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Photocatalytic Performance of Zinc Oxide Nanoparticles Synthesized by Ultrasonic
Atomization-Assisted Microwave Method

LIN Qing, LI Lingling, WANG Wei, ZHANG Xiaojuan, HAO Lingyun
(School of Materials Engineering, Jinling Institute of Technology, Nanjing 211169, China)

Abstract: Zinc oxide (ZnO) is widely used as a photocatalyst in the treatment of organic pollutants in wastewater due to its wide
bandgap, high photocatalytic efficiency, and stable chemical properties. Based on the results by X-ray diffraction and transmission
electric microscopy, synthesized ZnO remains a highly disordered structure because the crystallization of ZnO is suppressed by
ultrasonic atomization. Amorphous ZnO nanoparticles were synthesized by a ultrasonic atomization-assisted microwave sintering
method. Amorphous ZnO nanoparticles with a highly disordered structure enhance the absorption at a wavelength of 300 nm. The UV
absorption of amorphous ZnO nanoparticles shifts to the lower energy side and is greater than that of crystal ZnO nanoparticles. The
forbidden bandwidth of amorphous ZnO nanoparticles reduces to 3.17 eV. The photocatalytic efficiency of amorphous ZnO
nanoparticles is improved, and the photocatalytic degradation efficiency of amorphous ZnO nanoparticles on Rhodamine B (RB) is
37% greater than that of crystal ZnO nanoparticles. Ultrasonic atomization-assisted microwave sintering method could be an effective
method for preparing amorphous ZnO nanoparticles at a low temperature and a low energy consumption. Amorphous ZnO
nanoparticles are a highly efficient photocatalyst. However, since the photocatalytic efficiency of amorphous ZnO nanoparticles could
decrease with increasing the catalytic cycles, the stability and dispersion of amorphous ZnO nanoparticles should be thus further
improved.
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Fig. 1 XRD patterns of ZnO-MH and ZnO-UA
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Fig. 2 FTIR spectra of ZnO-MH and ZnO-UA
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Fig. 3 SEM micrograph of ZnO-MH and ZnO-UA
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Fig. 4 TEM micrograph and selected area electron diffraction
(SAED) pattern of ZnO-MH and ZnO-UA

2.4 EIM-AT DL IRUL I

Kl 5 & ZnO-MH H1 ZnO-UA FJ4&4h—n] Wi
itk K S AL, ZnO-MH Fll ZnO-UA 7E 200~
400 nm )28 AR DI AR R I, X8 T ZnO H AR 2
W, 2T AN R R B S IS
ZnO-MH (¥ 5 KWW W £7 4E 365 nm 4bP0, i
ZnO-UA Hz KIS AE 300 nm AL, ZnO-UA X484k
(IR g W 258 T ZnO-MH, 3 H. ZnO-UA Wi
NGRAET AR FEfh 2 7677 W X3RS AR X

A%, RAPIE AT WOLE . #id Kubelka—Munk 5.
P ZnO-MH H1 ZnO-UA B2k 3.24 eV
H13.17eV. ZnO-UA WKL BRI R H AA
BRI RE T o

300

365

\ ZnO-UA
ZnO-MH

Absorbance

200 300 400 500 600 700 800
Wavelength/nm

(a) UV-Vis absorption spectra

(ahv)?

3.0 3.1 3.2 33 3.4 35
Photon energy/eV

(b) (ahv)* versus the photon energy

K5 ZnO-MH Fl ZnO-UA {145 4h—r] WO %
Fig. 5 UV-Vis absorption spectra of ZnO-MH and ZnO-UA
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Fig. 6 Photoluminescence spectra of ZnO-MH and ZnO-UA
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Fig. 7 Photocatalytic and recycled degradation profiles of RB by ZnO-MH and ZnO-UA
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Fig. 8 Schematic illustrations of the formation of amorphous ZnO nanoparticles
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