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ABSTRACT

In this work, ZnO nanostructures were synthesized by thermal oxidation
technique. In synthesis process, Zn powder (purity 99.9%) was screened and
evaporated on the alumina substrates. For screening method, Zn powder was crushed,
and then polyvinyl alcohol (PVA) was added into the Zn powder to form the paste.
The paste was screened as a thick film onto the alumina substrate, then it was sintered
at the temperature of 500-900°C for 24 h under normal atmosphere. From FE-SEM

images it was found that ZnO nanostructures synthesized at the heating temperature of
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500-800°C exhibited the belt-like or wire-like structure with sharp tip for all samples.
However, at heating temperature of 900°C, the nanostructure could not be observed.
For evaporation method, Zn powder was evaporated on an alumina substrate under
pressure of 4x107 Torr. Then, the film was thermal oxidized at the temperature of
500 and 600°C for 24 h under normal atmosphere. From FE-SEM images, ZnO
nanostructures can be observed on alumina substrates at the heating temperature of
500°C only. It was found that the nanostructures exhibited the wire-like structure with
diameter of 11-104 nm with average size of 38.8 nm and length of several microns.
The thickness of ZnO nanostructure on alumina substrates was about 3 pm.

For ethanol sensor application, The synthesized ZnO nanostructures at heating
temperature of 700°C were fabricated as ethanol sensors. It was found that the
sensitivity of ZnO nanostructure sensors screened on alumina substrate exposed to the
ethanol concentration was in range of 50-1000 ppm with the optimum temperature of
300°C for all sensors The maximum sensitivity of ZnO nanostructure sensors at 1000
ppm is about 8.7. While the sensitivity of ZnO nanostructure sensors evaporated on
alumina substrate is about 9.7 at the optimum temperature of 300°C.

For sensitivity improvement by metal adding, there are three techniques to
improve the sensitivity: impregnation, Al doping, and sputtering. Impregnation
technique with gold nanoparticles can improve the sensitivity from 8.7 to 32 and from
9.7 to 27 for ZnO nanostructure screened on alumina substrate and ZnO nanostructure
evaporated on alumina substrate, respectively. Next, Al doping method, the highest
sensitivity of 32 was obtained in ZnO:Al nanostructure sensors with 1% Al by mol

compared to 14 of pure ZnO nanostructure sensor at optimum temperature of 300°C.
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Finally the sputtering technique, the sensitivity of ZnO nanostructure sensor can be
improved to ultrahigh. The highest value of sensitivity was obtained at 478 from
sensor called S60. In addition, a new and general equation to describe ethanol
adsorption mechanism underlying the sensitivity enhancement of ZnO nanostructure
sensors has been proposed. The equation can be used to explain sensitivity
enhancement due to effect of metal doping and surface-to-volume ratio. Also, the
slope value of the plot between log (Sq¢-1) and log C4 suggested that adsorbed oxygen
ion species at the surface of the ZnO sensors were O>. Thus, it can be regarded as a

general equation to describe the sensitivity characteristics of ZnO sensors.
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