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Treatment methyl orange with persulfate

activated by modified activated carbon
ZHAO Juanjuan, QIU Yeling, HU Yun, CHEN Huiying, MA Chengwei, WANG Chao, XU Jiayu
(Heibei Key Laboratory of Hazardous Chemicals Safety and Control Technology , School of Chemical and
Environmental Engineering , North China Institute of Science and Technology , Langfang 065201 , China )

Abstract: For the low cost and high efficiency treatment of azo dyeing wastewater , modified activated carbon was applied to acti-
vate persulfate (PS) to degrade methyl orange wastewater. Single-factor experiments were performed to investigate the effects of the
dosage of modified activated carbon, the concentration of PS and Fe™ on methyl orange degradation. The degradation followed a
pseudo-first- order kinetic model, with the pseudo first- order rate constant from 0.075 7 to 1.717 8 min". The response surface
method based on Box—Behnken Design was simulated , and the effects of various factors and their interactions on the degradation of
methyl orange were studied. The factors contributed on the degradation were as follows : the dosage of modified activated carbon>the
PS concentration>the Fe** concentration. The optimum condition was 0.73 ¢/L. modified activated carbon , 2.0 mmol/L, PS and 1.08
mol/L. Fe™*. The mechanism of methyl orange degradation was investigated. Hydroxyl and sulfate radicals were identified by electron
paramagnetic resonance spectroscopy during methyl orange degradation. The surface-adsorbed hydroxyl radicals played important
roles by radical scavenging tests.
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Fig. 1 Effects of catalyst dose on MO degradation

I ] 35 98% 5 4 Ak 77 ot & ¥k BE 19 Jin #1 0.9 o/L B,
MO 7E 20 min B FEAS 57 42 B i o 3 2 PR oy el ok 3
¢ 3% LA A6 0 R 507 I 5 A A 790 450 o o 346, 2 i
T PE AR 22 MO R i 2R
W 9% % B, A AR 570 35 1k PS B AL FE fik MO 45 4 10
— 2Bl Sy, B R 5 (2) , 4 AR nT 15 50(3)
dc, /di=—F,, C, (2)
C./C,=e " (3)
o C—— RNt 20 MO J5i 5 4k B, ¢/Ls
t—— W B[], min s
by, = — 2 W TR R, min”'
TEMO P& f# it B, C/C, 5 1 I8 8 & L UG
Mk & 1 B R, B i T R RSO 1

x1 TEEALHNEMENERENINNFSH

Table 1  Kinetic parameters under different catalyst dose

AR oppormt wwggomn R
0.3 C/C,=e T 0.075 7+0.003 2 0.983 8
0.6 C/Cy=e " 0.169 9+0.010 6 0.977 8
0.9 CJC,=e 470 0.476 2+0.013 6 0.998 1
1.2 C/Cy=e " 0.9553+0.0110  0.999 9
1.5 CJC=e T 1.717 820.076 0 0.999 8
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Fig. 2 Effects of PS concentration on MO degradation
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Table 3 Analysis of variance of regression equation

SE A

A ¥r

F

p
A 3425.62 9 380.62 31.52 <0.000 1
A 2 441.61 1 2 441.61 20221 <0.000 1
B 98.49 1 98.49 8.16 0.024 5
C 2.57 1 2.57 02124 0.658 8
AB 143.64 1 143.64 11.90 0.010 7
AC 0.099 2 1 0.099 2 0.008 2 0.930 3
BC 5.38 1 5.38 0.445 8 0.5257
A? 733.03 1 733.03 60.71 0.000 1
B? 1.17 1 1.17 0.097 2 0.764 3
c? 5.17 1 5.17 0.428 1 0.5338
Tl 4% 84.52 7 12.07
1) 68.46 3 22.82 5.68 0.063
2R 22 16.06 4 4.02
Jo¥;ll 3510.15 16

Fig. 3 Effects of Fe** concentration on MO degradation 7 2525 B B 3 (p<0.000 1), 77 25 25 5% 3% (p<0.05) o
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Table 2 Design and results of the response surface method [TEN
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1 0.60 1.05 0.75 95.73 240
2 0.60 1.05 0.75 95.21 g
3 0.60 2.00 1.08 99.43 == ¥
4 0.60 1.05 0.75 91.74 “E s %
5 0.60 1.05 0.75 93.74 2
6 0.30 2.00 0.75 76.77 g s
7 0.60 0.10 0.41 95.51
8 0.30 1.05 0.41 65.53 S )
9 0.90 1.05 0.41 99.95 C U&;‘[’]E‘/’gu)"‘go 090
10 0.60 0.10 1.08 95.76
11 0.30 0.10 0.75 52.10 108
12 0.60 2.00 0.41 94.54 098 2
13 0.30 1.05 1.08 64.91 2 089 X
14 0.90 0.10 0.75 99.23 ER) g
15 0.90 1.05 1.08 99.96 ) g
16 0.60 1.05 0.75 96.95 5 060
17 0.90 2.00 0.75 99.93 osi
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Fig. 4 Effects of various parameters on
MO degradation contour and 3D surface
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Fig. 5 EPR spectra of modified activated carbon system
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Fig. 6  Effect of radical scavengers on MO degradation efficiency
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