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Catalytic oxidation degradation of tetracycline in water by

modified titanium-based lead dioxide electrode
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Jingjiang 214500, China ;2. School of Environmental Science and Engineering ,
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Abstract: Ti/NiO/Pb0O,-La electrode was prepared by modifying Ti/PbO, electrode with NiO as interlayer and doped
with rare-earth element(La). The surface of the electrode was characterized by scanning electron microscope, X-ray
spectrometer and X-ray photoelectron spectroscopy. The results showed that the surface morphology of the Ti/NiO/
PbO,-La electrode was compact and regular, with a large active specific surface area, so it had more active sites than
the Ti/PbO, electrode, and La was doped in PbO, as the state of La,0,. Through a series of electrochemical analysis
by cyclic voltammetry (CV ), linear voltammetry (LSV) and AC impedance(EIS) , it was confirmed that the electro-
chemical performance of the electrode could be improved by NiO modified titanium base and the active layer doped
with La, which had synergistic effect. Ti/NiO/PbO,-La electrode was used for the electro-catalytic oxidation of TC,
and the effects of solution pH, current density and initial concentration of TC on the electro-catalytic oxidation reac-
tion were preliminarily analyzed. The results showed that the electro-catalytic degradation of TC by Ti/NiO/PbO,-La
electrode was in accordance with the quasi-first-order kinetic model. Under the conditions of the solution pH 4.5,
current density 20 mA/cm?, initial mass concentration of TC 10 mg/L, and the reaction time 90 minutes, the removal
rate of TC could reach 98.4%.
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Fig. 1 SEM images of prepared electrodes
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Fig. 2 Element mapping of Ti/NiO/PhO,-La
after electrochemical deposition
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Fig. 5 Cyclic voltammetric curves of different
electrodes in 0.1 mol/L. Na,S0O, solution
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Table 1  Electrochemical impedance spectrum
fitting parameters of different electrodes

ZER 4 RS/( Q-cm™?) Cl/( Feem™) Rﬂ/( Q-cm™?)
Ti/PbO, 10.56 0.000 127 38 40.15
Ti/PbO,~La 8.707 0.000 204 03 38.81
Ti/NiO/PbO, 10.39 0.000 164 47 56.89
Ti/NiO/PbO,~La 6.731 0.000 341 10 15.85
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Fig. 8 Effect of pH of solution on TC degradation (a)
and reaction kinetic fitting (b)
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Fig. 9 Effect of current densities on TC degradation (a)
and reaction kinetic fitting(b)
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Fig. 10  Effect of initial mass concentrations of TC on
TC degradation(a) and reaction kinetic fitting(b)

M 10(a) 7T LAF ), B & TC )4 5T kv B 1Y
$& 7+, Ti/NiO/PbO,~La HL #f X TC 9 25 B 2 & M T
R, XF T 10 mg/L (9 TC %W, A% K 5 76 90 min Y
Xof H 22 B R i) ik 98.4% . 45 & E 10(b) K F
55U B TC A EL ARV B TC R Y HE Ak 2 I R %
T AR R R AT G — B T 2R R
H TC #7455 4 BE o 10,30 mg/L i, Hif— 2% 5
12 i £ AT L, R? ¥ K T 0.99, K2 B R K4 B
470.048.0.033 min', [ UL A5 tH 5256 25 44 T TC fefE
W46 o7 1 V< B O 10 mg/Lo
24 REMSH

FEVE WA b pH=4.5, FL L% JE 4 20 mA/em’, HL
f# J5 4 0.1 mol/L Na,SO,, TC 4] 4 i & ¢ & 4 10 mg/L
FAFTR T8 a0 B 5 A i 50 R E A2 M S 06 T A 45 FH
e By R ek, S5 R 11,

FI11(a) R T AN [F] A4 5T LA 7 o HL I 2% B8 R
o 73 A 0 A5 A . B R 11 Ca) T, LR H R



Tl K AR 3 2023-03,43(3)

W5 B
127
10 +
2
=R
Sy
6t .
—=—Ti/PbO,
—— Ti/PbO,-La
—a— Ti/NiO/PbO,
4t —+— Ti/NiO/PbO,-La
0 20 40 60
i 8] /min
(a) Jinyde 77 v il 45
100 ¢
80
R 60
<)1H{v
X 40
20}
0

1 2 3 4 5 6
i F K

(b) EE NS
Bl BiREEEST
Fig. 11  Electrode stability analysis

TEHT 20 h AR AL T3 Fa e IR AS | Bl 3 H, A 52 I 1Y) 45
SLHEAT , B L R BT T AR S — I [R] A 2 SR T F
10 VL E e BF e Bl ab TR TR . Bl 11(a)
REAZ ML S Ti/PbO, LA AE FH %44 29 h, Ti/NiO/PbO,
FL % 4 39 h, Ti/PbO,-La HLH) 24 35 h, Ti/NiO/PbO,-La
HL % 62 he H1 I AT 45, Ti/NiO/PhO,~La Hi B A4 T
At H A LA T 0 e L X L Ti/PBO, HL B 7 i
FER T 113% ., 2 AT LA Ry J2& Nio H [a] J2 B
e 3 HLPE T B RE 6% 4 5 T R R THDRLRE R
P53, 1k PO, BE 8 242 [& B 5 T Hu i R 1, B 455 La
B 245, PO, 45 i EHR & L HE0R T A B AR E M

E 11 (b) f 78 M Ti/NiO/PbO,~La Hi, B i) 42 14
S gt R . B 11 () A, Ti/NiO/PhO,-La i HY 28
i 6 YA ] 52 J5 , X TC Y [ i A 9% RE % 4 15
95% L I o i SL 5 i — 2 UE S LA NiO AR Hh E] 2 5118
Z La XF FL A #E 47 201 5 BE A% B2 i R R AT
e 0 Fa e M, Wik B T Ti/NiO/PbO,—La HL ) A 2 K

B9 A6 I A
3

Nr

¥
&

(1) ¥ Ak 2 DR il 45 3 19 Ti/NiO/PbO,-La HL
e 22T B T NS R, AT 9T OR A TE M L R
TR 5 ) S AR SRR T B i AT LA F A TR
4 R i % 4 H BELBEL(E -

(2)Y TC % W W Uh pH Ry 4.5, HL I % B2 0 20
mA/em’®, TC W) 46 57 5 24 10 mg/L, 520 I [R] 90 min
i, Ti/NiO/PhO,~La HL % % TC [ i % 25 1k 98.4% , HL
I 35 R A G U — sl Iy A

(3) 38 2o A Bl o 3 5 i 38 56 R AR S0 00 56 IE T
Ti/NiO/PbO,~La FH K H A R 47 i e vk, H &R K
1) T AE N A M

S & Lk

[1] WANG Zhicheng, XU Mai, WANG Fengwu, et al. Preparation and
characterization of a novel Ce doped PbO, electrode based on NiO
modified Ti/TiO,NTs substrate for the electrocatalytic degradation
of phenol wastewater[ J]. Electrochimica Acta,2017,247:535-547.
S PSR B MR R RAE SR AT R RI]. R
AP FREERE 24 4, 2008,27(2) : 407-413.

ZHANG Hao,LUO Yi,ZHOU Qixing. Research advancement of eco-

—
o
[t}

toxicity of tetracycline antibiotics[J]. Journal of Agro-Environment

Science,2008,27(2) :407-413.

—
w
[}

WANG Chen, WU Yilin, LU Jian, et al. Bioinspired synthesis of
photocatalytic nanocomposite membranes based on synergy of Au—
Ti0, and polydopamine for degradation of tetracycline under visible
light [J]. ACS Applied Materials & Interfaces, 2017, 9 (28) :
23687-23697.

[4] %), Bt 8 = 50, 5% . BRIE4 B PR b Ak 27 Ak 5 BRKk
M PR ER (1], BREE T AR 412, 2018, 12(1) : 57-64.

ZHI Dan, WANG Jianbing, ZHOU Yunhui, et al. Electrochemical oxi-
dation of tetracycline in aquatic environment by Ti/Sn0,-Sb anode[J].
Chinese Journal of Environmental Engineering,2018,12(1):57-64.
JEFHEE . MnO, Uk J2 Bt B T H AL S S AR B e i i g BT D .
VG2 VG 22 i SRR R 4%, 2019.

LU Yuxuan. Modification of MnO, coating and its application in elec-

—
wn
[tir}

trochemical oxidation and electrosorption of wastewater[ D]. Xi’ an:
Xi’an University of Architecture and Technology,2019.

TN B SCEE | EAEK 4 BRI La BB 4% Sn0,-RuO, H 15 10
e B Al o S R A % K [T B T 4 T, 2021, 50 (1) -
126-129.

[6

[



Tl K AL F8 2023-03,43(3)

KEE, F AERE A ERBECALERAT HT R

[8]

[10]

[11]

[12]

[15]

[16]

SUN Yanbai, HAO Wenting, WANG Weida, et al. Preparation of Ti-
based La-doped SnO,-Ru0, electrode and electrochemical oxida-
tion treatment of coking wastewater[ J]. Applied Chemical Industry,
2021,50(1):126-129.
T 3CHE A PN, 45 . otk Bk 5 PLO, LB A LTS B Y
Ko A P B+ LA Y R B 04— A BE DR 1y O ) [0 ). b I R SR R 2
2022,42(2):706-716.
YUE Wenqing, NI Yue, SUN Zepeng, et al. Degradation of organic
pollutants by modified titanium based PbO, electrode: Taking
methyl orange and 4-nitrophenol as examples[J]. China Environ-
mental Science,2022,42(2):706-716.
CHEN Sheng, CHEN Buming, WANG Shichuan, et al. Ag doping to
boost the electrochemical performance and corrosion resistance of
Ti/Sn=Sb-Ru0 /a-Pb0,/B-Pb0, electrode in zinc electrowinning[J].
Journal of Alloys and Compounds,2020,815:152551.
YANG Chao, SHANG Shanshan, LI Xiaoyan. Fabrication of sulfur-
doped TiO, nanotube array as a conductive interlayer of PbO, anode
for efficient electrochemical oxidation of organic pollutants [1].
Separation and Purification Technology,2021,258:118035.
GUI Lai, CHEN Zhen, CHEN Bangyao, et al. Preparation and
characterization of ZnO/PEG-Co( Il ) -PbO, nanocomposite elec-
trode and an investigation of the electrocatalytic degradation of
phenol[ J]. Journal of Hazardous Materials,2020,399:123018.
ANSARI A, NEMATOLLAHI D. Convergent paired electrocata-
Iytic degradation of p—dinitrobenzene by Ti/Sn0,-Sh/8-PbO, an-
ode. A new insight into the electrochemical degradation mecha-
nism[]]. Applied Catalysis B: Environmental ,2020,261:118226.
QIAN Xubin, PENG Kefu, XU Lei, et al. Electrochemical decom-
position of PPCPs on hydrophobic Ti/Sn0,-Sh/La-Pb0, anodes:
Relationship between surface hydrophobicity and decomposition
performance[ ] ]. Chemical Engineering Journal ,2022,429:132309.
R 2y R AF KR DU BR RS Y BOIR KA B 5 B B0F 5T
HEJRLT] LR AL T, 2016,45(16) :44-47.
CHENG Shi, AN Rui, MU Xi, et al. Research progress in the pollu-
tion situation and treatment methods for tetracycline in water [ J].
Shandong Chemical Industry,2016,45(16) :44-47.
LIU Guangwei, BAI Runcai. Development of the acidic mining
wastewater treatment techno]ogy[]}. Applied Mechanics and Ma-
terials,2013,295/296/297/298 : 1372-1375.
ZHANG Jian, JIANG Yuting, WANG Ziyi, et al. Preparation of Pd/
PANI/ITO composite electrode and its degradation of tetracycline
wastewater[ J ]. Journal of Applied Polymer Science, 2021, 138( 47)
51400.
AMADELLI R, DE BATTISTI A, GIRENKO D V, et al. Electro-

chemical oxidation of trans-3, 4-dihydroxycinnamic acid at PbO,

[17]

[18]

[21]

[22]

[23]

[25]

[MEE®A] K% (1973—

electrodes: Direct electrolysis and ozone mediated reactions com-
pared[J . Electrochimica Acta,2000,46(2/3) :341-347.

DONG Hao, FU Yanli, WANG Pengqi, et al. Degradation of chlor-
amphenicol by Ti/Pb0O,~La anodes and alteration in bacterial com-
munity and antibiotics resistance genes[]}. Environmental Pollu-
tion,2022,301:119031.

DONG Hao,HU Xuyang,ZHANG Yinghao, et al. Co/La modified Ti/
PbO, anodes for chloramphenicol degradation : Catalytic performance
and reaction mechanism/[J]. Chemosphere,2021,285:131568.
ALEX C,SHUKLA G,JOHN N S. Introduction of surface defects
in NiO with effective removal of adsorbed catalyst poisons for im-
proved electrochemical urea oxidation [J]. Electrochimica Acta,
2021,385:138425.

XU Mai, WANG Zhicheng, WANG Fengwu, et al. Fabrication of
cerium doped Ti/nanoTiO,/PbO, electrode with improved electro-
catalytic activity and its application in organic degradation [J].
Electrochimica Acta,2016,201:240-250.

FU Xiaolu, HAN Yanhe, XU Han, et al. Electrochemical study of
a novel high-efficiency PhO, anode based on a cerium—graphene
oxide co-doping strategy : Electrodeposition mechanism, parameter
optimization, and degradation pathways[J]. Journal of Hazardous
Materials,2022,422:126890.

SEHEAT, ZE A, R S5 4 . MoLa, O, EBLBF 2 10 155 1 XPS/AES
WFEE I . B 1 B b La i 28 4k S % & S sz i [) ], vh B £
42,1999, 17(4) :342-346.

NIE Zuoren,ZUO Tieyong,ZHOU Meiling, et al. High temperature
XPS/AES investigation of MoLa,0, model cathode I . Changes of La
during activation processes and its effects on emission[ J]. Journal of
the Chinese Rare Earth Society, 1999,17(4) :342-346.

B BRI SR TN A, S5 . BB 2 X Ti/Sh-SnO, BH A Ak AL 1
RERZ IR B WEFELT ], oF R 12241, 2013,31(4) :465-472.

BI Qiang, XUE Juanqin, YU Lihua, et al. Influences of lanthanum
doping on characteristics of Ti/Sb-Sn0, electrode [J]. Journal of
the Chinese Society of Rare Earths,2013,31(4) :465-472.
ZHANG Lei, SONG Xiaoyan, LIU Xueyan, et al. Studies on the re-
moval of tetracycline by multi-walled carbon nanotubes [J].
Chemical Engineering Journal ,2011,178:26-33.

SHAO Dan, LIANG Jidong, CUI Xiaomin, et al. Electrochemical oxi-
dation of lignin by two typical electrodes: Ti/ShSn0, and Ti/PbO,[J].
Chemical Engineering Journal,2014,244:288-295.

) HR . E-mail : 2zj@cczu.edu.cn,
EIEE AR, L . E-mail: 987734670@qq.com .

[KFEEHE] 2023-01-07 (& 2ka)



