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Synthesis of ZnFe,O,/TiQ, composites and its photocatalytic

degradation of Indomethacin under simulated sunlight

LU Yida LIU Guoguang ™ WANG Fengliang Z0U Xuegang
MA Jingshuai ZHANG (Qianxin CHEN Ping

(School of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou, 510006, China)

Abstract; In this study, stable ZnFe,0,/TiO, catalysts were successfully prepared by coupling TiO,
with ZnFe,0,. The morphology, structure and optical properities of the ZnFe,0,/TiO, composites
were characterized by UV-Vis absorption spectoscopy (UV-Vis) , transmission electron microscopy
(TEM) and X-ray diffraction (XRD). The doping contents of 3wt% ZnFe,0, resulted in 2.15 fold
higher photo catalytic degradation rate of indomothacin (IDM) rate than of pristine TiO, due to the
heterojunction. The photocatalytic degradation of IDM was highest under the condition of pH 5, T'=
25°. The photodegradation of IDM followed pseudo-first-order kinetics and IDM was removed 95%
under 15 mins under simulated sunlight exposure. With the increase of the photocatalyst

concentration, the photocatalytic efficiency was correspondingly strengthened. The catalysts retained
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a stable photodegradation efficiency of >90% for at least 5 cycles. The quenching experiment
revealed that the contribution rate of photogenerated holes (h*) , which is the main active species in
photocatalytic degradation of IDM, was 78.2%.

Keywords : Znke,0,/TiO,, photocatalytic degradation, indomethacin, kinetics, mechanism.
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FEREfRSCES , B0 5 min BURE 3 mL, RSk S B a8 i i i AL 7] ZnFe, 0,/ Ti0y , 55 H S A0OAE (i
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Fig.1 Rotary photochemical reactor
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FRLG) AT 270 nm, 7# A 1 mL-min™", KETRK 40 °C, #ERERFN 20 L.

2 5 59718 (Results and discussion)

2.1 AR RAE
2.1.1 JESIEIME

FHIB L F B ABE X ZnFe,0,/TiO, 2 A M EHEATIE S RAE CANE 2 Fizn )t 2 mlAT, 4 Ak
P25 JERERAVE A BRIR B HA ST IRIY I RS H | ELERREERENS 5 — S 1Bk P25 KikfH7E—i.



12 fi—ik%  Zoke, 0,/ TiO, £ S RHN I & SHAERHUR B P OCAEIL RIS A FIPLERRT Y. 2553
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Fig.2 TEM images of ZnFe,0,/TiO,

2.1.2 SrAPERERIE

K3 2 3 AL E 5 22 A n] OGSO (UV-Vis) S35 20 BOGiE% & f 18] 3 g i f A ]
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Fig.3 UV-Vis absorption spectra of ZnFe,0,,
TiO, and 3%wt ZnFe,0,/TiO,
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HEAEAEBEXT IDM B R AR AR SR 0, GBS SN 338 88 & 2 0.3274 min™", HU2E TiO, i i 1 52 X2 Hh
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R BEPN T HE OIS TDM 114 e i R 23 i =2 bR, DR Ay 22 5 A 500 8 45 6 185 o, e 300 70 355 P8 7 s
ARG, GeE A B Z IS A A SR T IDM (R A

o Blank
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ATiO,

V ZnFe 04 TiO, IR &
O 1%witZnFe,0,/TiO,
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-5 % 20%wtZnFe,04/TiO,
I T T T Ty I A S |

0 2 4 6 8 10 12 14 16

t/min

t/mim
B 5 RFE#BZRE ZoFe,0,/TiO, 6 [ 3%wt ZnFe,0,/TiO, ¥k i
Xof IDM ' 86 A 14 5 Ml Xof IDM ' 8 A 14 5 1l
Fig.5 Effect of doping ratio.of ZnFe,0,/TiO, Fig.6 Effect of concentration of 3%wt ZnFe,0,/TiO,
on the dégradation of IDM on the degradation of IDM
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Bl 7 i RS TR] pH A HE T IDM S fh R i R B R AT LU, 24 pH =3 Ml pH =5 A, IDM
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Fig.7 Effect of pH values on the photo—degradation of IDM
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T IDM ) pKa=4.5""" Y& pH 7.0—9.0 Gl N, IDM T EAFAEIE AN IDM ™ £ pH 3.0—5.0 78
FIN,IDM 25 FIE A N 320024 pH>6.5 B, Ti0, L6 B 4 (I S A77E ; 24 pH<6.5 B, TiO, DL IE H
AT ASAEED 24 pH (E R 7.9 B, IDM DL FIEZS R 32, 1M TiO, DL FIEZA N 3, BOR R T e
TEREARE. BLAN, 24 pH =3 B, IDM W LA 20 FA7 A, TiO, LLE L A7 7E 3 24 pH =5 B, TiO, LAIE L A7 7E
IDM 23 85 R4 5088 7245 IDM B AT Ti0,5 IDM W BFF 2 0 % 4B TR, 24 pH =5 B, IE ISt o5c 7
FIF IDM 7E TiO, % H#EF L AL R .

2.2.4 JthEbRRE T

KT %5 3wt% InFe,0,/TiO, A MRIIRRENE TG SE IR A5 R | B0 7 B ALR] , Z81RK
Ve 3 WML AL A RS2 50 25 SR LI 8. N IEL 8 ol i1 e fb IG5 5 WK BRER — A He Xt IDM
A 2R T IS AR ASFTE 90% LA L X U B AR TG e AR , T s 2 R MR 3R T &2 & i ik pt
AL e O
2.3 Ot LREAE LI
2.3.1 EHEYF IR

TR RIS T R i e A R e e VR O T 45T 1D G R RE fie o A v ke 2 AR FH Y
T AR AW HEAT T A A S0 AR ZR 50 K S 0. S0 A s i S P B % 2R i K, Cr, O, \Na, C, 0, 43
SFEROH 4R H H AL e  Fh™, ILIET 9.

1001 948%  046%  935%  94.1% 9299 0
© 80 H
s -1
S
£ o0 3
T S -2
P 401 = O % H Blank
[a) 1 O W Isopropanol
=3F A %P R Benzoquinone
20 4 V HEERRHT K,Cry07
H O HEERHN Na,C,0,
4L
0 | Lo a1
1 2 3 4 5 0 2 4 6 8 10 12 14 16
Runs {/min
B8 3%wt ZnFe,0,/TiO, k= TE 9 RPVEE GORER | EE KRR AN A
% IDM G RE it iy s FRR G IDM YGREAR 1 50
Fig.8 Reusing times dependence of photocatalytic Fig.9 Effect of isopropanol, benzoquinone K,Cr,0,
degradation Indomethacin for 3%wtZnFe,0,/TiO, and Na,C,0, on the degradation of IDM

L9 A3 28 I SEBRA S A S DI B X 2R | 4% TR A0 M R R A IS DML 1Y) 48 fie ok R AR A 6 T
— R B F12F , HIE L R G Ak R A R 5 5043 1R 0.2569 ,0.2530,0.1597 ,0.1919 ,0.0559 min~" . J5
KA % IDM B G A R R T B0 A TR S R W AR AR B 3, 38 o i 31— 2 1)
YERD, 1T OH A IR I T8 . PO A 50 mmol L™ B RERRENS , IDM (14 P2 2 A 0.2569 min ™' [
%4 0.0559 min~ AR (1) W LATFE Y b JE4R 1 5 e X W7 10 TR 343 91 K 78.2% 37.8% FlI
25.3%.

R=(K-K,)/K (1)

K. R FoRIGEMA A L (ROS) S 5 /4% IDM [ 5T IR ; K 227525 F15250 TPl 753 IDM Y6 6 A o — 2%
Bl 124 R R K FR AR K 5 A5 IDM YR it o — 9 3 2405 FE A R 40
2.3.2  JefEfbREmAALEI

WA DL LI 10, —4ALBRJE PRI S URBPRE FCAEHBRSE (3.2 V) ) 76T WG T AR5 il L TBR
M H T N & ZnFe, 0, UREHFBR HLARAS (1.92 eV) 2 25 K B BE SRR R 728 X 5 AR 4 R T 31 5
. T ZnFe,0,5 TiO, Z [A A7 52 LA IR IR AS BT 19 G FL 7 R AE7E N AU ZnFe, O, 11 52415 1 J5 i 78 3]
e TiO, B I, e T2 A A RIS FE ZnFe, O, (MM B T T ZH64 2590 (h') AN



2556

57N 5% 1k 36 %

L
&

RETE 5 M P TiO, Ml e Ao B N B ZnFe, O, M1 L, [RIF7E P BYAY TiO, Bl 7 A B 22 D A 25
J(h") . PR AR ARBR A A R 8 23 AT LU SR AL AR BB, W A R4S RS R ML 2 =
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0*2 [24]

TN RS R 4> B BE S0 R AN L T (e ) AT LUK H Y A A AR O, S AR R AR A rh 3k
ST X DM (Y R A RE ) . TE A A Fh 0 77 A, S X2 IDM ' BB AT, 2830 — R8N I b
(= 2—5) , A4 1 CO, 1 H,O.
DM - )
/ 2
\% CO,+H,0 \e, S
X‘X%—I.SMN—(&—{‘ ™ .
— B e o9 Z
ZnFe,Oy | hv g
038eV | TOo, 5
VB I 3
N oorev
7~ h* VB h*
IDM N~
CO,+H,0

10  ZnFe,0,/ TiO, GCHEILIEME IDM (97T BEPL A
Fig.10 Proposed mechanism of photocatalytic degradation of IDM by ZnFe, 0,/ TiO,

ZnFe,0,/ TiO,+ hv —ZnFe,0,(h") -TiO,(e") (2)
0,+ e —0, (3)

ZnFe,0,(h")+ IDM— (IDM’*~—CO0,+ H,0 (4)
ROS+ IDM— products (5)

3 78 ( Conclusions)
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(
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3) IDM HCHEABRE e B A 5 e — SO 2l 1 F A, 24 pH =5 I IDM D' T s i ik o3 e e
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