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Fig. 1 Photocatalytic removal efficieny(A) and fitting curves( B) of NOR aqueous solution on different photocatalysts
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Table 1 Photocatalytic degradation kinetics of NOR over different photocatalysts

Catalyst 1st order eq k/min ™! R?
TiO, + H,0, —-1In (¢,/¢y) =0.0023¢ +0. 0401 0.002 3 0.8263
C/Fe-Bi, WO, —-1In (¢,/¢y) =0.0159: —0.0022 0.0159 0.9929
C/Fe-Bi, WO4 + H, 0, —1In (¢,/¢y) =0.0751¢ -0.2152 0.0751 0.996 8
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Fig.2 Effect of pH on the removal efficiency of photocatalytic oxidation NOR (A) and fitting curves ( B) over
C/Fe-Bi, WOy catalyst
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Table 2 Photocatalytic rremoval kinetics of NOR over different pH values

pH Lst order eq k/min ~! R?

3 —1In (¢,/¢y) =0.0165: -0.0256 0.016 5 0.998 1
5 —1In (¢,/¢y) =0.0501¢ —0.058 0.0501 0.9982
7 —1In (¢,/¢y) =0.0751: -0.2152 0.0751 0.996 8
9 —1In (¢,/¢y) =0.059¢ -0.0691 0.059 0.998 7
11 —1In (¢,/¢y) =0.019¢ -0.0283 0.019 0.997 1
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Fig.4  Effect of C/Fe-Bi, WO, concentration on the removal efficiency of photocatalytic oxidation NOR (A) and
fitting curves(B) over C/Fe-Bi, WO, catalyst
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Table 3 Photocatalytic removal Kinetics of NOR over different catalyst dose

C/Fe-Bi, WO, dosages/(g-L~") Ist order eq k/min ™! R’
0.5 —1In (¢,/¢y) =0.0262¢ +0.0656 0.0262 0.994 5
0.75 —1In (¢,/¢y) =0.0751¢t - 0.2152 0.0751 0.996 8
1.0 —1In (¢,/¢y) =0.0664¢ —0.1018 0.066 4 0.997 3
1.25 —1In (¢,/¢y) =0.0512¢ -0.0748 0.0512 0.9973
1.5 —In (¢,/¢y) =0.0452¢ -0.061 0.0452 0.9982

2.2.3 H,0,REAFC/Fe-Bi, WO BAEAL K TR it B3V 269 %vm  ASITJEIAL, H, O, TE B S AL e B G
P FE A BT A AR . BRI, %48 T H,0, &8 100,150,200 250 F1300 mg/L &4,

JeAE A AL NOR [ SRR IGO0, S0 25 S AN &l 5 i . MBI 5A ] 1, #EH, 0, H 424 200 mg/L B, NOR 25
BRAR B K ME . R, 7ERE S 9 SE 50 v, %€ H, 0,4 200 mg/L,

5
100~ 4 L B A
% i ar o 100 mg/L
B r e 150 mg/L
S B L
< ~ 3 A 200 mg/L
3 ek 100 mg/L S ) & :
3 i —e— 150 mg/L s v 250 mg/L
5 0 —a— 200 mg/L £ 2 @ 300 mg/L
g 70 —— 250 mg/L -
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Fig.5 Effect of H,0, concentration on the removal efficiency of photocatalytic oxidation NOR (A ) and fitting
curves(B) over C/Fe-Bi, WOy catalyst
a. 100 mg/L; b.150 mg/L; ¢.200 mg/L; d.250 mg/L; e.300 mg/L

BEAk, X C/ Fe-Bi, WO L HEIL AL NOR HIERAEAT LA, 45 2RI SB Fis s M Al A ) i R AT
BAU— P AR B A SRR 4
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Table 4 Photocatalytic rremoval kinetics of NOR over different H, O, mass concnetration

H,0, concentration/(mg-L~") 1st order eq k/min ™! R?
100 —In (p./py) =0.0416¢ —0.0036 0.0416 0.9992
150 —1In (p,/py) =0.0489: —0. 0402 0.0489 0.998 8
200 —1In (p,/py) =0.0751¢ —-0.2152 0.075 1 0.996 8
250 —In (p,/py) =0.0523¢ -0.0068 0.0523 0.9993
300 ~1In (p,/py) =0.038¢ -0.0077 0.038 0.999 1

2.3 C/Fe-Bi,WO St S ER D E KR R IEERIT
JEECAE (PL) R LA AN ~F AR AT O A 2 SR L T IO A% e i A & e A o AR SO0
C/Fe-Bi, WO HlI Bi, WO, #EAT TOLEAOOEIENIA, 25 R A&l 6 FroR .
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BT LEAF I B], BR8P T C/Fe-Bi, WO, DG HEAL E
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Fig. 6 PL emission spectra of C/Fe-Bi, WO, and R BTk
Bi, WO, Fig.7  Different reactive oxygen species contribution to

norfloxacin photocatalytic oxidation degradation
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Fig.8 Schematic diagram for photocatalytic oxidation of NOR over C/Fe-Bi, WO,
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2.4 C/Fe-Bi, WO XN ENIERD EREMR=Y D

L AL NOR (YREAR I # , SE360 X NOR [ figf o i v = A iy v ] P gk A7 1 A . 7EJ
N FEATE] 10 .20 F1 40 min B2 O X AS [R5 20 04 B 0 43 326 AT LC/MS Al o AR AR XS 73+ Bt it
A RIS SO AT, 7EBIEIL AR NOR s fErp, EBE R T 6 R ef I =4 (1 ~6) ,
m/z 435108 294 279 206 318 247 F1 336 I (1) 7 T 4549102 5 s

&5 NOR HISEAEN FAFEME T E =4

Table 5 Decomposed products of norfloxacin by photocatalytic oxidation degradation

Material m/z Molecular formula Chemical structure

F
OH
Norfloxacin 320 €16 H 4 FN, 0, |
(\N N
F
OH
Product 1 294 Ci4sHgFN; 04 M
h N N
F
Product 2 279 C,HsFN,O MOH
roduct 144115 2V3
/\N NK
O
F
Product 3 206 ¢, H,,FN,0 |
HN N
HC
CH
Product 4 318 CioHoN; 0, |
ﬁN N
HO
OH
Product 5 247 CipHipN, 0, ‘
HN N
0]
F
| OH
Product 6 336 CiHigFN; O,
(\N N~ DoH

HRAEASIN 2] (1) 7 TS5 F T B 004 1 6 AL A1k NOR YRR BR A% , 25 R an1E 9 Iz . NOR 1 R A i
Bz — M FURGE AL, 220 m/z 2y 294 279 206 = Ffj=4), NOR [ 5] —F B fifk 5 45 Ry R SL B
., A m/z g 318 (KSR 1), W) S IR R SRk — 2P AL, 2R B m/z Ty 24T 1)7=1) . NOR 9 5H
3 ZR IR AR RS DO VIR , 2 B /2 Dy 336 FRFREEAL W o I AT BB P W B 2 e A /N T4
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Fig.9 Degradation paths in the photocatalytic oxidation degradation of NOR
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Efficiency and Mechanism of Photocatalytic Oxidation of
Norfloxacin in Wastewater by C/Fe-Bi,WO,

CHEN Shijie, TANG Xiaojun’, CHEN Xi*, LI Yingjie* , GAO Lidi", WANG Peng’
(“College of Chemistry and Chemical Engineering ,Qigihar University Qigihar ,Hetlongjiang 161006, China;
*School of Municipal and Environmental Engineering ,Harbin Institute of Technology , Harbin 150090 , China )

Abstract The C/Fe-Bi, WO, photocatalyst was prepared by a two-step method, involving resin carbonization
and hydrothermal reaction process. Comparative research on photoactivities of different catalysts was carried
out. Influence of condition factors on photocatalytic oxidation degradation of norfloxacin( NOR) solution under
simulated sunlight irradiation was investigated. The degrading reaction fits the first-order kinetics well under
experimental conditions. After irradiation under a 500 W Xenon lamp for 60 min, NOR completely
ap) 0f 0.0751 min~" under the conditions that the
initial concentration of NOR is 10 mg/L, the C/Fe-Bi,WO, loading is 0. 75 g/L., and the concentration of
H,0, is 200 mg/L at pH 7.0. The OH formation in C/Fe-Bi, WO, photocatalytic oxidation was studied via

molecular fluorescence spectrum, and the possible photocatalytic oxidation mechnasim and the degradation

decomposed with the first order reaction rate constant ( K

paths and intermediate products of NOR were proposed.
Keywords C/Fe-Bi, WO, ; photocatalytic oxidation ;norfloxacin
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