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Abstract 

Thick films of pure and CuO-modified SrTiO3 (STO) were prepared by screen printing technique. The prepared films were 
fired at 500o C for 30 min. The mechanochemically synthesized STO powder sintered at 800o C were used for preparation 
of thick films. The STO films were modified by dipping technique. Pure and modified STO thick films were tested for 
various gases. The maximum gas response (1225) was obtained for CuO dipped STO thick film (dipping time = 20 min and 
firing temperature = 300o C). The CuO modification has significant effect on sensing performance. The instant response 
T25 and fast recovery T45 are main features of sensor. The par-ticle properties were analyzed by SEM and EDS analysis. 
Selectivity, response recovery times were investigated and discussed. 
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1. INTRODUCTION 

Environment today has become a matter of global 

concern. The environmental pollution particularly air 

pollution injures to human health and affects the historical 

buildings as well as ornamental materials. Pollution is 

undesirable change in physical, chemical and biological 

characteristics of air, water and soil which affects the 

human life. The pollution discharges the material or 

energy into water, land, or air that damages the Earth's 

ecological balance or that lowers the quality of life. A 

substance in the air that can cause harm to humans and to 

the environment is known as an air pollutant. Pollutants 

can be in the form of solid particles, liquid droplets, or 

gases. They may be natural or artificial [1]. Air pollution 

is regarded as one of the most significant tokens of the 

degradation of the quality of life in big cities and in 

industrial surrounding. In the worst-case scenario with 

current monitoring networks, people might be exposed to 

high levels of hazardous substances without any kind of 

warning. Liquefied petroleum gas (LPG), which consists 

of hydrocarbons, it is widely used for many domestic, 

industrial purposes and automobile fuels. Since it is highly 

explosive, the detection of gas leakage is become 

important for preventing the occurrence of accidents [2]. 

Liquefied petroleum gas (LPG) is colorless gas, liquid 

under pressure it is colorless liquid, which readily 

evaporates into a gas. The group of products includes 

saturated hydrocarbons propane (C3H8) and butane 

(C4H10), which can be stored/transported separately or as 

a mixture. 

Now a day environment is polluted due to number of gases 

exhausted from automobile and chemical industry. In 

order to measure the gases, one should know the amount 

and type of gases present in the surrounding. It needs to 

monitor and control the hazardous gases.  The researchers 

are searching for the gas sensor which can measure lower 

concentration of the pollutant gases. Sensors play an 

important role in the areas of emissions control, 

environment protection, public safety, and human health. 

Now a days environmental issues are critical than ever 

before, the fore development of gas sensors with both high 

sensitivity and rapid response essential [3]. 

Gas sensors plays important role for environmental 

monitoring, home safety, and chemical controlling. There 

is an increasing interest in the development of new 

materials in order to develop high performance metal 

oxide gas sensors. Many different metal oxides in the form 

of bulk ceramic, thick film, and thin film sensors have 

been studied as a sensor element for gas sensing [4-5]. The 

perovskite oxides having stoichiometry ABO3, where A 

is lanthanide or alkali earth metal, and B is transition 

metal. The ideal perovskite-type structure is cubic. In this 

structure, the B cation is in a sixfold coordination and the 

A cation is in a twelvefold coordination with the anions 

[6-7]. The B-site in perovskites is most probably 

responsible for the catalytic and gas sensing properties. 

These materials have great potential as a resistive type gas 

sensing material due to thermal stability, easiness in 

tunability of structure and chemical composition. The 

sensitivity of these materials is changed moreover 

enhanced upon doping due to off stoichiometry’s. These 

materials have capability to host cationic and oxygen 

vacancies, render them with oxidation, reduction 
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properties. Early results on the catalytic activity of 

perovskite and their semiconducting behavior encouraged 

researchers to test them as sensing materials. These 

properties of perovskites allow the detection of gaseous 

species using I-V characteristics. 

The STO is a cubic perovskite with pm3m space group 

[8]. It is promising material for gas sensing [9]. Thick and 

thin films deposition of STO and Cu-STO are possible 

using various deposition methods such as Spray pyrolysis, 

sol-gel, screen printing, chemical bath deposition (CBD), 

magnetron sputtering, pulsed laser deposition (PLD), 

metal-organic chemical vapor deposition (MOCVD), 

atomic layer deposition (ALD), laser chemical vapor 

deposition (LCVD) etc. Some of the techniques typically 

yield dense films with less or no pores. In these cases, the 

gas sensitivity arises from chemisorption of gases at the 

free surface of the film only upon surface exposed to the 

gas phase. The gas-sensitive surface depletion layer 

typically extends up to ≈ 10 nm into the sensing film, 

whose thickness is typically larger than 100 nm. Under 

these circumstances the overall sensor resistance is 

dominated by the resistance of the bulk of the film, which 

is insensitive to interactions with the gas phase. Therefore, 

the sensitivity of thin film gas sensors is often inferior to 

that of mesoporous thick films, where gas molecules 

permeate into the film and interact with the surface of the 

grains inside the film [10]. The metal-oxide gas sensors 

are fabricated largely in thick-film from using screen-

printing technology for the specific advantages and 

applications. The ability to produce hybrid integrated 

circuits in a robust and miniaturized package is one major 

advantage of the thick film technology [11-14]. Screen 

printing technique is graphic art reproductions and 

involves the deposition of paste onto a base material 

(substrate) through the use of a finely-woven screen with 

the desired geometry [15]. It is frequently used process in 

printed electronics, as the applied layer thicknesses can be 

deliberately adjusted over a wide range [16]. Numerous 

metal oxide semiconductor materials have been reported 

to be usable as gas sensor, such as ZnO [17], SnO2[18], 

TiO2[19], TiO2 at room temperature [20], SnO2 at room 

temperature [21] and BaTiO3[22] so on, these materials 

have non-stoichiometric structure, so free electron, 

originating from oxygen vacancies contribute to electrical 

conductivity. Nano crystalline zinc titanate (ZnTiO3) is 

another promising solid-state material that can be 

synthesized via a simple physicochemical method for 

LPG sensors [23]. 

 
Figure 1 Air pollution causes and effects. 

2. EXPERIMENTAL 

Preparation of thixotropic paste 

The STO powder was produced by mechanochemical 

(MCP) process using Sr (OH)2 and TiO2 precursors. The 

Sr (OH)2 (12.1649 g) and TiO2 (7.989 g) was mixed. The 

powder was ball-milled up to 1 hr. at room temperature 

using conventional ball-milling method. The chemical 

reactions would be - 

Sr (OH)2 + TiO3  SrTiO3 

The milled composition was added by hot (1000C) water, 

and then heat treated, subsequently at 1000C for 1 hr. to 

complete the oxidation reaction. Then prepared powder 

was sintered at 8000C for 1hr. The amount of SrTiO3 

powder was taken for preparation of thixotropic paste. 

Fabrication of thick film resistor (TFR) 

 
Figure 2 Structure of TFR 

The screen-printing technique was used to fabricate the 

TFR. The thixotropic paste was prepared using 75% of 

fine powder of STO and 25% organic binder, so prepared 

thixotropic paste is pressed through a screen on to the 

substrate using a squeeze. The prepared films were dried 

at 80-100 0C for 1hr under IR lamp. Then the films were 

fired at 5000C for 30-minute time interval [24]. 

The Surface modification of films 

The fired STO films were modified by dipping technique. 

The STO films were obtained by dip-ping them into 0.1 

molar aqueous solution of copper chloride for manually 

controlled time inter-vals (10, 20, 30, 60 min.). The firing 

of the films would cause the oxidation of surfactant. The 

films were dried under IR lamp at 800C, latter firing at 

5000C for 30 minutes. These films are termed as cu-

modified films. 

3. MATERIALS CHRACTERIZATION 

XRD 

The Rigaku model DMAX-2500 X-ray diffractometer 

(XRD) with CuKα radiation, having λ=1.5406 Ǻ is used 

to study the films.Fig.3 shows X-ray diffractogram of 

screen-printed STO thick films fired at 5000C. The XRD 

analysis revealed that the material is polycrystalline in 

nature with cubic perovskite phases. The peak positions 

(110), (111), (200), (211) corresponds to STO, (103) 

corresponds to SrO and (220) corresponds to TiO2. The 

film shows presence of STO, SrO and TiO2 phases. The 

precursor was not completely transformed into single 

phase STO at 8000C. The average grain size was 

determined by using Scherrer formula T = (0.9λ)/(β cosθ 

) and was estimated to be 229 nm. The lattice constant ‘a’ 
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was computed, Strontium titanate is a ternary oxide that 

has a cubic perovskite structure and hence it only has one 

lattice constant ‘a’. The lattice constant ‘a’ of the 

synthesized STO is 4.86 Ǻ at 8000C, which are most 

comparable with reported value 3.9 Ǻ. 

 
Figure 3 XRD of the STO thick film. 

SEM 

 
Figure 4 Micrographs of (a) Pure and (b) CuO-SrTiO3 (20 

min.) samples 

From the above SEM images the average grain size of 

sensing layer is less than 1 micrometer. This is very useful 

in gas sensing study, smaller is the grain size larger will 

be specific area and so gas response increases. 

Elemental analysis 

Stoichiometric mass % of Sr, Ti and O in SrTiO3 are 

25.77, 60.12 and 14.11 respectively. Ele-mental analysis 

showed that, the mass % of Sr, Ti and O in STO are not as 

per stoichiometric proportion, and all samples were 

observed to be the Ti deficient and excess in oxygen 

(Table 1). The CuCl2 dipped films were observed to be 

most oxygen deficient than the unmodified STO film. 

Among all films the film dipped for 10 min was observed 

to be relatively more oxygen rich. The oxygen deficiency 

in STO leads the semiconducting nature of the material. It 

is clear from the Table 1 that the mass % of Cu goes on 

increasing with the dipping time, reaches to maximum at 

20 min and then decrease further. 

Table 1: Elemental analysis of unmodified (pure) and modified 

STO thin films 

Mass 

% 

Time of dipping in minutes 

0(Unmodified) 10 20 30 60 

Sr 29.96 29.43 30.56 30.49 31.26 

Ti 35.46 33.98 35.55 35.33 35.97 

O 34.58 32.01 32.04 32.73 31.94 

Cu 00.00 1.52 1.85 1.46 0.83 

 
Figure 5 EDS spectrum of CuO- modified STO (dipping time 

20 min) thick film 

4. SENSOR PERFORMANCE 

The performance of sensors was checked using a static 

system under laboratory conditions. The samples were 

characterized for 30-3300 ppm concentration of LPG at 

various operating tempera-tures. The ratio of change in 

conductance of the sample on exposure to a test gas to the 

conduct-ance in the presence of air is called gas response 

i.e.  

Gas Response, 𝑆 = |
Ga−Gg

𝐺𝑎
| = 

∆G

𝐺𝑎
 

Where- Ga is the conductance in air; Gg is the 

conductance of the (sample) gas and ΔG is the change in 

conductance. 

Gas Sensing performance of Pure and modified STO 

The gas response of STO to LPG increases with operating 

temperature, goes to maximum at 3500C temperature and 

decreases with further increase in operating temperature. 

Gas response was increased for modified STO. Response 

to LPG is related generally to adsorption of oxygen ions 

on the surface of the film with LPG. The surface chemistry 

of the films was favorable for adsorption, the response and 

selectivity would be enhanced. The cumulative effect 

would de-crease the film resistance, giving a response to 

LPG gas. 

 
Figure 6 Variation of gas response of thick films of (a) 

unmodified and (b) Cu modified STO with operating 

temperature 

Variation of gas response to CuO modified STO 

(20min) 

At 3000C LPG acquire a positive charge which, in case of 

n-type STO, causes release of further conduction electrons 

and shown sensitivity to LPG gas. It is clear from figures 

that CuO-modified STO show maximum response to 

LPG. Amongst all CuO-modified STO thick film with 

dipping time 20 min showed highest gas response (1225) 

to LPG. 
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Figure 7 Variation of gas response 

Electrical properties and Electrical Conductivity 

In these figures we have observed that pure film shows 

low resistance compared to as CuO mod-ified films this is 

due to diffusion of CuO species on other films. So, it is 

observed that resistivity of material increases after CuO 

modification. Electrical conductivity of these films goes 

on in-creasing with increase in temperature for all 

samples, this indicates negative temperature coeffi-cient 

(NTC) of resistance. This gives the semiconducting nature 

of the film. The conductivity of the 20-minute film is more 

in comparison of other films this may attributed to CuO 

molecules are more in mass % onto surface of the film. 

 
Figure 8 (a) Conductivity-temperature profiles of 20 minuet 

film 

The figure-9 shows the Figaro 2600 series sensor device, 

it is a new type thick film metal oxide semiconductor, 

screen printed gas sensor which offers miniaturization and 

lower power consumption. The TGS2610 displays high 

selectivity and sensitivity to LPG and its components like 

pro-pane and butane. 

 
Figure 9 Photograph of LPG sensors 

5. WARRMUP, RSPONSE/RECOVERY TIME 

The response and recovery time are important parameter, 

used for characterizing sensors. The warm-up time of a 

sensor material is defined as, it is the time required to 

reach the operating condition of a sensor material. The 

sensor element is expose to target gas. For this sensor the 

average sensitivity is 200, average response time of 25 

seconds and average recovery time (corresponding to 

complete or 100% recovery) of 45 seconds are noted. 

For this sensor time required to recover 80% of its original 

condition was 25 sec. Therefore, be-yond this time, the 

sensor can be considered to be ready for the next sensing 

cycle. The time re-quired for the sensor response to reach 

80% of the saturation value after the LPG contacts the 

surface of the sensor; the recovery time is the time 

required for the gas response to recover to the initial level 

after the removal of LPG from the environment. The 

average sensitivity of 200, aver-age response time of 25 

seconds and average recovery time is 45 seconds are 

noted. The stabilization of the sensor response is due to 

the equilibration of the chemisorption process. The most 

stable species at 350 ºC is the O- species and the 

stabilization was achieved when an equilibrium 

concentration of these adsorbed species was obtained. 

 
Figure 10 Warm up Response time of Sensor 

6. RESULTS AND DISCUSSION 

The metal oxide-based LPG sensing mechanism is surface 

controlled and is mainly resolute by the interactions 

between the surface of the sensor and LPG. Change in the 

resistance is controlled by the species and amount of 

chemisorbed oxygen on the surface. It is true that, the 

greater specific surface area of the material, the interaction 

between adsorbed gases and sensor surface will be 

stronger and so sensitivity will be more. The smaller 

particle size and large specific area contribute to oxygen 

and LPG adsorption on the surface of the materials, which 

is attributed to increase in gas response of the sensor. 

The sensing mechanism f LPG is based on the changes in 

the resistance or conductance of the STO thick film. LPG 

gas on exposure decomposes into carbon and hydrogen 

species, which react with adsorbed oxygen, liberating the 

captured electrons into conduction band resulting in 

enhancing the catalytic activity of the film surface. The 

oxygen adsorbed on the surface of the film influences the 

conductance of the STO based sensor. 

Initially oxygen in the atmosphere adsorbs on the surface 

of the film and extract electrons from its conduction bands 

to form O2
− species on the surface, consequently resistance 

increases. After an equilibrium state is achieved between 

oxy-gen of STO and atmospheric oxygen and the value is 

stabilized. 
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O2(gas)  O2(ads)  (film surface) 

O2(gas)+ e−                𝑂2
−  (film surface) 

When the thick film is exposed to LPG, it reacts with 

chemisorbed oxygen. On interaction with hydrocarbons 

(Cn H2n+2) of LPG, the adsorbed oxygen is removed, 

forming gaseous species and water vapor. Consequently, 

the conductance changes, which is due to the change in 

the width of depletion layer after exposure to LPG. The 

reaction of LPG with the chemisorbed oxygen is occurred 

as shown below: 

2Cn H2n+2 + 2O2
− 2CnH2n + 2H2O+ 2e- 

It is known that oxygen in air can be chemisorbed and 

decomposed as𝑂2
−,𝑂− and 𝑂2−. At 3000C, an equilibrium 

state exists at the surface of the CuO-modified film. 

𝑂2            𝑂2
− (ad)  𝑂−(ad)  𝑂2−(ad) 

LPG on exposure decomposes into carbon and hydrogen 

species, which react with adsorbed oxygen, liberating the 

captured electrons into conduction band resulting in 

enhancing the catalytic activity of the film surface. The 

butane is the major constituent of LPG, it requires high 

temperature to dissociate into lower alkanes. Carbon-

carbon and carbon-hydrogen bonds are quite strong due to 

strong Vander Waals forces. They break only at higher 

temperatures resulting in carbon and hydrogen separation. 

The atmospheric oxygen O2 adsorbs on the surface of the 

thick film. It captures the electrons from conduction band 

as: 

O2 (air)+2e−         →2O( film surface)
−  

The reaction mechanism for LPG is quite complex and 

proceeds through several intermediates which are yet to 

be fully understood, but the overall reaction of LPG 

molecules with adsorbed oxygen species may be 

explained as follows: 

CnH2n+2 + 2O- → H2O + CnH2n:O + e- 

CnH2n: O + O- → CO2 +H2O + e- 

Here, CnH2n+2 represents CH4, C3H8, C4H10, etc. 

while CnH2n:O represents partially oxidized 

intermediates on the STO surface. Thus, during oxidation 

LPG liberates electrons into the conduction band, thereby 

decreasing the resistance of the film upon exposure to 

LPG. 

 
Figure 11 LPG sensing Mechanism 

7. CONCLUSION 

The results showed the material is stable and has 

perovskite structure at sintering temp.800°C. Pure STO 

was almost insensitive to LPG gas at higher temperatures. 

Among various additives tested, CuO was observed to be 

outstanding in promoting the gas sensing performance of 

STO based gas sensors. CuO-modified dipped STO thick 

films with dipping time 20 min is observed to be most 

sensitive (1225) to LPG at operating temperature 3000C. 

Surface modification by dipping process was one of the 

most suitable methods of modifying the thick film surface. 

CuO dipped STO thick films are observed to be the most 

sensitive element to LPG gas. CuO-modified STO has the 

potential of fabricating LPG sensor. The sensor showed 

very rapid response and recovery at low concentration. 

The sensor has good selectivity for LPG against Cl2, NH3, 

CO2, H2 and C2H5OH gases at low temperature. 
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