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ABSTRACT

In this work, ZnO tetrapods and nanowires with and without TiO, additive are
synthesized by thermal oxidation method. For the tetrapods, the synthesized
temperature is 1,000°C under normal atmosphere. The TiO, contents are varying as 0,
10, 20, and 30 mol.% denoted by T-ZnO, T-TiZnO-10, T-TiZn0O-20, and T-TiZnO-30.
Regarding to SEM, TEM, SEAD results, the tetrapods exhibit a four-symmetry legs
with a sharp tip owning a single crystal property of wurtzite ZnO structure with a
growth direction along the [0002]. The size is varying from about 1-10 um in length
and 120-500 nm in width. The fcc- Zn,TiO4 forms together with ZnO in the T-TiZnO-

20 and T-TiZnO-30. The crystal defect knowing as oxygen vacancy (V, ), and/or zinc
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interstitial (Zn,) is observed. The ethanol sensing response of the T-ZnO, T-TiZnO-

20, T-TiZnO-30, and Au-coated T-TiZnO-30 (Au/T-TiZnO-30) sensors is examined.
It is found that the sensing response of the Au/T-TiZnO-30 > T-TiZnO-30 > T-TiZnO-

20 > T-ZnO. TiO, mixing results in alloying with the T-ZnO lowering the electron

concentration, n,, while Au coating results in higher the reaction rate constant, kg, .

Lower n, and higher kg, give the higher sensor response as given by the sensor

response formula.

The T-TiZnO-30 is selected to study with H, and CO gases compared with
T-ZnO, ZnO powder (P-ZnO), and ZnO nanopowders (NPs-ZnO). It is found that the
T-ZnO sensor exhibits the highest H, sensing response, above 250°C. In contrast, the
T-TiZnO-30 sensor shows a massive sensing response toward CO gas, above 300°C.
Both the T-ZnO and T-TiZnO-30 sensors exhibit higher sensing response than the
P-ZnO, and NPs-ZnO sensors at high temperature. The highest H, sensing response of
the T-ZnO sensor can be explained by the highest diffusion process. Moreover, high

free electrons donated by V, or Zn, in the T-ZnO induced the more oxygen species

coverage the sensor surface resulting in decreasing of sensor resistance. As a result,
the T-ZnO sensor shows the highest H, sensing response. The huge CO sensing
response of the T-TiZnO-30 sensor can be explained by the addition phase of
Zn,TiO,. It should be noted that, at high operating temperature, the T-ZnO sensor is
suitable for the H, gas; in contrast, the T-TiZnO-30 sensor provides an excellent
property for detecting the CO gas sensor even though the size and dimension of the

tetrapods are larger than the P-ZnO and NPs-ZnO.
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For the nanowires, the synthesized temperatures are 600, 700, and 800°C. It
should be noted that the synthesized temperature affects the size, morphology, phase
formation, and population of the nanowires. The size of the nanowires decreases with
increasing of the synthesized temperature. Though, the effect TiO, content on the size
and morphology is not clearly observed. The sensing response of nanowires sensor
towards ethanol gas is low for all TiO; contents. This might be effect of a low sensor

resistance in air. Since the sensing response is directly proportional to R, and
inversely proportional to n,, the nanowires sensors exhibit a low sensing response

under ethanol ambient.
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