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Abstract: The electroflocculation (EC)/permonosulfate (PMS) system was used to degrade sulfamethoxazole
(SMX). The effects of current, PMS and SMX concentrations and initial pH on the degradation of SMX were investi-
gated. The electrochemical energy consumption was compared under different current conditions, and the active spe-
cies present in the reaction process were analyzed based on the quenching experiment. The results showed that the
degradation rate of SMX could reach 97.8% within 6 min by EC/PMS system under the conditions of the initial SMX
mass concentrations of 1 mg/L, the initial pH=7, the PMS dosage of 20 pwmol/L, and the current of 10 mA. Compared
with the single Fe** system, electroflocculation system and PMS/Fe’* system under the same conditions, the EC/PMS
system had a higher degradation rate of SMX. The degradation rate of SMX increased with the increased of current
and PMS concentration within a certain range, but the degradation of SMX was inhibited by the current exceeding
40 mA or the PMS concentration exceeding 20 wmol/L. When the degradation rate was basically the same, under the
condition of 10 mA current for 6 min, the electrochemical energy consumption was 9.65x10* kW +h/m?, which was

much less than the energy consumption (3.74x10° kW +h /m?®) of 2 min at 40 mA current. EC/PMS system had bet-
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ter adaptability to pH, when the initial pH was 3-9, SMX could be effectively degraded. An increase in the initial

concentration of SMX decreased the rate of SMX degradation, but the total amount of SMX degradation increased.

The free radical quenching experiments showed that the main active species in the activation process were sulfate

radicals and hydroxyl radicals, and sulfate radicals accounted for a large proportion.
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Fig. 1 Schematic diagram of the experimental device
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Fig. 2 Degradation efficiency of SMX in different systems
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Fig. 3 The effect of current on the degradation
of SMX in EC/PMS system
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Table 1  Comparison of energy consumption when the

degradation rate was basically the same under

the current of 10 mA and 40 mA
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degradation of SMX in the EC/PMS system
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3 e

(1)7E SMX W46 i i e 2 O 1 me/L W) 46 pH=T .
PMS ¥ FE 24 20 wmol/L  HL 34 10 mA (9 4544~ il i
H 22 E 22 18 Hb B ik Fe** , EC/PMS & 2 1 6 min N %)
SMX P fif 2R 7] 1K 97.8% ;

(2) 38 Jin e 7 1 PMS ¥ B2 R 312 /35 SMX 11 i iff 2
O HZ T 40 mA 5 PMS V& EE i 20 pmmol/L
2 il SMX (9 W it 5 A& R 90 1 pH R 5~9 B, X
SMX s e A7 AR LF 14 W i 25CR , i0) 46 pH Ry 3 B SMX
(14 R A% 25 2 B A B AL ABL 00 B pH 11 B SMX (1
fift 23 52 3 IR

(3)EC/PMSHR R 7= A= i) E 3G £ A th £y - OH
S0, Hd SO, BT 5 F 45 K .

&% ik

(1] BRI, VR, K B, 55 . R S BT A 3R T T BUOIR RO B8 47 1Y
WFoe kR[], BEifk 2% ,2019,38(7) : 1557-1569.
CHEN Shan, XU Fan,ZHANG Wei, et al. Research progress in pol-
lution situation and environmental behavior of Sulfonamides[J]. En-
vironmental Chemistry,2019,38(7):1557-1569.

[2

[t}

KOVALAKOVA P,CIZMAS L, MCDONALD T J, et al. Occurrence
and toxicity of antibiotics in the aquatic environment: A review[J].
Chemosphere,2020,251:126351.

BT . o B R R A AR 11 ol i S Tk M R B0 A B AR RE S L
LD J. W R I R 3 Tll R, 2019.

—
(95}
[}

YIN Renli. Performance and mechanism of sulfonamides degrada-
tion by the nonradical oxidation of persulfalesLDJ. Harbin: Harbin
Institute of Technology,2019.

(4] BCE, o, ok 45 . b i 280 3] 3 K el A= 20 Itk
UK AR ITAG BT T () ]. 3RETI5 e 5 7R, 2021,43(1) :94-102.
ZHAO Fuqiang, GAO Hui, ZHANG Keyu, et al. Occurrence and
risk assessment of antibiotics in typical river basins in China[J].
Environmental Pollution & Control,2021,43(1):94-102.

[5] WU Yao, GUO Jing, HAN Yijie, et al. Insights into the mechanism
of persulfate activated by rice straw biochar for the degradation of
aniline[ ] ]. Chemosphere,2018,200:373-379. .

[6

[}

GIANNAKIS S,LIN K'Y A, GHANBARI F. A review of the recent
advances on the treatment of industrial wastewaters by sulfate
radical-based advanced oxidation processes (SR-AOPs) [J].
Chemical Engineering Journal,2021,406:127083.

[7] DING Xinxin, GUTIERREZ L., CROUE J P, et al. Hydroxyl and sul-
fate radical-based oxidation of RhB dye in UV/H,0, and UV/persul-
fate systems: Kinetics, mechanisms, and comparison [J]. Chemo-
sphere,2020,253:126655.

LN, TR R BK A4, A L I5A T AL 0 B R Eh B L R BR TS K
s e WE T E (). Tolk K 4k 2, 2021,41(6) :66-76.

LI Hongzhou, SHEN Guochen, GENG Jinju, et al. Joint activation

—
oo
[}

of persulfate and its removal of pollutants in wastewater: Progresses
and perspective [J]. Industrial Water Treatment, 2021, 41 (6) :
66-76.

[9] OH W D, DONG Zhili, LIM T T. Generation of sulfate radical
through heterogeneous catalysis for organic contaminants removal :
Current development, challenges and prospects[J]. Applied Cataly-
sis B:Environmental ,2016,194:169-201.

[10] ZHANG Botao,ZHANG Yang, TENG Yanguo, et al. Sulfate radical

and its application in decontamination technologies [J]. Critical
Reviews in Environmental Science and Technology,2015,45(16) :

1756-1800.



AR

Tl KA F 2022-07,42(7)

[10] RIS, 00w, 45 . 5 A R 4 06 Ak 07 1 O BIF e ik e (D).
Tl KA #E,2020,40(7) : 12-17.

MI Jiru, TIAN Liping, LIU Lili, et al. Research progress on persulfate
activation method [ J]. Industrial Water Treatment, 2020, 40(7) :
12-17.

[12] WANG Songlin, XU Wenxin, WU Junfeng, et al. Improved sulfa-
methoxazole degradation by the addition of MoS, into the Fe**/per-
oxymonosulfate process| ] ]. Separation and Purification Technology ,
2020,235:116170.

[13] RADJENOVIC J, SEDLAK D L. Challenges and opportunities for
electrochemical processes as next-generation technologies for the
treatment of contaminated water [J]. Environmental Science &
Technology,2015,49(19):11292-11302.

[14

—

PEREIRA L A, DE LIMA ALMEIDA D A, COUTO A B, et al. Ti-

tanium dioxide/oxidized carbon fiber electrodes electrochemically

produced and their influences on Brilliant Green dye degradation[]J].

Materials Research Bulletin,2020,122:110642.

[15] XU Xiangrong, LI Xiangzhong. Degradation of azo dye Orange G
in aqueous solutions by persulfate with ferrous ion[J]. Separation
and Purification Technology,2010, 72(1):105-111.

[16] SHI Xingdong, LI Yitao,ZHANG Zhi, et al. Enhancement of cipro-

floxacin degradation in the Fe ( Il )/peroxymonosulfate system by

protocatechuic acid over a wide initial pH range[J]. Chemical En-

gineering Journal ,2019,372:1113-1121.

[17] DOSH,JOJH,JOY H,etal. Application of a peroxymonosulfate/
cobalt(PMS/Co( II )] system to treat diesel-contaminated soil[ J].
Chemosphere,2009,77(8) :1127-1131.

[18] s, b4z b, 25, 45 . DU 48Tk = 8k AR AOR BAN B2 Fen-

ton 12 [ fig 7K e FORERR [ ], o SRR AL, DOT: 10.19674/5.
cnki.issn1000-6923.20220314.014.
XIE xinzhuo, ZHONG jinkui, LI Jing, et al. Degradation of sulfa-
methoxazole in water by Fenton-like process using ferriferrous ox-
ide supported nanometer zero-valent iron[J]. China Environmen-
tal Science,DOI:10.19674/j.cnki.issn1000-6923.20220314.014.

[19] YU Yaqun, JI Yuefei, LU Junhe, et al. Degradation of sulfa-
methoxazole by Co,0,—palygorskite composites activated peroxy-
monosulfate oxidation [ J]. Chemical Engineering Journal, 2021,
406:126759.

[20] LUO Lianshun, WU Di, DAI Dejun, et al. Synergistic effects of
persistent free radicals and visible radiation on peroxymonosulfate
activation by ferric citrate for the decomposition of organic con-
taminants [ J]. Applied Catalysis B: Environmental, 2017, 205:
404-411.

[fEHE R ] XBEH(1972— ) B+, BIZ . E-mail: mithust@163.
como JEIRAVEE A, 1 P, E-mail:xieshiwei@wust.
edu.cn,

[WFEBEI] 2022-04-01 (& F)

» 7K 4b 3B &0 R T R -

i iR it B 32 1T JB A 46 43 R 0 e 4B 32

AU AR B AT TR 0 K x> i D 9 4 T O T R R
1B M K UL S T K 5 R 808 A A B K D T S R
ZEG Y B R AT A AL B e A L R
T T ) A BRSSO A 24 R K R R R R
U SR R A T DR R IR DL XK R e O A

Ak B A0 R b B TR E 12~15 Li(s-m?®)e Hon 76 1 5 0 0k 2%
{19 52U BE T LA 12 LA+ m? 02 BB 85 1 15 Li(s e m®)e S T 005 R
VR, T LAE U8 o 9 JEC 58 A 4 AT B PR R O DU T
it R o A VS U T U T LA AR R B AR A s AT R

(BT R R R P ERF R HKIE))



