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K, FUARRY Z(OFLE AN F 4h, MR T LA e RS MM ie, LR AW, TiO: H8L4KF hAa,
BixsFeOuo % AT TiO2 & ®, BixsFeOun 94 ER S T TiO2 B MMM A AL Z(OFL)ARE., £ H0 A E A
4 mL/L. pH=3 8, BixsFeOa/TiO2/2 180 min ALt K Fa R BAH T2t OFL 49X R &4 64.4%, Mk R HH KA
0.0049 min-,

KH#IF): TiO2; BixsFeOso; Y6551 Kk AR A
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Degradation of Ofloxacin by Photo-fenton Synergistic Photocatalytic Using
BizsFeOa40/TiO2

GUO Shenjia, LI Dangin, YAN Yi, ZHANG Wu

(College of Marine and Environment Sciences, Tianjin University of Science & Technology, Tianjin 300457,China)

Abstract: To address the issues of recycling difficulty and agglomeration in powdered materials, titanium dioxide

nanomaterials were prepared by anodic oxidatioomn method using titanium sheets as anode, platinum sheets as cathode and
NHF as electrolyte. A recyclable ternary composite material was successfully obtained by simultaneously loading BizsFeOaso
on the as-prepared titanium dioxided nanomaterials using hydrothermal assistance. In addition, the crystallographic structure
and morphology of the materials were characterized by X-ray diffraction (XRD), scanning electron microscope (SEM) and
transmission electron microscope (TEM), and the photo-Fenton catalytic properties of the composites were evaluated using
ofloxacin as the model pollutant. The results showed that TiO2 was anatase crystalline phase and BizsFeO4o was successfully
loaded on the surface of TiO2. The presence of BizsFeOaso improved the efficiency of the photo-fenton degradation of
ofloxacin (OFL) by TiOz. At an H202 dosage of 4 mL/L and a pH value of 3, the BizsFeO4o/TiO2 system demonstrated the
degradation of OFL up to 64.4% under 180 minutes of simulated solar irradiation, exhibiting a degradation rate constant (k)
of 0.0049 mint.

Key words: TiOz; BixsFeOuo; photo-fenton; hydrothermal; ofloxacin
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2.1 XRD &R 54
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BiasFeOuo #4 K} 1) (222) A1 (321) &% ThI (A AT &, 3E W
BizsFeOu MBI M) 5121 T TiO, L.

1 TiOz2. BizsFeOu & BizsFeOuol TiO2 B XRD [EiE
Fig. 1 XRD patterns of TiO2, BizsFeOa4o and BizsFeOusof TiO2
2.2 SEM #1 TEM &R 54

Bk SEM X TiO, Fil BizsFeOao/ TiO2 TS 4514
HATIES, SR 2 Fros. HE 2 THEEH,
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B TiOz, BiasFeOuo/TiOy Fifz W] E48 K, XAl fg
SR K G AT R 2 4155 (P AE ELAE F TS

(@) TiO2 (b) BizsFeOas0/TiO2
2 TiO2 & BixsFeO4/TiO2 B SEM Elf&
Fig.2 SEM images of TiO2 and BizsFeOao/TiO2
BT TEM 5 BiosFeOuof/ TiO2 FINLIE S i — 5
o, SRAE 3 fR. EE 3 (a)Hh Ay DLW g
FEREM SRRA M . Kl 3 (b) HRTEM &R
A 2 8URIBE S 0.321 nm. 0.287 nm. 0.268 nm,

43 BIXERL BiosFeOuo 1(310). (222). (321)fmTH,
K2 8L 0.351 nm X ML BLEKHT TiOz 1#(101) &
M. #F—25UEsLT XRD 5 SEM W4it, &
BixsFeOs 5 TiO KIKINE & -

(a) TEM (b) HRTEM
3 BizsFeOao/TiO2 B TEM K& HRTEM [El{§
Fig. 3 TEM and HRTEM images of BixsFeOs0/TiO2
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(a) OFL [P A1 0L (b3 5 H £y
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Fig. 4 Degradation and rate constants of OFL under

different catalytic conditions
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mL/L Ff, BixsFeOu/TiOof Mt 25 1l {4 F 38 2 % i &%
Ko

(a) OFL IAIFEA#fE L (b)ik Rk %L
B 5 TR H0: % N2 T OFL KPR E N RIRFEHEH
Fig. 5 Degradation and rate constants of OFL with different
dosages of H202
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Joe B GHER HaO2 (V) o iR IR IR,
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BT H202, H0 AT LA S e e B4E s OH (X
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O +e — -0 (VD)
Oy +2H" +e — H0; (VIn)
H,O,+e — -OH+OH™ (VI

6 A[E pH &4 T OFL HIBERIBER RIREEH
Fig. 6 Degradation and rate constants of OFL under
different pH conditions
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BizsFeOu/ TiO2 M EME JE & T [ali, A E 7]
FEVEG: . T M5 BEAT R 30 S50, 1 P4 S U6 I VA TR
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PEAL D RN AEZ RER G, 3T R R
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7 Bi2sFeOuo/ TiO2 FYTEIRFERERI 2
Fig. 7 Cyclic degradation efficiency of BizsFeOa0/TiO2
MEALTIEIAE T 5 YAl A K XRD &1 &l 8 fir
Ao ML 8 WL, SONLHT A AT £5 4 T0 ] B AR
e, IEMIMRLR AR R E .



2025 4E

SRULAE, Z5: Bi2sFeOQ40/TiO2 Y25 1 i e Ak B i S ) A2 5

8 EALFIEIFEIFRHY XRD Elik
Fig. 8 XRD spectra of catalysts before and after cycling

2.4 XFHLEAHRENE

N T ERFIEAF R N R R E S5 R N
PEVIRR, A PUIR MR . SRR AN . SR 9 EE 4 WA
902 W RIOH B IRFANIEAT B i S B T IR 5o e
RO pH=T, H0- #INEN 4 mL/L), 45RaE
9 Fisn. M 9 e LLEH, RINAHIRAE,
OFL MIP&MZTIL 62.7%. HRMEZIIANJG, OFL
JUFARBAT AR, UERH T O A2 fE A s N H g 3 2
. 2 N SR AN A S TR I S O A R ) T B
ik 22.7%. 45.2%, fEALRNZ 2] T — & 4], iE
B h*. OH 25 7Oufifbid 2. 3 Fhid 4o x
FESF I R4 2 ) DT AR B K /IMK KA O2 > OH >
h* .

K
9 FRERGFET OFL Bz
Fig. 9 Degradation of OFL in the existence of different
scavengers

PR R &5 AR BisFeOa/ TiO: 44
BRGSrmEL A #E OFL B—Mrl BENLEE, 408l 10
fizR. Horh TiOp kA 3.26 eV, BixsFeOu BN
1.80 eV 121,

10 TiO2/BixsFeOs0 B &M RIS TR R St (Lt [E] %% OFL
RN IR
Fig. 10 Photo-fenton and photocatalytic synergistic

degradation mechanism of OFL by TiO2/BixsFeOa0
composites

HHT TiO2 Ml BizsFeOuo ¥ A L Oof O F/NH]
75 (-0.33eV, MM HAIHKHEMN), H TiOz
5K, BiasFeOuo H 7 LA IHUA 1 B T e 78 3]
TiOp My r L, 57K ARV i 28 S b A e 4R H
3 (K(VI)) : BixsFeOu T Fe** 5 HL7 B A
Fe?* ((IV) ), Fe* 5Kl HaOz 43 KB AE
BROH ((V) ), FINFERAER Fe*, Bt
WS NI EAT o EAh, H20, 701 R AR RO
MR OH S B AR B s R B T 2k O
A OH B A s AP, W] B AL 7 K
OFL.

3 45 1%

ARSI KL BiosFeOao 513k T-BH AR A Ak il
%M TiOz o XRD JHRIER T BisFeOuao I A
7F TiO, L. JEi SEM M3 Tio NEIRGE M TEE
ST Ti B E, T BixsFeOw/TiO2 EE KL/
SOURL A R PRREIR g5 48, FLRL 7 (R AT B AR K, AT A3
F MR AN . JESF S IR T B A AR
AT SR RIE R, PR RS TRA
H0, f7E e AL B MR . 7F HO, INE N 4
mL/L. ¥ pH N 3T, XS OFL [1F%
R, N 64.4%. it A 3 3K S5 56 E
T Oy AL N ) F B E . B E
RN, UESE T MR R 96 B AT E .
BiasFeOao/ TiO2 5 A M4 K} 1) il 25 ok IR A4 el &5 e [4]
BB RS e AR R A T — SRR .
[T, BiasFeOao/TiO2 H &M BLHE A FL IR 1] A1 Wi
TG AE Ab B A2 v 2 A S e A R R K O T B 4k
T—ANE T

SE3CHL:

[1]] OLMO F, COLINA A, HERAS A. Determination of

UV/Vis
spectroelectrochemistry[J]. Microchemical journal, 2024,
198: 110186.

[2] LIUMJ, YU X W, YANG MY, et al. The co-presence of
polystyrene nanoplastics and ofloxacin demonstrates

ofloxacin  in  urine  using absorption

combined effects on the structure, assembly, and metabolic
activities of marine microbial community[J]. Journal of
hazardous materials, 2023, 459: 132315.



.6.

[3B] RIAZ L, MAHMOOD T, KHALID A, et al
Fluoroquinolones (FQs) in the environment: a review on
their abundance, sorption and toxicity in soil[J].

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

Chemosphere, 2018, 191: 704-720.

LI F LIU KW, BAO Y P, et al. Molecular level removal of
antibiotic resistant bacteria and genes: a review of
interfacial chemical in advanced oxidation processes[J].
Wiater research, 2024, 254:121373.

HU C Y, HE J K, LIANG J J, et al. Heterogeneous photo-
Fenton catalyst a-Fe203@ g-CsN4s@ NH2-MIL-101 (Fe)

with dual Z-scheme heterojunction for degradation of

tetracycline[J]. Environmental research, 2023, 231: 116313.

KOMARAIAH D, RADHA E, JAMES J, et al. Effect of
particle size and dopant concentration on the Raman and
the photoluminescence spectra of TiO2: Eu®* nanophosphor
thin films[J]. Journal of luminescence, 2019, 211: 320-333.
RIS, A 20 280,55, R la P 4E-AgHTiO2 YA 77
ol e e oo M A kR WF AT [0 AR Mk
1.,2024,53(1):132-136.

XU D, MA H L. Degradation of rhodamine B in water by
ultrasound-assisted  TiO2
cleaner production, 2021, 313: 127758.

HAO L, LIU TY, YAN J C, et al. Anodized BiOl coatings
and their
degradation[J]. Surfaces and interfaces, 2020, 20: 100562.

RASHID R, SHAFIQ I, GILANI M R H S, et al
TiO2-based

remediation:

photocatalysis[J]. Journal of

photocatalytic  activity of organic dye

Advancements in photocatalysis ~ for

environmental strategies for
visible-light-driven activity[J]. Chemosphere, 2023, 349:
140703.

REN L, LU S Y, FANG J Z, et al. Enhanced degradation of
organic pollutants using BizsFeOs microcrystals as an

like

enhancing

efficient  reusable
catalyst[J]. Catalysis today, 2017, 281: 656-661.
LI XF QIU Y L, ZHU Z L, et al. Novel recyclable Z-

scheme

heterogeneous  photo-Fenton

g-CsNa/carbon nanotubes/BizsFeOao

heterostructure with enhanced visible-light photocatalytic

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

ARHELEEHR

performance towards tetracycline degradation[J]. Chemical
engineering journal, 2022, 429: 132130.

o G, 7, 3 5, 56 BiosFeOao 2 BizsFeOao/GO [1il]
2 MHOCSF A I BE[J]. T B RH R 2 (B R
%%),2020,41(1):46-50

TROE XA, K BGERI & A F R BizsFeOao S HAEAL
PEREWEFE[]. fL 2 5 2R T4, 2019,36(12):29-32.
KHOJASTEH F, MERSAGH M R, HASHEMIPOUR H.
The influences of Ni, Ag-doped TiO2and SnO2, Ag-doped
SnO2/TiO2 nanocomposites on recombination reduction in
dye synthesized solar cells[J]. Journal of alloys and
compounds, 2022, 890: 161709.

MA Z P, ZHANG L N, MA X, et al. Design of Z-scheme g-
C3N4/BC/BizsFeOq0 photocatalyst with unique electron
transfer channels for efficient degradation of tetracycline
hydrochloride waste[J]. Chemosphere, 2022, 289: 133262.
PV, 3R EOR. =4EZ 4L LaFeOs/CeO2/SITiOs 55 5 fll
b R A S T A Y A S A V) P | A D
\1,2024,56(5):141-148.

LIUD, LI CL, NI TJ, etal. 3D interconnected porous g-
CsNa hybridized with Fe;Os quantum dots for enhanced
photo-Fenton performance[J]. Applied surface science,
2021, 555: 149677.

SUN K Q, YUAN H, YAN Y J, et al. Visible-light-response
2D/2D  Bi2FesOo/ZnInzSs Waals
heterojunction with efficient photocatalysis-self-Fenton

van der S-scheme
degradation of antibiotics[J]. Journal of water process
engineering, 2024, 58: 104803.

LI J M, CAO Z, WANG Q Z, et al. Highly dispersed
Fe/SnS2/kaolinite composite for the enhanced photo-
Fenton degradation of tetracycline hydrochloride[J].
Journal of alloys and compounds, 2024, 976: 173061.

GUO S J, LI D Q, YAN Y, et al. A novel recyclable
photocatalytic composite TiO2NTs @ BixsFeOa40 for
tetracycline mineralization [J]. Journal of photochemistry
and photobiology A: chemistry, 2024, 456:115799.



