©
2017 2020

Development of a high sensitive hydrogen gas detector based on the
photoluminescence property of Zn0O-based nanostructures

Development of a high sensitive hydrogen gas detector based on the
photoluminescence property of ZnO-based nanostructures

LI, CHAOYANG

3,600,000

CVD
Ti102/Zn0

Zn0 H2 CO NH3
Zn0

In this research, the photoluminescence type hydrogen gas sensor based on
the zinc oxide based nanostructures was developed. The novel reducing annealing technique was
introduced to develop ZnO nanostructures with controllable defects in the nanostructures. The mist
CVD coating technique was developed for achieving the large surface area. The hybrid core-shell
Ti02/Zn0 structures were fabricated for improving the stability of gas sensor. The mechanism
analysis revealed that the selectivity of gas sensor related to the variety of defects as well as
the sensitivity related to quantity of defects in the nanostructures. The demonstrated gas sensor
showed the good response to hydrogen gas and recovery property in the air ambient.
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The environmental safety has become a major threat to the lives of human being. The hydrogen
gas is tasteless, colorless and odorless so it cannot be detected by human beings. In the past years, Gas
sensors based on nanostructured metal oxides have shown great potential for the detection of different
gases, in particular, toxic, hazardous, or inflammable gases. The hydrogen gas sensor using metal
oxide materials are mostly dependent on the mechanism of electrical resistance variation on gas
exposure. There were still remaining issues on detecting for low concentration of gas, low selectivity
of different gases and low sensitivity in room temperature. There was little report on the visible gas
sensor for hydrogen.
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In this research, the purpose was to develop the visible type hydrogen gas detector using photoluminescence

property of ZnO related materials. There were three mainly development targets as following:

(1) To develop the novel reducing annealing method to fabricate ZnO related nanostructures. Focusing on
processes for defects introducing and control for surface and inside of ZnO nanostructures,
investigating the mechanism of the defects influencing on photoluminescence property.

(2) Improving the sensitivity for low gas concentration and long-term stability for application in different
environment conditions.

(3) Demonstration of photoluminescence gas sensor system for industrial and life application.

3. WHEDITiE

1) A novel annealing method was developed for fabricating ZnO nanostructures. The single process
reducing annealing was performed to fabricate ZnO nanostructures from as-deposited ZnO films.
The multiple-annealing process was designed for introducing much oxygen vacancies and control
the defects ratio inside of nanostructures.

2) The mist CVD method was carried out to coat and enlarge the surface area of nanostructures, the
core shell TiO2/ZnO nanostructures with larger surface area was fabricated for enhance chemical
stability and improve the sensitivity.

3) Photoluminescence measurement system was modified to examine the different hydrogen sensing
property in different temperature, concentration, ambient, etc.

4. WRIERCR

(1) ZnO nanostructures with controllable defects were fabricated.

The reducing annealing method was used for fabricating ZnO nanostructures from as deposited ZnO
films which deposited by radio frequency magnetron sputtering. In order to increase the density of
ZnO nanostructures, the low temperature oxygen annealing process was introduced before reducing
annealing processes. The high density of nanostructures was obtained.

Multi-annealing process was optimized using
a circle-annealing process. Vertical aligned
ZnO nanostructures were obtained from re-
crystallization process during annealing.
Diameter and length of ZnO nanostructures
were greatly increased with annealing
process increased. The crystallinity was also
improved. It was found that the
photoluminescence property was
significantly influenced by combining
reducing annealing and oxygen annealing
method. It was observed that the quantity of
oxygen vacancies and the defects ratio in the ‘ L
nanostructures could be controlled with 300 a00 500 600 700
adding oxygen annealing process which was Wavelength(nm)

verified by photoluminescence spectra
change in the visible range, as shown in Fig.1.
The relationship between photoluminescence
property and defects in the ZnO nanostructures
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Fig.1 PL spectra with different annealing circles



were revealed.

(2) The pure anatase phase titanium dioxide thin films were successfully fabricated using the mist
chemical vapor deposition method.

In order to solve the issues of fabrication pure anatase phase TiO2 films with good uniformity,
thermal stability, and high crystallinity, a mist chemical vapor deposition system with novel designed
reaction chamber was applied to deposit pure anatase phase TiO2 thin films. The effects of deposition
temperature, concentration of titanium tetraisopropoxide precursor, film thickness and substrate on the
properties of TiO2 films were investigated. Pure-phase anatase TiO, films were synthesized on quartz
glass, glass, GZO film and p-type silicon substrates. The TiO, films deposited on all substrates showed
the same dominated (101) growth orientation.
The TiO2 films grown on quartz glass and p-

type silicon showed better uniformity than T i?:::::a“"s

those grown on glass and GZO film. The —— 800 °C annealing

TiO2 film deposited on p-type silicon was —— 1000 °C annealing

expected to have higher gas sensitivity and be - o { :33 E ;’;};; ar:’(:‘c]e'“ =

applied to thin film gas sensors. &) ¢ R@AY

The high thermal stability of pure anatase £ S ARaEy W

phase titanium dioxide films was confirmed. .g Al T TR

The post annealing method was carried out ™~ g

for the obtained films in oxygen ambient with

temperatures from 600 °C to 1100 °C. It was

found that no anatase to rutile transformation ) . ' .
occurred when the annealing temperature 300 400 500 600 700 800
reached to 1000 °C. With the increase of Raman shift (cm™)

annealing temperature, the (101) orientation

crystallite size of titanium dioxide films

increased gradually, as shown in Fig.2. The  Fig.2 Raman results of as-deposited and annealed
structural properties analysis revealed that the )

high thermal stability of the anatase titanium Ti0; films.
dioxide film was attributed to the small
crystallite size and sheet-like grain structure.

(3) The ZnO/TiO, core-shell structures were achieved for large surface area and high chemical
stability
The mist chemical vapor deposition method was firstly applied for coating titanium dioxide particles
in order to fabricate ZnO/TiO, core-shell nanostructures. The titanium dioxide thin layers on zinc
oxide nanorods were uniform and confirmed as
pure anantase phase. The morphological,
structural, optical and photoluminescence
properties of ZnO/TiO, core-shell structures
were influenced by coating time. The
crystallinity of titanium dioxide increased
congruent with the duration of coating time.
The thickness of titanium dioxide layer
gradually increased with the coating time,
which resulted in an increased surface area.
The transmittance of arrayed ZnO/TiO> core-
shell structures was 65% after 15-minutes
coating. The obtained ZnO/TiO, core-shell
nanostructures demonstrate high chemical
stability for different environment application
of photoluminescence type gas sensor.

Fig.3 TEM images of the TiO; coated ZnO nanostructures.

(4) The photoluminescence type gas sensor
system was demonstrated. There was significantly PL sensitivity and high response in hydrogen
gas ambient. The gas sensor could be recovered in air and oxygen ambient.
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