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ABSTRACT

The pure ZnO nanoparticles and ZnO nanoparticles doped with 1-5 mol% Pd
were successfully produced by flame spray pyrolysis (FSP) in a single step using zinc
naphthenate and palladium (Il) acetylacetonate as precursors dissolved in
toluene/acetonitrile (80/20 vol%). The phase, the crystallinity, and crystallite size
were analyzed by X-ray diffraction (XRD). The specific surface area (SSAget) of the
nanoparticles was measured by nitrogen adsorption (BET analysis). A trend of
specific surface area of the samples increased and the dget decreased with increasing
Pd concentrations. The surface morphology (RMS roughness) and elemental

composition were further investigated by Atomic Force Microscopy (AFM), Scanning
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Electron Microscopy (SEM), and Energy Dispersive X-ray Spectroscopy (EDS) in
terms of the line scan and dot-mapping modes. The accurate size and morphologies
of the ZnO nanoparticles were further investigated by High Resolution Transmission
Electron Microscopy (HRTEM) revealing spheroidal, hexagonal, and rod-like
morphologies. ZnO nanoparticles were observed as particles having the clear
spheroidal, hexagonal, and rod-like morphologies. The crystallite sizes of ZnO
spheroidal and hexagonal particles were in the range of 10-20 nm. ZnO nanorods
were in the range of 10-20 nm in width and 20-50 nm in length. The Pd-dispersion
was determined by CO-pulse chemisorption. The size of Pd nanoparticles increased
and Pd-dispersion% decreased with increasing Pd concentrations. The dispersed-Pd
nanoparticles (2-12 nm) deposited on ZnO nanoparticles was confirmed by Scanning
Transmission Electron Microscopy (STEM) and EDS analyzes.

Prior to the sensing test, the morphology of the sensing films was analyzed by
Optical Microscopy (OM). For the sensor test, the influence of cracking on sensing
surface, the film thickness, and the effect of Pd loading on ethanol gas sensing
behaviours were also discussed here. Cracking of the sensing films during annealing
process was improved by varying the heating conditions. The sensing films were
produced by mixing the particles into an organic paste composed of terpineol and
ethyl cellulose as a vehicle binder. The paste was doctor-bladed onto Al,O3 substrates
interdigitated with Au electrodes. The film morphology was analyzed by SEM and
EDS analyses. The gas sensing of ethanol (25-250 ppm) was studied at 400°C in dry
air. The oxidation of ethanol on the sensing surface of the semiconductor was

confirmed by Mass Spectrometry (MS). In addition, a crack free sensor, the thinnest
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in thick film, and a well-dispersed of 1mol%Pd/ZnO films also showed the highest
sensitivity and the fastest response time (within seconds). The sensitivity increased

and the response time decreased with increasing ethanol concentration.
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