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Analysis of the impact factors and kinetics of the sonolytic degradation
of carbaryl using ultrasonic bath
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Abstract.Carbaryl,one of carbamate pesticides,in deionized water,has been studied for its degradation under
the radiation of low power ultrasonic bath. Effects of power,frequency,temperature,pH on the ultrasonic
degradation of carbaryl has been studied. The result showed that under the experiment condition of 50°C .
0.45W/cm? ,pHB.5,the degradation rate of carbaryl in 135kHz ultrasonic bath was the highest among 28,40,
50,135kHz,was about 40.1% after 100min ultrasonic treatment. The degradation rate increased with power,
under the experiment condition of 50kHz,50°C ,pH6.5,the degradation rate of 0.45W/cm? was 4.3 times of
0.05W/cm? Under the experiment condition of 50kHz,0.45W/cm?,pH6.5, after ultrasonic treatment for 100min,
there are nearly 45% carbaryl degradates and which is about 10 times of the degradation rate under 20°C.
Under the experiment condition of 50kHz,50°C ,0.45W/cm?,the pHB8.0 weak base solution increased the
carbaryl degradation rate to 2.8 times of the pH6.5 solution. It was found that the carbaryl degradation process
under the ultrasonic radiation were consonant with the apparent pseudo —first—order reaction by the kinetics
investigation. The apparent pre—exponential factor increased 40% compared with the original non-ultrasonic
condition,the apparent activation energy decreased 9.4% compared with the original non-ultrasonic condition.
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Fig.1  Effect of ultrasonic frequency on the degradation

of carbaryl
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Table 1  Regression equations of In(Cy/C) against t for carbaryl

at various initial concentrations without ultrasonic treatment

WG E (mg/L) IR NARE T R R  RSD(%)
0.25 y=0.00022x 09419 <72
0.5 v=0.00019x 0.9977 <8.8
1 y=0.00018x 0.9771 <7.9
15 y=0.0002x 0.9909  <4.0
2 y=0.00016x 0.9828 <6.0
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Table 2 Regression equations of In (Cy/C) against t for carbaryl

in different temperatures without ultrasonic treatment

W CC RN E T R R2 RSD (%)
20 y=0.00003x 0.9923 <8.8
30 y=0.00005x 0.9967 <9.2
40 y=0.0001x 0.9972 <8.2
50 y=0.0002x 0.9977 <8.1
60 y=0.0006x 0.9797 <6.2

Mg Arrhenius 28 lnk=—E/ (RT) +InA, Ink X} 1/T
VE B, T AR A K I T L2 FoKk R
ZE B SR AR T IS AL BEE AN HT IR FA . Plnk—1/T1E
el BTt o R W EI6 TR » B A 37 - R 25 8 B A
VAL EE,=57045.68kJ/mol, F5 1T A 1 A=415401s"",

y=—6861.4x+12.937
R?=0.9737

—111

-12 T T r T T )
0.0029 0.003 0.0031 0.0032 0.0033 0.0034 0.0035

1T
6 Al A v e 5 g R 1] R 56 2R

Fig.6  Relationship between reaction rate constant and

temperature for carbaryl decomposition in non—ultrasonic field
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Table 3 Regression equations of In (Cy/C) against t for carbaryl

at various initial concentrations with ultrasonic treatment

WIAWRPE (mg/L)  — 24 S JSAFAE 7 7% R? RSD (%)
0.25 y=0.0038x 0.9930 <123
0.5 y=0.0035x 0.9894 <9.7
1 y=0.003x 0.9992 <9.7
1.5 y=0.0025x 0.9813 <78
2 y=0.0024x 0.9941 <4.5

Rd ARG T 28 AR A In (CyO) S5 I TR )y st
Table 4 Regression equations of In (Cy/C) against t for carbaryl

in different temperatures with ultrasonic treatment

WO G N IE R? RSD (%)
20 y=0.0005x 0.9995 <10.4
30 y=0.001x 0.9894 <11.8
40 y=0.0018x 0.9911 <12.7
50 y=0.0035x 0.9894 <9.7
60 y=0.006x 0.9973 <9.8
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Fig.7 Relationship between reaction rate constant and

temperature for carbaryl decomposition with ultrasound traetment
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