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Photocatalytic Degradation of Acetamiprid by TiO, and Xe Lamp: Kinetics and

Degradation Intermediates

ZHOU Wen-chang', YANG Hai', HU Zhi-bin*, LAN Shi-lin’
(1. College of Chemistry and Chemical Engineering, Hunan Institute of Engineering, Xiangtan 411104, China; 2. National Engineering
Research Center for Agrochemicals,Hunan Research Institute of Chemical Industry,Changsha 410007, China)

Abstract: Photocatalytic degradation kinetics of acetamiprid was studied by both of single-variable-at-a-time ( SVAT) and central
composite design (CCD) experiments based on four factors, such as catalyst dosages, substrate concentration, temperature and pH
values. The results indicated that degradation of acetamiprid followed pseudo first-order kinetics by Langmuir-Hinshelwood model,
increased with the increasing of temperature and the decreasing of substrate concentration. The photocatalytic degradation kinetic rate of
acetamiprid was low in acid solutions, while high in weak acidic and alkaline solutions. After studying the synergistic effects of these
four classic parameters, the optimal experiment conditions for photocatalytic degradation of acetamiprid were obtained as follows: TiO,
at2.30 g-L™', initial acetamiprid concentration of 90.0 wmol:L™", temperature of 37.5°C and pH value at 5.0. Lastly, 7
degradation intermediates of acetamiprid were detected during photocatalytic process by HPLC, and 6 of them exhibited more polar than
the parent molecule.

Key words : acetamiprid ; photocatalytic degradation; single-variable-at-a-time; central composite design; degradation kinetics
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Fig. 1 Photocatalytic degradation kinetics of acetamiprid
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Fig. 2 Effects of TiO, dosage on the photocatalytic degradation rate constant of acetamiprid
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Fig. 3  Effects of initial concentration on the photocatalytic

degradation rate constant of acetamiprid
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v =0.00501 +0.992 9x
0.9 R=0997

0.8

HFAL

0.7 +

0.6

0.5 0.6 0.7 0.8 09 1.0
Rt A1
Ee6 XWESITEEREXKE
Fig. 6 Experimental and calculated values for the

removal efficiency of acetamiprid
G 0 AT B E KOG A AL i B B AL AR IR
Ti0, VeI 2.30 gL, FEHIVEE 90.00 pwmol <L~
IR 37. 5°C  #WBRIR pH =5. 0. TERLZRAE T BE

JPKAE 60 min BYFEAR N 0. 95, T SLIRAE 4 0. 97, Fi
HAHZE 0. 02, 3= %A 7Y BEAR S b T30 B H Dk 1) S
TR R i 5.
2.3 BE UG P BET R] Y22 Ak

R T 2D ST E KA A Rt AR P
A W AT i B b B Al ot R P v RO AH 3%
XA B A o [a] 7= M AT T 0020 B 53 25 43 AT
JRHCNE Pk e B 4 100 wmol - L™ FT TiO, ¢ Ky
1.0 g-L™DUpALIEf# 60 min (4 HPLC &3 E47 4
Br, 25 R 8 FEl 9. fy &l 8 HI I, WE HUBKAE S fiFk
AR T T RS Y, O B 6 AR AR
Py SO0 P R B BSF ) 34 /)N T I e B 33K v B e
PR AR R, Tl O DUJ 3 A it 5 D' A 0 3 e i (1)
FRRE A 63 figf ™ 4y 06 T REL St B 5G4



12 4 JEHSCE A WE BB IR AR 2 1 2 b B LR AR = W i 43 b 4683
F2 FEWEHTRRIWIEITHER
Table 2 Experimental data in CCD for photocatalytic degradation of acetamiprid
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5 2.30 230. 00 37.50 5.00 0. 680 0. 681
6 2.30 90. 00 12.50 9. 00 0. 830 0. 829
7 1.60 300. 00 25.00 7.00 0. 500 0. 493
8 1.60 20. 00 25.00 7.00 0.978 0. 987
9 2.30 90. 00 12. 50 5.00 0. 924 0.914
10 1. 60 160. 00 25.00 3.00 0. 780 0. 786
11 0. 90 90. 00 12.50 9. 00 0. 740 0. 740
12 1. 60 160. 00 25.00 7.00 0. 740 0. 740
13 0.90 230. 00 37.50 9.00 0.67 0. 690
14 3.00 160. 00 25.00 7.000 0. 845 0. 835
15 0.90 230. 00 37.50 5.00 0. 660 0. 649
16 1.60 160. 00 25.00 7.00 0. 740 0. 740
17 2.30 230. 00 12. 50 5.00 0. 540 0. 549
18 2.30 230. 00 12. 50 9. 00 0. 580 0.582
19 2.30 90. 00 37.50 9. 00 0.910 0.929
20 1. 60 160. 00 25.00 7.00 0. 740 0. 740
21 0.90 230. 00 12. 50 5.00 0. 555 0. 546
22 0.90 230. 00 12. 50 9.00 0. 520 0.515
23 0. 90 90. 00 37.50 5.00 0. 889 0.897
24 1.60 160. 00 25.00 7.00 0. 740 0. 740
25 0.20 160. 00 25.00 7.00 0.710 0.722
26 1.60 160. 00 0. 00 7. 00 0.587 0. 598
27 1.60 160. 00 50. 00 7.00 0. 810 0. 801
28 2.30 230. 00 37.50 9.00 0. 780 0.798
29 1. 60 160. 00 25.00 7.00 0. 740 0. 740
30 0. 90 90. 00 12.50 5.00 0.915 0.897
£3 MWEAEEFERRER PE
Table 3 Response surface model regression coefficient and P-value for the response
A5 ez EIEER+4 F P
TiO, W% x 0.11 12.94 0.002 6
R % 3.871 x10 73 154.23 <0.000 1
R 3 3.766 x 10 73 4.89 0.0430
RIS pH xy 0.11 75.13 <0.000 1
TiO, WP x IRYIRIHR B %)%, 6.760 x 10 3 0.79 0.3878
TiO, ¥REE x 14 8.214 x10~* 3.72 0.0727
TiO, WP x BRI pH X%, 0.011 18.31 0. 0007
TR X IR %y %3 2.964 x 103 48.50 <0.000 1
SRV < W HI4G pH %)%y 2.103 x10°* 62.48 <0.000 1
THLEE < W #I46 pH X3, 7.175 x10°* 23.20 0.0002
TiO, ¥R x TiO, W %2 0. 020 11.43 0.004 1
TR BE < IRk B %, 2.126 x10~° 1.341 x10 73 0.997 1
TR < R %32 6.487 x10 3 12.70 0.002 8
WS Is pH x BERR] 46 pH %y 2.247 x10 73 9.99 0.006 5
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