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Abstract

Titanium dioxide (TiO;) nanostructures were grown directly on the sensitive area of the transducer. A titanium
thin film was deposited on 2 - 2 mm? alumina substrates by RF magnetron sputtering and hydrothermal method
was used to achieve TiO,. This method is characterized by the use of different solutions (KOH, NaOH), a not
stirred pressure reactor and a heating system. As-prepared samples require an acid treatment followed by a
calcination step to obtain pure TiOz nanostructures. The nanostructured morphology was confirmed by a scanning
electron microscope (SEM) and their structural properties were investigated by RAMAN spectroscopy. Obtained
samples were used as gas sensors, and their behaviour towards several gaseous species was analysed in a wide
range of working temperatures. Measurements were carried out in a test chamber, investigating the change in the
electrical conductance due to the surrounding atmosphere.
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1. Introduction

Titanium dioxide is widely used in several technological fields such as photo-catalysis, hydrogen production by
water splitting, solar cells, gas sensors and biological applications. It can also be used for the preparation of paper,
plastic, toothpaste and in paints as withe pigment. TiO; is intensely studied thanks to its numerous characteristics
such as non-toxicity, chemical stability and electrical properties [1]. Nowadays titanium dioxide and other metal
oxides in the form of nanostructures are used, for their thermal, electric, mechanic, optics properties, in many
fields, like sensors, biomedical, solar cell, safety, energy storage and in many other applications [2]. Furthermore,
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in one-dimensional structures the surface/volume ratio increases and the crystallinity is high. These two factors
make them more sensitive in the detection of target gases [3]. One of the most used techniques to growth
nanostructures is the hydrothermal treatment, thanks to the possibility to work at low temperatures and to obtain a
homogeneous growth [1, 4].

In this work, we present different types of TiO, nanostructures grown directly on the sensitive area of transducers
to avoid transferring of nanostructures after the growth in order to improve mechanical and electrical stability of
devices. The technique used to growth titanium dioxide nanostructures was hydrothermal treatment. This work
shows also the functional properties of chemical sensors based on as prepared TiO, nanostructures.

2. Experimental

Alumina 2 - 2 mm? substrates were ultrasonically cleaned in acetone for 15 minutes in order to eliminate all the
compounds on the surface that can interact during the metal deposition, contaminating it. Afterwards substrates
were dried under a flow of synthetic air. Once finished cleaning, RF magnetron sputtering was used to deposit a
film of metallic titanium of 100 nm. An electrical power of 75 W was applied to the target, the argon flow was set
to 7 sccm and the duration of deposition was 24 minutes. A better adhesion of the film to alumina substrate was
guaranteed by heating samples at 100 °C during the deposition.

The growth of several types of nanostructures was performed with hydrothermal treatment using two different

hydroxide solution, KOH and NaOH, and different working conditions. Inside a not stirred pressure reactor,
solution and samples were added. Thanks to a heating system it was possible change the working temperature.
We obtained three different kinds of nanostructures: nanosponge (KOH 0.12 M, 160 °C, 6 hours), nanoflakes
(NaOH 0.1 M, 170 °C, 25 hours) and a mix of nanosponge and nanoflakes, which will be defined hereafter
nanomix (KOH 0.05 M, 170 °C, 25 hours). All the samples after the hydrothermal treatment were treated in acid
(HC10.1 M, 1 o hours) and annealed in air in two steps, at first at 50 °C for 1 hour and than at 400 °C for 2 hours.

Samples surface was investigated by a field emission scanning electron microscope (FE-SEM) LEO 1525
operated at 5 kV beam voltage, in order to analyze the morphology of as prepared samples.

Raman spectroscopy was performed on as obtained nanostructures in order to investigated their structural
properties. The Raman system is composed by a fibre-coupled confocal optical microscope (HORIBA), a He-Cd
blue laser (442 nm), a HORIBA monochromator iHR320 and a Peltier-cooled Synapse CCD.

To fabricate chemical sensors, platinum interdigitated contacts and platinum heating element were deposited by
DC Magnetron sputtering (75 W, 7 scem of argon, 300 °C, 20 minutes for both the depositions) on the top of
nanostructures and on the backside of alumina, respectively. Thanks to gold wires, substrates were bonded to a TO
case, then devices were placed in a stainless-steel homemade test chamber, with a volume of 1 L, and they were
exposed to several gaseous species (carbon monoxide, ethanol, methanol, acetone and hydrogen). Measures were
carried out using three different concentration for each gas and setting relative humidity at 40%@20°C. The
working temperature of each device was changed from 300 °C to 600 °C and the power applied to each sensor was
V.

The changing in the value of electrical conductance gives information about the ability of sensors to detect the
different gases injected in the test chamber. The following laws, for oxidizing (1) and reducing (2) gases regulate
this variation (in case of n-type metal oxide).
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3. Results

The different working conditions (solution, molarity, temperature and time) of the hydrothermal process have
resulted in the growth of three different types of nanostructures. Figure 1 shows SEM images of samples
morphology: nanosponge (a), nanomix (b) and nanoflakes (c).

Fig. 1. Morphology of different TiO, nanostructures at 50 k level: nanosponge (a), nanomix (b) and nanoflakes (c).

RAMAN spectroscopy allows us to check the crystalline phase of samples. Figure 2 shows the spectrum of
nanostructures prepared in KOH solution (blue) compared with the spectrum of titania in the form of rutile
(yellow) and alumina spectrum (green). Green and yellow arrows underline alumina and titania (rutile) picks,
respectively, on prepared nanostructures spectrum.

78660 RAMAN
60000
—Ti02_KOH

50000 ~—AI203_Corundum
—_ TiO2_Rutile
S
& 40000
>
=
®
S 30000
2
£

20000

10000

[}

0 100 200 300 400 500 600 700 800 900 1000 1100
Raman shift (cm)

Fig. 2. Raman spectra of TiO, nanostructures (blue) titania in the form of rutile (yellow) and alumina (green).

TiO, nanostructures based gas sensors were tested towards different target gases, like carbon monoxide,
acetone, ethanol, methanol and hydrogen. In this work are shown the dynamic response of a device (nanosponge
based gas sensor) towards hydrogen at 600 °C, the sensor response in the temperatures range towards 500 ppm of
H, and calibration curves at 600 °C towards the same gas (Figure 3 a, b, c, respectively).

The dynamic response shows the increment in the conductance value in correspondence of gas injections (100,
250, 500 ppm), typical of n-type metal oxide exposed to reducing gases (as shown by equation (2) in the
experimental part). Figure 3b underlines how the sensor response changes in function of the temperature and it
highlights the optimal working temperature (600 °C). The detection limits for the device was calculated
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considering minimum response as 1 and its value is 2.34 ppm.

Dynamic response towards H2 @ 600 °C Response vs Temperature
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Fig. 3. Dynamic response of prepared nanostructures to H2 @600 °C RH = 40% (a); Response of prepared nanostructures at different temperatures to
500 ppm of Hz (b); Calibration curve @ 600 °C (c).

4. Conclusions

Hydrothermal technique is used to growth three different types of nanostructures, thanks to different working
conditions and two different solution (KOH and NaOH), on the active transducer to improve mechanical and
electrical stability. As obtained devices were tested in a wide range of temperatures towards different hydrogen
concentrations. The optimal working temperature is around 600 °C for a relative humidity of 40% towards 500
ppm of hydrogen. Further tests will be carried out in order to compare each other the different device types and to
understand if the three morphologies show the same response towards different gaseous species.
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