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Mechanism Study of Tetracycline High Efficient Photodegradation by
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Abstract: As a narrow band gap semiconductor, Bi,WOq has great application potential in photo-degradation of or-
ganic pollutants, such as tetracycline. In present work, Bi,WOg nanosheets were successfully synthesized by a hydro-
thermal method and the photo-degradation of tetracycline under visible light irradiation were investigated. XRD,
FESEM, TEM and absorption spectra were used to characterize the structure and morphology of the material. It was
found that when adding 50 mg Bi,WO4 nanosheets into 50 mL of tetracycline solution at pH=8, 85% tetracycline
(50 mL, 50 mg/L) was photodegraded within 130 min. The photoelectron-chemical experiments and free radical cap-
ture experiments were performed to explore the photo-degradation mechanism. The results show that good photocata-
lytic performance of Bi,WO4 nanosheets are ascribed to the high electron density and photoelectron-hole separation
efficiency.
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Fig. 1 XRD patterns of the sample prepared with different
NaOH additions
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Fig. 2 FESEM image (a), TEM image (b), HRTEM image (c),
and Energy Dispersion Spectrum (d) of Bi,WO¢ nanosheets
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Fig. 3 UV-Vis absorption spectrum (a) and band gap plot of
Bi,WOg nanosheets (b)
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Fig. 4 Photodegradation of tetracycline by products prepared
with different NaOH additions (a), and corresponding curves of
InCy/C vs. time
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Fig. 5 (a) Photodegradation of tetracycline in the solution
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(b) of Bi;WOg nanosheets prepared with addition of 1 g NaOH
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Fig. 6 Radical capturing experiments

Triangle curve is the tetracycline photocatalytic experiments with

adding Bi,WO, nanosheets as photocatalysts, and circle curve is ex-

periment without photocatalysts

T HEIL BiaWOs 49K Fr e AL B g DU 3R 3R 11
ML, FEWT WG T 13 S Sy v AN TR ) B
HIZEAERA . B 6 o B BRI e AL S50
RISZME (=), Horh SR R 2 T AR, X ORI 2
AR AR, S NI R SRR . I AL
FRIE, 20N 57 7R I 5 PR B I, 3 VAR PE AT
TEE, AR S BORE T REEE 2, (HInA
X RBR S, VEBREERW 3G T o AT IR I
—HLRIIHUS, FATHEAT TSI LR Y S 56 (5
B) (& 6), ATLAEH, SR NE SRR, A
N TINRE A TP 25 VRO B2 A AN IR 18] A A2 AR Ak 5
AREIRBEIS, DR Z R AR L RGN S5 s i
AT BTSN TN Ox 46 Tk DY 2 2 IR P2 R L4 i 2 e
ERSEN BN NN AN VA 95 d N N =17
Xf AR R A INNAE O HEAG 7 2R & 1R o X A o
RN e AL S B8 AT LA, 57 P X I (AL 2 i
AR, FRRER AL B AT B g RN, TR R R
FEAR S0 A R M o 3100 B S8 B i
VU ZR A B 2k B 2R A Al 3, =0 — €
(RIS, i PR PR 2R I G FEAR T LT A D ik«

B 7(a) 9 Bia WOe 41K J A1 25 1 2 5 L JAT HA 2K,
MATATEUE H, Bi;WOs 40K i HA RSB AIE A U,
YEHIRRL R DA P AR K, KEReAE R T
A DAAE — 2 5 K A i R A S N A R AR E

0.08

(@)

J/ (Am?)

0.04 1

100 200 300 400
Time /s

5000 ©

4000 | .

3000 - .

-Z"1Q

2000 |

1000 /.-'
0 1 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000
Z'/Q

K 7 BiyWOg 49K 7E 7T WL HESE N DU AN A D A 5
8% 5 M S 56 () B Bi, WO, 90K A 1 2% 22 RS (b)
Fig. 7 (a) Signal stability of photocurrent of Bi, WO; nanosheets

under visible light irradiation for four cycles and (b) Nyquist
spectrum of Bi;, WO, nanosheets




328 /1 A = =

i $35%

10 |
5F
3 of
~
-5 L
-10 . . . .
-1.0 —0.5 0.0 0.5 1.0
E/V

Bl 8  Bi,WO 44K &R R 22 &l
Fig. 8 CV curve of the Bi;WOg¢ nanosheets

[ )t 33 B AR L A R A S R A A, S
iR AR . B 7(b)7E Bi,WOs 99K A 145 25 Hiky
tk, %24 e h AR M E L 1 Hz~100 kHzo
MEIH AT LUE H, @A X A E IR %, KA
X#E— 2 H L, RS AR 7 AL )
i AL I CRIER SR W BED Aok, 1 B U T
HLAAR SR B T N B T A LR B,

Kl 8 AFEm IR 22 Hi 2, FEah7E-0.66
0.22 V X} Ag/AgCl HB 7w Y — X Ae e HLBH 2 14
3k JFbge, Horr iEAE Ik R, SOl R A A, X
X SR A 3 TR U AT YA DR T A it R LA 2 TR L T R T
e o R, [ AKORT BH AR W AE 2 TA) 1 H A 22 2
880 mV, R HLAR R T A AR (1) IR R g — AN T
WO 8 o, HEIRK, R FH#d
FEARH PR, 7T UK K Hh 32 s e A 1 o PO,

AR T % T BiaWOs 99K F1, 9K i 1
HATE 100~600 nm. Bi,WOs 442K Ji 1 4 BN
1.78 eV, A BUF (AT WO BLRE 1. JefiEfb S R
AN Bi, WO, 49K Fr 3 DU 3R 3 BB IR U e fiE L
BEMRRETD, EAEBLIESRME T LA TERE . W
INAS TR 2R G AL Se B0 25 2R o, R B 2k
A EEMEM, FRBAA —EMIEM. Jeis
IR WX A Bi,WOs 91K Fr RUFI 6L RE 1K
BT R T B RE ), AR A T R
th, BFERNAGEMA, SCETAEREER, K
SR KR e AR T 5 I A S S AR G R E
o GE EIRGIR, Bi,WOs 9K F & —Fi id &
B AR ARAT ¥ T I e AL AR R

SEHk:

[1] SHI LEI, LIANG LIN, MA JUN, et al. Highly efficient visible
light-driven Ag/AgBr/ZnO composite photocatalyst for degrading
Rhodamine B. Ceramics International, 2014, 40(2): 3495-3502.

[2] CAO YANG, LEI XIAN-YU, CHEN QIAN-LIN, et al. Enhanced

[3]

(4]

[5

—

(6]

[7]

(8

=

[

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

photocatalytic degradation of tetracycline hydrochloride by novel
porous hollow cube ZnFe,O4. Journal of Photochemistry and
Photobiology A-Chemistry, 2018, 364: 794-800.

GAO YUAN, LI YAN, ZHANG LIANG, et al. Adsorption and
removal of tetracycline antibiotics from aqueous solution by gra-
phene oxide. Journal of Colloid and Interface Science, 2012, 368:
5540-546.

ZHU MING-YU, CAI YA-WEN, LIU SHU-YA, et al. K;TicO;
Hybridized graphene oxide: effective enhancement in photodegra-
dation of RhB and photoreduction of U(VI). Environmental Pollu-
tion, 2019, 248: 448-455.

FANG MING, TAN XIAO-LI. Review on the mechanism of metal
surface plasmon resonance enhanced photocatalysis of semicon-
ductor nanomaterials. Journal of Nantong University (Natural
Science Edition), 2019, 18(2): 1-13.

CHEN YI-LIN, LIN BI-ZHOU, WANG SEN-LIN. Design of the
open experiment for a hydrothermal synthesis of Bi,WOs nano-
plate photocatalyst. Laboratory Science, 2018, 21(5): 45-49.

XUE WEN-JING, PENG ZHI-WEI, HUANG DAN-LIAN, et al.
In situ synthesis of visible-light-driven Z-scheme Agl/Bi,WOg het-
erojunction photocatalysts with enhanced photocatalytic activity.
Ceramics International, 2019. 45(5): 6340-6349.

JONJANA SITTIKORN, PHURUANGRAT ANUKORN, THONGTEM
TITIPUN, et al. Decolorization of Rhodamine B photocatalyzed by
Ag;P0O./Bi, WOg nanocomposites under visible radiation. Materials
Letters, 2018, 218: 146—-148.

QIN FEI-YU, CUI PENG-ZHEN, HU LE]I, et al. Construction of
multi-shelled Bi, WO; hollow microspheres with enhanced visible
light photo-catalytic performance. Materials Research Bulletin,
2018, 99: 331-335.

ZHANG ZHI-JIE, WANG WEN-ZHONG, SHANG MENG, et al.
Low-temperature combustion synthesis of Bi,WOg nanoparticles as
a visible-light-driven photocatalyst. Journal of Hazardous Materi-
als, 2010, 117(1/2/3): 1013-1018.

ZHU HONG-SHAN, TAN XIAO-LI, TAN LI-QIANG, et al.
Magnetic porous polymers prepared via high internal phase emul-
sions for efficient removal of Pb** and Cd*". ACS Sustainable
Chemistry & Engineering, 2018, 6(4): 5206-5213.

TAN XIAO-LI, LIU GE, MEI HUI-YANG, et al. Fabrication of
GO/Na,Ti;0; composite and its efficient removal of 60 Co (II)
from radioactive wastewater. Science China-Chemistry, 2019,
49(1): 145-154.

WANG XIANG-XUE, YU SHU-JUN, WANG XIANG-KE. Study
on metal organic framework material in radionuclide removal.
Journal of Inorganic Materials, 2019, 34(1): 17-26.

WANG XIONG, TIAN PENG, LIN YING, et al. Hierarchical
nanostructures assembled from ultrathin Bi;WOs nanoflakes and
their visible-light induced photocatalytic property. Journal of Al-
loys and Compounds, 2015, 620: 228-232.

ZHU HONG-SHAN, YUAN JIN-YUN, TAN XIAO-LI, et al. Ef-
ficient removal of Pb*" by Tb-MOFs: identifying the adsorption
mechanism through experimental and theoretical investigations.
Environmental Science: Nano, 2019, 6(1): 261-272.

WANG XIANG-XUE, CHEN LONG, WANG LIN, ef al. Synthesis
of novel nanomaterials and their application in efficient removal of
radionuclides. Science China Chemistry, 62(8): 933-967.

QIN JI-BO, CHEN NAN, FENG CHUAN-PING, et al. Fabrication
of a novel p-n Heterojunction BiOCl/AgsSi,0; nanocomposite as a
highly efficient and stable visible light driven photocatalyst. Mate-
rials Science & Engineering B, 2018, 231: 86-92.

WANG FEI, YANG HUA, ZHANG HAI-MIN, et al. Electro-
chemical performance of morphologically different Bi,WOg
nanostructures synthesized via a hydrothermal route. Journal of
Electronic Materials, 2017, 46(1): 182—-187.

ZHANG LI-DE, FANG MING. Nanomaterials in pollution trace
detection and environmental improvement. Nano Today, 2010, 5(2):
128-142.

LIU HUI, GUO KAI, DUAN CONG-YUE, et al. A novel biosen-
sor based on the direct electrochemistry of horseradish peroxidase
immobilized in the three-dimensional flower-like Bi,WOg micro-
spheres. Materials Science and Engineering C, 2016, 64: 243-248.



