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ABSTRACT: 

Gas sensors are often used as part of a safety system, measure the current discharge in terms of concentration of gas each 

having unique breakdown voltage. Metal oxide based gas sensors are widely used in various applications. Titanium dioxide (TiO2) gas 

sensors have better sensitivity and stability during high temperature operations when compared to other metal oxides. Studies on 

Titanium dioxide thin films for applications in solid state gas sensor devices are considered in the present work. The gas sensing 

properties of the considered metal oxide are strongly dependent on deposition technique, annealing temperature, film thickness, and 

properties like crystalline structure, grain size or amount of defects and impurities. TiO2 thin films are prepared by various methods like 

Magnetron Sputtering technique, Electric field assisted Aerosol CVD, Ultrasonic Spray Pyrolysis etc.  An analysis of extensive studies 

on influence of various properties on gas sensing ability of TiO2 films have been carried out along with the study of different methods 

used by the researches for preparation of the sensor. TiO2 films formed of agglomerated flower-like nanostructures have also been 

developed which marks the novelty in the development of efficient metal oxide based gas sensor devices. TiO2 structures have been 

characterized using various techniques like X-ray diffraction (XRD), Scanning electron microscopy (SEM), Atomic force microscopy, 

etc. 
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INTRODUCTION 

Sensors are used to detect the physical conditions of chemical compounds. These sensors are generally designed in the form 

of electrical or electronic device that senses a signal and converts the signal in to another form. Chemical gas sensors identify gases by 

measuring breakdown voltages (the electric field at which the respective gas is ionized) specific to the gases. The device discharges a 

specified amount of current measure which gives the concentration of the gas. These gas sensors have attracted the users because of its 

operation under atmospheric conditions, low cost and flexibility associated to their production, simplicity of their use, etc (Barsan et 

al., 2007). Various gas sensing technologies widely used are Metal Oxide Based Gas Sensors, Capacitance Based Gas Sensors, Acoustic 

Wave Based Gas Sensors, Calorimetric Gas Sensors, Optical Gas Sensors and Electrochemical Gas Sensors. The current study focuses 

on Metal oxide sensors (chemiresistors). The detection principle of resistive sensors is based on change of the resistance of a thin film 

upon adsorption of the gas molecules on the surface of a semiconductor. The gas-solid interactions affect the resistance of the film 

because of the density of electronic species in the film. Various metal oxide sensors (MOS) were investigated by researches from all 

over the world. The MOS are also produced in the form of nanostructures such as nanowires, nanobelts, nanoparticles, nanorods, and 

nanotubes etc. which are proved to be excellent for ultrahigh sensitivity due to their high surface-to-volume ratio (S Choopun et al. ). It 

has also been found that improved selectivity can be obtained by addition of catalysts and/or dopants to the metal oxides. 

PROPERTIES OF TiO2 

Metal oxide gas sensors have a range of applications, but certain problems arise related to reproducibility, stability sensitivity, 

and selectivity (Archanjo et al. 2013). Hence a study on enhancement of metal oxide gas sensor properties of metal oxide gas will 

improve its applicability. TiO2 has three polymorphs namely anatase, rutile and brookite which influence the sensing properties. The 

anatase phase is preferred over rutile in gas sensing due to its higher photocatalytic activity. Anatase and brookite are thermodynamically 

metastable forms of TiO2 which irreversibly convert to rutile at high temperatures. This antase-to-rutile transition has a severe effect on 

the sensor's sensitivity (Joy Tan et al., 2006). Titanium dioxide (TiO2) is one of the mostly preferred semiconductor metal oxides for 

the development of conductometric gas sensors due to its nontoxic nature, chemical stability, and commercial availability at a low cost, 

robust, and general reactivity. TiO2 is electrically insulating with an extremely high resistivity, but the suboxidized TiO2 with an excess 

of titanium is an n type semiconductor with unique properties, indicating the defect disorder and O/Ti stoichiometry play an important 

role in the electrical properties (Yongfeng Ju et al.,2013). Some other properties are 

 Solubility: The solubility of titanium dioxide is related to solutes.  

 Relative density: In the commonly used white pigment, the relative density of titanium dioxide is minimum.  

 Permittivity: Because of high dielectric constant of titanium dioxide, it has excellent electrical properties. Anatase titanium 

dioxide's permittivity is lower, only 48. 

 Conductivity: Titanium dioxide with the performance of the semiconductor, its conductivity increases rapidly with increasing 

temperature. 

 Melting and Boiling points: Only rutile TiO2 has a melting point and boiling point,  a melting point of 1850℃, the melting 

point in oxygen-rich is 1879℃. The melting point of titanium dioxide is related to the purity of the titanium dioxide. 

 Thermal Stability: Titanium dioxide has a good thermal stability, the general amount of 0.01% to 0.12%.  

 Researchers found that the morphology and gas-sensing properties change when dopants are added to TiO2 films. M C Carotta 

et al, 2004 observed that either Tatanium addition inhibited the anatase to rutile phase transformation or Vanadium addition 

facilitated the anatase-to-rutile phase transformation during heating. They also observed that the gas response of the films was 

affected by both the grain size and firing temperature. Joy Tan et al., 2006 observed that addition of gold (which acts as a 

catalyst) on the surface of TiO2 increased the sensitivity of the sensor towards CO. 
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PREPARATIONS OF TiO2 GAS SENSORS 

TiO2 thin films are prepared by various methods like Magnetron Sputtering technique, Electric field assisted Aerosol CVD, Ultrasonic 

Spray Pyrolysis etc.  

 Sputtering is a physical vapor deposition (PVD) process used for depositing materials onto a substrate, by ejecting atoms from 

such materials and condensing the ejected atoms on to a substrate in a high vacuum environment. In a magnetron sputtering 

system involves the addition of a strong magnetic field near the target area.  This field causes traveling electrons to spiral along 

magnetic flux lines near the target. 

 Ultrasonic spray pyrolysis is being used in a wide variety of applications from nanoparticle formation to cyrstalline thin film 

deposition (Bogovic et al., 2011).   

 Metal oxides are added with dopants or reduced in their structure to improve its gas sensing ability. Various researches have 

proposed different synthesis routes to prepare TiO2 Gas sensors in the nanoscale and microscale with/ without dopants. Maolin 

Zhang et al., 2014 obtained Nanocrystalline powders of TiO2 and TiO2:Cr (0.1–10 at.% Cr) by flame spray synthesis (FSS), 

which were used as starting materials for preparation of gas sensors. Seongcheol Mun et al., 2012 synthesized highly ordered 

vertically grown TiO2 nanotube arrays by using the conventional electrochemical anodization process. Vijayalakshmi R and 

Rajendran V, 2012. synthesized TiO2 nanoparticles via two different routes sol-gel route and hydrothermal method. Recent 

advances in microfabrication techniques have opened the possibility of fabrication and integration of metal oxide sensors in the 

nanoscale. A well-known example is the growth and manipulation of individual, or multiple, metal oxide nanowires and their use 

as gas sensors. In the past few years, new gas microsensors and nanosensors fabrication processes have been demonstrated by 

adding extra steps to microfabrication technologies (Bráulio S et al., 2013). 

CHARACTERIZATION 

Researchers carried out the structural and morphological characterizations by means of SEM (scanning electron microscopy) 

and XRD (x-ray diffraction) in order to correlate physical properties with gas sensing performance. The changes in electrical properties 

included variations in electrical conductivities (or resistivities) in ambient gas. X-ray powder diffraction and Raman spectrometry were 

used to investigate the changes in catalytic activity of TiO2. Characterization of nanopowders can also be carried out by 

thermogravimetry (TG), Brunauer–Emmett–Teller (BET), adsorption isotherms. 

Advanced characterization techniques were found to be helpful in analyzing the complex TiO2 structures when produced as 

nanocomposites or in other forms. In earlier researches the XRD patterns of TiO2 films using Bruker D8 Advance XRD with a CuKca 

source were also obtained (Giolli et al., 2008). The analysis was performed to understand the growth of TiO2 films on the nonannealed 

LGS substrates. Researchers used high-resolution scanning and transmission electron microscopy HR-STEM and HR-TEM, and 

Spatially-resolved monochromated electron energy-loss spectroscopy (EELS) was also performed in the STEM mode (Bráulio S et al., 

2013).  

APPLICATIONS 

The applications span from “simple” explosive or toxic gases alarms control in cars to components in complex chemical sensor 

systems. This type of device is important because there are many gases that can be harmful to organic life, such as humans or animals. 

Gas detectors can be used to detect combustible, flammable and toxic gases, and oxygen depletion. It is found in a variety of locations 

such as on oil rigs, to monitor manufacture processes and emerging technologies such as photovoltaic. They may also be used in 

firefighting. Some of the areas where the gas sensor found its applications are Process control industries, Environmental monitoring, 

Boiler control, for the detection of toxic environmental pollutants in human health, for the prevention of hazardous gas leaks, which 

comes from the manufacturing processes, wine quality monitoring, traffic safety, Fire detection, alcohol breath tests, detection of 

harmful gases in mines, home safety, grading of agro-products like coffee and spices (S Choopun et al.). 

CONCLUSION 

The TiO2 based gas sensors are proved to be one of the most efficient gas sensors in industries. A broad research based out on 

TiO2 gas sensors in all dimensions including addition with certain materials in order to enhance its sensing properties and production 

in nanoscale in various forms and structure indicates the importance of that TiO2 based gas sensors in gas detection devices. It was also 

found that the properties pertaining to gas sensing mechanism of the TiO2 sensors can be improved by suitable preparation techniques. 
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