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Efficient Degradation of Ciprofloxacin by S-Scheme BiOBr/WQO; Heterojunction under
Simulated Visible Light

CHAI Xu'?, GAO Shengwang®, ZHANG Yuxuan?, WANG Guoying®, GAO Jianfeng'
(1. School of Chemistry and Chemical Engineering, North University of China, Taiyuan 030051, China; 2. Chinese Research
Academy of Environmental Sciences, Beijing 100012, China; 3. College of Environmental Science and Engineering, Taiyuan
University of Technology, Taiyuan 030024, China)

Abstract: The control of pollutants has attracted considerable recent attention. The removal technology of antibiotics as pollutants
becomes a challenge, especially water treatment technology based on photocatalytic degradation of antibiotics. In this paper, WO3
was prepared by a hydrothermal method, and the S-scheme heterojunction BiOBr/WO; was constructed by a precipitation method at
room temperature. Compared with BiOBr and WOj;, the formation of S-scheme heterojunction improves the photocatalytic activity,
and reduces the recombination rate of photogenerated electron—hole pairs. The optimum photocatalytic performance of BiOBr/WO;
with a mass fraction of 20% can be achieved, and the degradation rate for ciprofloxacin (CIP) is 94.93% within 120 min. Based on the
electron spin resonance and radical trapping experiments, ‘O, is a primary active component in the photocatalytic degradation of CIP.
The results of high-performance liquid chromatography-mass spectrometer system indicate that six intermediates are produced during
the degradation of CIP, which are eventually mineralized into CO,, H,O and other inorganic ions.
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Fig. 1 XRD patterns of prepared materials
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Fig.2 XPS spectra of BiOBr, WO; and BiOBr/WO; composites
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Fig. 3 Field emission scanning electron microscopy (FESEM) and transmission electron microscopy (TEM) of BiOBr, WO; and

BW-20 samples
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(a) HR-TEM image of BW-20 sample

(b) EDS spectra of BW-20 sample

(c) Elemental mapping of BW-20 sample

K4 FE5 BW-20 ) HR-TEM 2 EDS
Fig. 4 High resolution-TEM (HR-TEM ) and energy dispersive spectroscopy (EDS) of BW-20 sample
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(b) Estimated band energy spectra of samples

Bl 5 il & AT RHR SR Ah—PT A8 s S Ol i IR i SR 1) BT R .
Fig. 5 Ultraviolet—visible (UV—Vis) diffuse reflectance spectra and estimated band energy spectra
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Fig. 6 Electrochemical impedance spectroscopy (EIS) and photoluminescence (PL) measurements of sample BW-20, BiOBr and WO,
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(b) Kinetics curves
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Fig.7 Degradation rates and kinetics curves of ciprofloxacin by different proportion catalysts
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(b) Kinetics curve
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Fig. 8 Effect of composite materials dosage on the degradation rates and reaction kinetics of 10 mg/L ciprofloxacin

3.3 EUFIREMS

£ 71) 6 T B A2 Al A A R o A sz B I
WEEFZE. TEVIM6E pH AN 7, CIP VGG E N
10 mg/L, fEALFIFBMES 0.5 g/L, W T FE
BW-20 %42 5 ANMAMMESFIHZE, 4558 mK 9 fr
TNe G35 RIEM LIS 5, FF i BW-20 Xf RV 2
(IR fR AR BENSIE E] 90.8%, JeEALTEMERICIR
/N, ULBAFE S BW-20 B AL A A RIFESE
A PR AR E

B9 FEdh BW-20 0 G HEAL B RA P b B2 0 1TACR) 4 e
Fig. 9 Recycling property of BW-20 sample for photocatalytic
degradation of ciprofloxacin
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Fig. 10 Mott—Schottky plots of WO; and BiOBr

p(CIP)=10 mg/L, p(BW-20)=0.5 g/L.
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Fig. 11 Species trapping experimental results for

ciprofloxacin degradation by BW-20 sample
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(@) 02 (b) -OH

12 Oy, OH iy FIRRESL R Wi
Fig. 12 Electron paramagnetic resonance (ESR) spectra of -O, and -OH

IEF is internal electric field; VB is valence band; CB is conduction band; NHE is normal hydrogen electrode.
Bl 13 FEED BW-20 7E 7] WGBS R OB AE AL S RE AL 1
Fig. 13 Photocatalytic reaction mechanism of BW-20 sample under visible light irradiation
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Fig. 14 Possible degradation pathways of CIP
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