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ABSTRACT

WOs-doped ZnO nanoparticles containing 0, 0.25, 0.50, 0.75, 1.0, 3.0 and 5.0 mol%
of WO; were successfully synthesized by Flame Spray Pyrolysis (FSP) from zinc
naphthenate and tungsten ethoxide precursors under 5/5 (precursor/oxygen) flame
condition. The crystalline phase, morphology and size of undoped ZnO and WOs-doped
ZnO prepared by FSP were observed by XRD, BET, TEM and SEM. The XRD patterns
showed that the nanoparticles had the hexagonal phase of ZnO with the JCPDS file No.89-

0510. The TEM image showed nanoparticles having clear spherical, hexagonal and rod-like
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morphologies. The crystallite sizes of ZnO spherical and hexagonal particles were in the
range of 5-20 nm. ZnO nanorods were found to be ranging from 5-10 nm in width and 10-
25 nm in length. The W compositions of the ZnO samples were verified by EDS mode. In
this research, these nanoparticles were applied in photocatalytic, gas sensing and
photovoltaic applications.

There are three applications of WOs-doped ZnO nanoparticles in this study as:
photocatalysts, gas sensors and solar cells. The photocatalytic activity of WOs-doped ZnO
nanoparticles containing 0.25, 0.50, 0.75 and 1.0 mol% were investigated by UV-induced
degradation of methanol, glucose and sucrose in aqueous solution in the photocatalytic
reactor. The results showed that the appropriate amount of WOs; loading could greatly
enhance the photocatalytic activity of ZnO nanoparticles for degrading methanol, glucose
and sucrose. The optimized amount of WOj3 loading was 0.50 mol% in methanol, glucose
and sucrose. This is consistent with WO3 particles acting to trap photoinduced electrons,
retarding the electron—hole recombination process, and thereby, promoting the
photocatalytic activity.

The gas sensors based on WOs3-doped ZnO nanoparticles containing 0, 0.25, 0.50,
and 0.75 mol% of WO3 were fabricated and tested towards NO,, C,HsOH, CO and H, at
different gas concentrations and operating temperatures ranging from 300-400°C in dry air.
The results showed that the appropriate amount of WO; loading could greatly enhance the

NO; and C,HsOH sensitivity of ZnO sensors. In addition, 0.50 mol% WOs-doped ZnO
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nanoparticles exhibited maximum response to NO, and C,HsOH at all temperatures and
concentrations. The sensitivities of all ZnO films towards NO, were greatly higher than that
towards C,HsOH, CO and H,. Nevertheless, hydrogen sensitivity was relatively less
improved by WO; doping while sensitivity toward CO was almost insensitive to WOs3

content, therefore WOs-doped ZnO sensor had a high selectivity towards NO,.

WOs-doped ZnO nanoparticles containing 0, 0.25, 0.50, 0.75, 1.0 and 3.0 mol% of
WOs; were successfully applied in hybrid photovoltaic devices as an electron acceptor. The
current-voltage characteristic of these devices showed that WO; could increase the number
of photons actually converted to charge carriers which affect the power conversion
efficiency. These results concluded that an appropriate amount of WO; doping could
enhance the hybrid photovoltaic efficiency. Especially, the hybrid ZnO/P3HT photovoltaic
device with 0.50 mol% WOs-doped ZnO as an electron acceptor exhibited maximum

power conversion efficiency of 0.411%.
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