%45 %5 2 AR5 B A FROP E L Vol. 45 No. 2
2023 %4 A Journal of Civil and Environmental Engineering Apr. 2023

DOI: 10. 11835/j. issn. 2096-6717. 2021. 075 &

KL ¥ w1 1w O AR Y 8 TR S R B R
Rk BB UL 5% R K

G EEAEL AR, A AR AER At
(1. EEIFRKRS A6 F2r,F& 401331;2. b RWARZFREA A G, R 101501;
3P RS % TR REAEAE XX 430000)

W EEFRFEFETAARERLEZMBAAR Peid LR, LA BRI E AWK, 2T ki
BREEEMRBITRIE RJAEEZLE, AEMHE L BRI T TR BB LA ERAEH E
RN, RA S T IR 6 EEAHTEAN R RAEER S, FFRMNE B
B VEAARFRE AR IE 4 pHAL A ds b, 5 R af P K R A AR RvA 2 2 44T -OH
NS R 25 4 22 P K 35 E RS A2 F 69 STk . R A Box-Behnken m 5 @ %, 3 3] & 4
0 RAEBAT A A pHAE A 4 A B EA 13KV 4R EH100mg/L, EREW . ZEKET
VAR AR T P AR 3K B K, BAE SR A4 T Ak 15 min, B P A 3 (MB) B2 % 4 95.39% , st T2t & 4
14.87 g/ kWh, B R i % % % % 0.202 6 min ', & & CODAEALT 62.63% , & Z T AW T,
SLAIZEE T AL B A T AN LA B AL,

KB FEFEFR AR MBS 2 EK A @E;, TP AR

RESES:X703.1 X ERFRERD A XEHS:2096-6717(2023)02-0229-10

Response surface optimization of high-efficiency treatment of
dye wastewater with non-temperature plasma

CAO Li", LI Dexiang?, DENG Yahong®, SHI Yiguang®, YUAN Xiaobing®,

SUN Zhiguo®, FU Shijian’

(1. College of Life Sciences, Chongqing Normal University, Chongqing 401331, P. R. China; 2. Beijing Mercury
Environment Co., Ltd, Beijing 101501, P. R. China; 3.The Second Construction Engineering Co., Ltd. of China
Construction Third Bureau, Wuhan 430000, P. R. China)

Abstract: In recent decades, atmospheric-pressure plasma technology has been rapidly developed in the field of

water treatment, and has a good application prospect, but it still remains a challenge to reduce operating energy
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consumption and improve processing efficiency for industrial applications. In this paper, a simple and industrially
scalable prototype of plasma reactor based on dielectric barrier discharge (DBD) at atmospheric-pressure air
condition is employed to the methylene blue(MB) simulated dye wastewater with complex structure and stable
performance. The effects of discharge voltage, air volume, initial concentration, initial pH and initial
conductivity on the treatment of methylene blue wastewater are studied. The contribution of -OH in the
treatment of methylene blue wastewater by dielectric barrier discharge reactor is quantitatively analyzed. The
study further uses the Box-Behnken response surface method to find the optimal operating parameters of the
system: initial pH4, discharge voltage 13 kV, initial concentration 100 mg/L.. The results show that the device
can effectively treat methylene blue wastewater. After 15 minutes of discharge under optimal conditions, the MB
degradation rate was 95.39%, the energy efficiency was 14.87 ¢/kWh, the reaction rate constant was 0.202 6
min ', and the reduction rate of the chemical oxygen demand (COD) value is 62.63% , the chromaticity change
is also obvious, indicating that the device can be industrially applied to the treatment of organic dye wastewater.

Keywords: non-temperature plasma; dielectric barrier discharge ; dye wastewater; response surface; methylene

blue
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Fig.1 Structure diagram of dielectric barrier discharge(DBD)
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Fig. 2 Voltage and current waveform of dielectric barrier
discharge (DBD) at work
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Fig.3 [Effect of air volume flow rate on MB removal rate
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Tablel The contribution of *OH in the degradation of
MB dye wastewater by DBD plasma

BB E ¢/ min 5o/% /% (go—n)/ Y0 ((ge—n)/7)/ %%

3 42.98 24.99 17.99 41.86
6 67.71  37.36 30. 35 44.82
9 78.05 49.27 28.78 36. 87
12 86.18  60.29 25.89 30. 04
15 90.14  69.96 20.18 22.39
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Table1 Factors and levels of response surface methodology
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Table 3 Response surface experiment design and results

of process for MB Solution is treated by DBD

K 2 S PRE MB FE i %/ %
1 10 12 100 93. 39 93.57
2 10 13 200 90.77 91.11
3 7 12 200 92. 66 92. 39
4 10 12 300 88.21 87.93
5 4 13 200 93.11 93. 36
6 7 12 200 91. 94 92. 39
7 7 13 300 90. 61 90. 55
8 7 12 200 92.75 92. 39
9 4 11 200 91.85 91.51
10 7 11 100 95.08 95. 14
11 4 12 300 89. 56 89. 38
12 10 11 200 90.41 90. 16
13 7 12 200 92.57 92. 39
14 4 12 100 95.44 95.72
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16 7 13 100 95.91 95. 38
17 7 11 300 87.47 87.99
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