 20°C
for 300 W and 10°C for 450 W.
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Table 5. First-order degradation rate constants (ki tce) of
TCE and zero—order production rate constants
(Ko,H202) of H202 for sonolysis of TCE 10 ppm under
multi ultrasound irradiation conditions of 450 W

2 sides (orthogonal) 2 sides (parallel)

ki 7ce (min™") 0.0481 0.0461
R% (0.9967) (0.9958)

Ko H202 (ppm min™") 0.0306 0.0348
R%) (0.996) (0.9924)
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