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Introduction  

First resistive type sensor for detection of inflammable gases were 
reported in 1961 by Seiyama et-al 

1
. At the same time Taguchi developed a 

detector (based on semiconductor oxide) named TGS for LPG leakages as 
the first sensor commercialized on a large scale 

2-3
. Within last 75 years, 

several researchers were dedicated to chemical sensors focusing on 
sensing materials, device design and electronics.  
Review of Literature 

The liquefied petroleum gas (LPG) is one of extensively used but 
potentially hazardous gas and its detection is particularly important, 
because explosion accident may be caused when it leaks out accidentally 
or by mistake. So the detection of LPG in domestic tool must be no false or 
missing alarms during cooking, which requires the equipment to identify 
LPG 

4-6
. Among the gas sensors TiO2 based gas sensors have been widely 

used because of their inert surface properties and high sensing abilities 
7
. 

In recent years, the extraordinary sensitivity of TiO2 towards H2 
8
, CO 

9
, 

methane 
[10]

, ethanol 
11

 etc has been reported. 
Yadava et-al reported a solid-state titania-based gas sensor for 

liquefied petroleum gas detection at room temperature. They estimated that 
crystallite size range 30-75 nm and average sensitivity of sensor was 1.7

 12
. 

Mohmmed et-al reports that, In situ aqueous synthesis of silver 
nanoparticles supported on titanium as active electro-catalyst for the 
hydrogen evolution reaction and the results show that the Ti substrate 
loaded with the highest population of AgNPs exhibits the most 
effective electro-catalytic activity towards the HER, even better than 
platinum 

13
. 

Aim of the Study 

The present work, we investigated the structural and sensing 
properties of 1 wt% CdS-doped TiO2 thick film deposited on glass 
substrate. We observed that, from XRD the crystallite size reduces with 
CdS doping. The reduction of size improves the sensitivity of the fabricated 
materials since reduction in nanometric size with CdS enhance its surface 
area. The response of the sensor enhanced 60 % with 1 wt% CdS doping. 
Fabrication of Film 

In the laboratory Initially, TiO2 powder are grinded in porcelain 
disc using top to bottom approach for 1 hour, solvent CH3COOH acid and 
labolin is added and paste is prepared. This paste is rolled over alumina 

Abstract 
The structural properties and sensing behavior of liquefied 

petroleum gas (LPG) for cadmium sulphide (CdS) doped titanium dioxide 
(TiO2) composite film is investigated. Undoped TiO2 and 1 wt % CdS 
doped TiO2 films are grown onto alumina substrate. Structural properties 
are investigated using X-Ray diffraction (XRD). The XRD measurement 
reveals that the crystallites sizes of TiO2 were found 25.6 nm and 22.6 
nm for undoped TiO2 and CdS-TiO2 film respectively. The CdS content 
reduced the crystallite size. The fabricated undoped and CdS doped TiO2 
composite are used as a sensing film for detection of LPG at 25 

0
C. The 

variation in resistance of the fabricated sensor undoped TiO2 (S1) and 1 
wt% CdS-TiO2 (S2) is measured varying the concentration of LPG (0-
5000 ppm) in air ambient at room temperature. We observed that S2 
sensor show maximum response to LPG (35%) which is 2.5 times more 
than S1 for concentration of LPG 5000 ppm. The response and recovery 
time of fabricated sensor are 130 sec and 350 sec. Thus, CdS-doped 
TiO2 film is promising sensing film for the detection of LPG at 25 

0
C.  

https://www.sciencedirect.com/topics/chemistry/electrocatalytic-activity
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 substrate using glass rod (sensor S1). Further, 1wt% 
CdS is added into TiO2 powder and paste is prepared 
and deposited on alumina substrate (S2). The 

fabricated undoped TiO2 film and CdS doped CdS-
TiO2 composite films are fried at 300 

0
C for 45 min. 

Flow chart fabrication of film is presented in figure 1. 
Table 1. Crystallite Size and Lattice Strain Investigate from XRD Measurement. 

Wt % Cds Crystallite Size (nm) Lattice Strain (nm) Response % 

0 25.66 0.0064 14 

1 22.58 0.0073 35 

 

 
Figure 1. Flow Chart of Fabrication of Film 

 
Results and Discussion 
3.1 XRD 

The structural properties of fabricated 
sample were analyzed using XRD with Cu-Kα 
radiation as source having wavelength 1.546 Å. The 
crystallite size was estimated using Debye Scherer 
formula 

14-15
. 

d = 
𝑘

.𝑐𝑜𝑠
                     (1) 

Where  is full width half maxima of peak,  

is X-ray wavelength,  is the Braggs angle and k is 

shape factor ( 0.94). Fig.2 shows the XRD pattern of 

S1 and S2. The high intensity peak, centre at 2  
25.3

0 
is assigned to (101) with full with half maxima 

(FWHM)  0.3314 and FWHM  0.3769 for S1 and S2 
respectively. The crystallite size found to be 25.66 nm 
(with lattice strain 0.0064) and 22.058 nm (lattice 
strain 0.0073) for S1 and S2 respectively. In the XRD 
analysis at peak (101) shows the fabricated films are 
anatase crystalline phase. The reduction of 
crystallinity with CdS doping were improve the 
sensing properties.  

 
Figure 2. XRD pattern of (a) S1 film (b) S2 film 
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Figure 3. Experimental Setup for Sensing of LPG 
 
3.2 Sensing Measurement and Mechanism  

The prepared CdS-doped TiO2 films were 
examined for sensing behavior for various 
concentration of LPG in ppm level (0-5000) at 25

0
C. 

The experimental setup is shown in figure 3. 
Percentage change of sensor response for the 
sensing materials is defined as  
 

SR = 
|Ra−Rg |

𝑅𝑎
 x100                        (2) 

 
Where Ra is resistance in air and Rg is 

resistance in presence of LPG
16,17

 It is observed from 
figure 4 that response of S1 and S2 are found 14% 
and 35% respectively and the response of   S2 is 2.5 
time than S1 (Table1). The LPG sensing mechanism is 
explained on the basis of change in resistance of 
oxide thick film. Initially oxygen adsorbed on the 

surface of film and extracts the e
-
 from its conduction 

band to form of O
-2

 species shown in following 
reaction. 

O2 (gas)        O2 (ads) 

O2 (ads) + e
- 
 O

-2 

When we exposed LPG on the surface of 
film, LPG react with chemisorbs oxygen, 
chemisorptions is stronger interaction that, show a 
better sensitivity. Overall reaction is fallow as 

2CnH2n-2 + 4O
-2 
 2CnH2nO + 2H2O+ 8e

-
        

Response and recovery time is most 
important factor for sensing parameter; response time 
to determine when 90% of its maximum value of 
response and time taken by sensor response goes to 
its initial state is known as recovery time.  From 
Figure 5 observed that, response time of S2 130 sec 
with recovery time 350 sec 

 
Figure 4.Response of LPG for undoped, 1wt% CdS doped TiO2 

Conclusion 

In the present work the structural and 
sensing properties of CdS-TiO2 composite film were 
studied. Structural analysis reveals that crystallite 
sizes are found in nano metric range and reduces with 
CdS contents. The reduction of crystallinity and 
adsorbed oxygen influence the sensing behavior of 
the CdS-TiO2 composite films. The response of S1 

and S2 were studied with exposure of LPG in (0-5000 
ppm) at room temperature. It is found that CdS-TiO2 

(S2) shows maximum response (35%) for tested LPG 
gas. The response time of the sensor S2 is 130 
second.  We conclude that 1 wt% CdS doped TiO2  
composite films is a suitable composite films and can 
be used for the sensing of LPG gases room 
temperature. 
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Figure 5.Transient time vs. response for S2 Sensor 
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