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Figure 1 (A) SEM image and (B) XRD spectrum of Fe;O, magnetic nanoparticles. (color on line)
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Figure 2 (A) Degradation curves of OTC with time in control experiments of Fe;O, and electrochemical system; (B) Quasi-first-

order kinetic plots of OTC degradation by Fe;O, and controlled electrochemical systems; (C) Degradation curves of OTC with

different PDS concentrations over time; (D) Quasi-first-order kinetic plots of OTC degradation with different PDS concentrations.
Initial reaction conditions: [PDS] = 2.0 mmol-L", pH =4.0,j = 15 mA-cm? [Fe;0,] = 0.1 g-L", [OTC] = 50 mg-L". (color on line)
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Figure 3 (A) Degradation curves of OTC with different pH values over time; (B) Quasi-first-order kinetic plots of OTC degradation

at different pH values; (C) Degradation curves of OTC with different j over time; (D) Quasi-first-order kinetic plots of OTC degradation
with different j. Reaction conditions: [PDS] = 4.0 mmol-L", [Fe;0,] = 0.1 g-L"', [OTC] = 50 mg-L". (color on line)
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Figure 4 (A) Degradation curves of OTC with different Fe,O, concentrations over time; (B) The quasi-first-order kinetic plots of OTC

degradation with different Fe,O, concentrations; (C) Degradation curves of OTC with different initial OTC concentrations over time;

(D) Quasi-first-order kinetic plots of OTC degradation with different initial OTC concentrations. Reaction conditions: [PDS] = 0.004

mol-L", pH=7.0,; =30 mA-cm? [Fe;0,] = 0.1 g-L", [OTC]

=50 mg-L". (color on line)
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Table 1 Efficiency and kinetics of electrochemical degradation of OTC

Parameter Degradation efficiency Rate constant (k,, min™) R?

2.0 75.88% 0.02949 0.995
PD trati
S concentration 3.0 80.03% 0.03077 0.962
(mmol-L")
4.0 80.62% 0.03400 0.993
5.0 76.99% 0.03014 0.979
3.0 75.57% 0.02993 0.999
4.0 83.5% 0.03715 0.994
pH
6.0 83.99 0.04454 0.986
7.0 84.67% 0.05018 0.954
9.0 83.2% 0.04276 0.989
15 84.67% 0.05018 0.954
Current density j 20 85.84% 0.04766 0.979
(mA-cm?) 30 87.18% 0.05369 0.995
40 85.90% 0.05092 0.974
0.05 72.61% 0.02622 0.96
Catalyst dosage 0.10 87.18% 0.05369 0.995
(gL
0.15 83.53% 0.04896 0.977
0,
Initial OTC 50 87.18% 0.05369 0.995
Concentration 70 88.75% 0.06069 0.976
T

(mg-L%) 90 77.31% 0.02350 0.858
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Figure 5 (A) UV curves showing electrochemical degradation of OTC over time; (B) Degradation curves of OTC by 2.0 mmol - L

free radical quencher over time; (C) Quasi-first-order kinetic plots of OTC degradation by 2.0 mmol-L" free radical quencher; (D)
Reproducibility test of Fe;O,. Reaction conditions: [PDS] = 4.0 mmol-L", pH = 7.0, j = 30 mA -cm?, [Fe;0,] = 0.1 g-L", [OTC] =

70 mg-L". (color on line)
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Electrochemical Degradation of Oxytetracycline Catalyzed by
Fe;0, Magnetic Nanoparticles

Fang Ying', Shan-Shan Xu? Yan-Bing Xu', Miao-Miao Liang?, Jian-Feng Li*
(1. Hangzhou Ecology and Environment Monitoring Centre of ZhejJiang, Hangzhou 310004, ZheJiang, China;

2. Department of Chemistry, College of Chemisiry and Chemical Engineering,
Xiamen University, Xiamen 361005, Fuyjian, China)

Abstract: The purpose of this study is to optimize the electrochemical degradation of oxytetracycline (OTC) in water using a low
cost and simple preparation method. In this paper, the Fe;O, magnetic nanoparticles were used as catalysts to activate the electro-
chemical oxidation system of peroxydisulfates (PDS) which acted as electrolytes to provide active free radicals in order to improve
the degradation of OTC under the condition of applying current. As one of the tetracycline antibiotics (TCs), OTC is one of the most
used antibiotics in the world, therefore, it is necessary to study the effective degradation of OTC. By means of field emission scan-
ning electron microscopy (FESEM), X-ray diffraction (XRD) and other characterization methods, it was proved that the Fe;O, mag-
netic nanoparticles at about 150 nm were successfully prepared by a simple hydrothermal method. Firstly, it is suggested that the ap-
plication of electric current and the presence of Fe;O, magnetic nanoparticles are necessary for the effective degradation of OTC.
Secondly, the optimal reaction experiment confirmed an excellent OTC degradation ability by combination of Fe;O, magnetic
nanoparticles and current . The optimal reaction conditions were as follows: the concentration of PDS was 4.0 mmol - L", the initial
pH value of the solution was 7, and the current density j was 30 mA -cm™ When the dosage of Fe;O, magnetic nanoparticles was
0.1 g-L" and the initial OTC concentration was 70 mg-L", the degradation rate of OTC could reach 88.75% within 60 min and the
rate constant of the first-order kinetics simulation curve could reach 0.06069. In addition, the variation of UV-vis characteristic peak
of OTC during the degradation process revealed that the change of OTC concentration was not due to simple physical adsorption,
but through the complete degradation of active free radicals. In addition, after the continuous circulation of Fe;O, magnetic nanopar-
ticles for 5 times, the degradation rate of OTC could still reach more than 68%, proving that Fe;O, magnetic nanoparticles have
good catalytic stability. The presence of Fe;O, magnetic nanoparticles and the application of electric current could promote the for-
mations of SO, ~and * OH, respectively. The radical quenching experiments showed that both SO, - and *OH were active free radicals
degraded by antibiotics. This work uses a low-cost catalyst to enhance an electrochemical degradation of OTC. The experimental

operation is simple, the degradation rate is fast, and the energy consumption is low. It is promising to practical applications.

Key words: electrochemical oxidation; oxytetracycline degradation; Fe,O, magnetic nanoparticles; stability
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