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Preparation by Co-precipitation Method and Photocatalytic
Performances on the Degradation of Dyes of Ce*-Doped Nano-ZnO
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(‘State Key Laboratory of Coordination Chemistry, School of Chemistry and
Chemical Engineering, Nanjing University, Nanjing 210023, China)
(*College of Biological, Chemical Sciences and Engineering, Jiaxing University, Jiaxing, Zhejiang 314001, China)

Abstract: A series of nano-ZnO doped with different amounts of cerium were prepared by co-precipitation
method with Zn(NOs),-6H,0 and Ce(NO;);-6H,0 as raw materials. The as-made samples were characterized by
powder X-ray diffraction (XRD), infrared spectroscopy (IR), scanning electron microscope (SEM), energy dispersive
spectrometer (EDS) and UV-visible diffuse reflectance spectroscopy (UV-Vis DRS). Some samples were further
characterized by X-ray photoelectron spectroscopy (XPS) and photoluminescence (PL). Photocatalytic activity of
these materials toward photodegradation of methylene blue (MB) was evaluated under UV and sunlight irradiation,
respectively. It was found that the sample with 3% Ce* doped ZnO, named as Zn0-3%Ce, exhibited highest
photocatalytic activity among the prepared samples and its MB-degradation efficiency was over 98%. Then, the
sample of Zn0-3% Ce was selected to further evaluate its photocatalytic activity toward photodegradation of
rhodamine B (RhB) and methyl orange (MO) under both UV and sunlight irradiation. The results showed that the
sample of Zn0-3%Ce presented good photodegradation activity under both UV and sunlight condition. The order
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of photodegradation efficiency under sunlight irradiation was as follows: MB>RhB>MO, while the photocatalytic
activity under UV irradiation was increased by the following order RhB>MB>MO. The stability of Zn0-3% Ce

catalyst was studied by cyclic experiments. The results showed that the photodegradation efficiency still retained

more than 97% after three cycles, suggesting that the catalyst maintained its structure and component and

presented good stability and application prospect.
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(a, b) ZnO; (c, d) Zn0-0.5%Ce; (e, f) ZnO-1%Ce; (g, h) Zn0-3%Ce; (i, j) ZnO-5%Ce; (k, 1) Zn0-7%Ce; (m, n) ZnO-10%Ce

Bl 1 ZnO H1 Ce* 524 ZnO i) SEM K]
Fig.1 SEM images of ZnO and Ce*-doped ZnO

F1 ZnO K Ce*EZH ZnO # G BE L 55 47
Table 1 EDS results of ZnO and Ce*-doped ZnO samples

Photocatalyst Atomic fraction / % nzdnee
Zn Ce Theoretical Actual

Zn0O 31.01 0 —
7Zn0-0.5%Ce 35.35 0 200 —
Zn0-1%Ce 31.52 0.41 100 76.9
7n0-3%Ce 25.73 0.90 333 28.6
7n0-5%Ce 6.63 0.44 20 15
Zn0-7%Ce 25.72 1.60 14.3 16.1
Zn0-10%Ce 21.45 1.98 10 10.8

Zn0 BAR @R ai g B2 F Ce B ZnO K
T & AT 6 5 PDF 434 K A PDF No.36-1451 —
UL Ce MBAIFEA A ZnO 1 S IR E5 4 45
KN AL AN TETAE Ce B245 11 ZnO
A4 A7 53 it kB BT A T CeO, BX Ce)O5 U AFAIE

VRN HLE A AT RE IR 2 Ce b T 20 BUIRAS
B Ce B AR LA i XRD XE T #0015 | 8] i
R E 1 Ce $BE41W Zn0 HA B LiE, 2K
I IS 7E M Ce 3K Mn 441 ZnO (KR TP A
AR AR LR B FE Ce B A RIS N,



44 oMLtk

%36 &

ZnO AT 5T VA (1 8 3 R T/ DN | AT S 0 R T
R, B R R AR A Bl /N T ZnO B & R A
BT /b

Bl 3 4 Zn0 K Ce 7414 ZnO R HVF R LAk
g E  E AT LUE Y 7E 3 430 em™ Ak H B BE

14 000 Zn0-10%Ce
A Zn0O-7%Ce

12 000 le e
Zn0-5%Ce

10 000
Zn0-3%Ce

8000
ZnO-1%Ce

6000
oo Zn0-0.5%Ce
2000
A A l A ZnO
0 T 7

20 40 60 80
20/ ()

B2 4PRHRR ZnO R & 6t Ce #8251 Zn0 1Y
B AR XRD
Fig.2 Powder XRD patterns of ZnO and Ce*-doped ZnO
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Ce*-doped ZnO samples
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Table 2 Band gap energy (E,) of as-made

photocatalysts
Photocatalyst E, l eV
Zn0O 3.101
7Zn0-0.5%Ce 3.096
Zn0-1%Ce 3.087
Zn0-3%Ce 3.077
Zn0-5%Ce 3.045
Zn0-7%Ce 2918
Zn0-10%Ce 2.894
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Fig.9 UV-Vis spectral changes during photodegradation of MB under sunlight irradiation
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Fig.10  UV-Vis spectral changes during photodegradation of MB under UV irradiation
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Table 3 First order reaction rate constant (k,) and R* Table 4 k, and R? of photocatalystsunder UV
of photocatalystsunder sunlight irradiation irradiation
Photocatalyst k,/ min™! R? Photocatalyst k, / min™ R?
Zn0O 0.079 7 0.975 7 Zn0O 0.071 2 0.969 4
7Zn0-0.5%Ce 0.056 1 0.9313 Zn0-0.5%Ce 0.060 9 0.996 4
7Zn0-1%Ce 0.072'5 09410 Zn0-1%Ce 0.080 2 0.982 0
7Zn0-3%Ce 0.120 9 0.983 0 Zn0-3%Ce 0.133 6 0.964 5
Zn0-5%Ce 0.105 97 0.984 5 Zn0-5%Ce 0.133 4 0.956 8
Zn0-7%Ce 0.108 32 0974 1 Zn0-7%Ce 0.083 7 0.987 4
Zn0-10%Ce 0.043 05 0.962 3 7Zn0-10%Ce 0.044 4 0.987 3
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