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Abstract: Zinc oxide nanostructures were synthesized by chemical route method. The XRD spectrum indicates that the sample is 
wurtezite (hexagonal) structured ZnO with lattice constants of a = 3.249A0, c = 5.206 A0. Thick films of synthesized ZnO were 
prepared by screen printing technique. The Zn2SnO4 modified ZnO were obtained by dipping them into an aqueous solution of 
SnCl4.5H2O for different interval of time. Gas sensing properties of pure and modified ZnO thick films were investigated. The 
Zn2SnO4 modified ZnO thick film dipped for 3 min was observed to be more sensitive to LPG at 2400C as compared to other 
modified thick films. The effect of surface microstructure and Zn2SnO4 concentration on the sensitivity, selectivity, response and 
recovery of the sensor in the presence of LPG were studied and discussed.  
Keywords: ZnO nanostructure, Zn2SnO4 modified ZnO thick films, LPG Sensor. 

I.  INTRODUCTION 
The detection of toxic and inflammable gases by a sensor was extremely important for human and environmental protection. 
Research on the gas sensors was aimed to obtaining new sensing materials to achieve highly sensitive and selective devices. ZnO 
has proven to be highly sensitive materials for the detection of both reducing and oxidizing gases [1-10]. Though, poor selectivity is 
one of its disadvantages. 
Semiconductor gas sensors based on SnO2 and ZnO have been studied for the detection of toxic or inflammable gases [11-14]. 
However, high operating temperature is one of their disadvantages. In order to modify the gas sensing properties, the use of metal 
additives such as Ag, Pt and Pd as catalysts were widely studied [15]. Another approach was the utilization of the interfaces between 
two different oxides such as hetero contact of p-n junction with new sensing mechanism was proposed to improve its sensing 
properties. However, the hetero contact type sensors have the poor reliability due to its pressed contact [16].  Composite type 
sensors were suggested to improve the reliability since they contain many heterogeneous interfaces between different phases. 
However, the composites make the study of the individual interface difficult.  To overcome these problems, only surface of metal 
oxides were modified with other oxides by using dipping technology. In present work, the efforts were made to modify surface of 
ZnO nanostructure thick film with Zn2SnO4 crystals by using dipping technique to improve sensing properties. 

II. EXPERIMENTAL 
A.  Synthesis of ZnO nanostructure 
All chemicals were of analytical grade and used as purchased without further purification. 
In present work, 2.974 g Zinc nitrate hexahydrate was dissolved in 100 ml distilled water and 2.0g of NaoH was dissolved in 100 ml 
distilled water. The zinc nitrate solution was added drop wise to the NaoH solution to form white solution. Then, white solution was 
subsequently kept at 750C for 12h. The resulting white precipitates were collected by centrifugation, washed with distilled water and 
ethanol several times and then dried at 800C in vacuum oven for 2h. The synthesized ZnO nanostructure was used for further study.  

B.  Preparation of thick films 
Thick films of ZnO nanostructure were prepared by using screen printing technique. In present process, paste was formulated by 
mixing the ZnO nanostructure powder with ethyl cellulose in a mixture of organic solvents. The ratio of ZnO to ethyl cellulose was 
kept 93:07. The paste was screen printed on a glass substrate in desired patterns. The films were fired at 5000C for 2h to remove 
temporary binder. Prepared thick films termed as pure ZnO thick films. 

C.  Zn2SnO4 Modified ZnO thick Films 
Surface of pure ZnO thick film were modified by dipping them into a 0.01 M aqueous solution of SnCl4.5H2O for different intervals 
of time (1, 3, 5 & 7 min). After dipping, thick films were dried under IR lamp for 45 min. and calcinated at 7000C for 4h in air 
ambient. In calcination process, tin chlorides dispersed on the film surface were reacting with surface ZnO molecules and oxidized. 
Therefore sensor elements with different mass% of Zn2SnO4 on the surface of ZnO thick film were obtained. These surface 
activated films are termed as Zn2SnO4 modified thick films. 
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D.  Characterization 
The synthesized ZnO were characterized for structure and morphology by power X-ray diffraction (Philips PW 1710) and 
transmission electron microscopy (TecnaiG2 20 ultra-twin). The microstructure and chemical composition of the films were 
analyzed using a field emission scanning electron microscope (ZEISS SUPRA-55) coupled with an energy dispersive spectrometer. 
Thickness measurements were carried out using Marutek film Thickness Measurement System. Gas sensing characteristics were 
measured using a static gas sensing system.  

E.  Static Gas Sensing System  

 
Fig. 1 Photograph of computerized gas sensing system 

Fig. 1 represents photograph of computerized static gas sensing system to examine the sensing performance of the thick films. A 
constant voltage was applied to the sensor element and current was measured with the help of voltage source cum picoammeter 
(Keithley 6487). Heating element and thermocouple were connected to temperature controller (Nippon NC 2638). Sensor element 
and thermocouple were kept on the insulating surface of the heating element. The required gas concentration inside the static system 
was achieved by injecting a known volume of test gas using a syringe. The vacuum pump is attached to chamber to create vacuum 
or to remove test gas.  

III. MATERIAL CHARACTERIZATION: 
A.  X-ray Diffraction  
The recorded X-ray diffraction pattern (Fig. 2) confirmed that synthesized ZnO is highly crystalline in nature. The corresponding X-
ray diffraction peak for (100), (002), (101) and (102) planes confirm the formation of hexagonal wurtzite structure of ZnO, which 
are in good agreement with the literature values (JCPDS card No. 36-1451). In this X-ray diffraction pattern, extra pick appear at 2θ 
=440. This peak was identified as surface hydroxyl groups, which can be related to the formation of water on the ZnO nanostructure 
surface [17]. The crystallite size was calculated by using Scherrer’s formula [18] and found to be 16nm.  

 
Fig. 2 powder XRD pattern of ZnO nanostructure synthesized by chemical route method 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 9 Issue II Feb 2021- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 85 

B.  Transmission electron Microscope  
Fig.3 illustrates the TEM image of the ZnO nanoparticles. TEM pattern shows that the particles are agglomerated up to some extent. 

 
Fig. 3 TEM image of ZnO nanostructure synthesized by chemical route method 

C.  Scanning Electron Microscope 
The FE-SEM micrograph of the pure ZnO thick film prepared by screen printing technique is shown in Fig. 4a. Pure ZnO thick film 
consists of randomly distributed nanosheets.  Fig. 4b corresponds to surface modified ZnO thick film with dipping time 1 min, 
clearly indicate that, growth of nanosize octahedral crystal began to occur on the surface of ZnO thick films. These nanosize 
octahedral crystals attributed to Zn2SnO4. Thus effective surface area of thick film gets increased. As dipping time increases to 3 
min, growth of more and more Zn2SnO4 crystals on the surface of ZnO thick films occur (Fig. 4c). Further increasing in dipping 
time to 5min and 7min, these nanoscale Zn2SnO4 crystals start to disperse core of ZnO nanostructure as shown in Fig. 4d and 4e 
respectively. Fig. 4f shows high magnified FE-SEM image of Zn2SnO4 crystal created on the surface of modified ZnO thick film 
(dipped for 3 min.). 

 
Fig. 4 FE-SEM images of a) pure ZnO thick film & modified ZnO thick film b) dipped for 1 min. c) dipped for 3 min. d) dipped for 

5 min. e) dipped for 7 min. f) Highly magnified modified ZnO thick film (3 min dip.) 
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D.  Elemental Analysis 
Fig. 5a-e represents the EDS patterns of pure and modified ZnO Thick films. These Figures illustrate that as the dipping time 
increases intensity of tin peak increases, which indicate the increasing in mass percentage of tin element on the surface of the ZnO 
thick film. 

 
Fig. 5 EDS patterns of a) pure ZnO thick film & modified ZnO thick film b) dipped for 1 min. c) dipped for 3 min. d) dipped for 5 

min. e) dipped for 7 min. 

 
IV. SENSING PERFORMANCE 

A.  Pure ZnO thick film 
The gas response of the sensor was defied as the ratio of the change in conductance of a sample upon exposure to the target gas to 
the original conductance in air. The variation of gas response of ZnO thick film to 600ppm LPG with operating temperature is 
represented in Fig. 6. The response to LPG increases with increasing the operating temperature, reaches to the maximum (6.7) at 
3000C and decreases with further increasing operating temperature. Response to a gas is due to the interaction between 
hydrocarbons (propane and butane present in LPG) and adsorbed oxygen ions present on the surface of the thick film. When 
hydrocarbons interact with the adsorbed oxygen ions on the surface of ZnO thick film they are converted to CO2 and H2O and 
releases the trapped electrons back to the conduction band of the zinc oxide thick film. As a result the conductance of ZnO thick 
film increases in existence of LPG.  

 
Fig. 6 variation of gas response of pure ZnO thick film with temperature 
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B.  Zn2SnO4 modified ZnO thick films 
1) Gas response and Operating Temperature: The variation of gas response of modified ZnO thick films to LPG as a function of 

operating temperature is shown in Fig. 7. It represent that modified ZnO thick films with different dipping time are sensitive to 
600 ppm LPG in the temperature range 200-3000C. The highest response of all thick films was observed around temperature 
2500C.  

 
Fig. 7 variation of gas response of modified ZnO thick films with operating temperature. 

2) Selectivity for LPG Against Various Gases 

 
Fig. 8 Selectivity of modified ZnO thick films to LPG from mixture of gases at operating temperature 2400C. 

Fig. 8 demonstrate the selectivity of all modified ZnO thick films for 600 ppm LPG, NH3 and CO2 gas at operating temperature 
2400C. These modified thick films showed high selectivity to LPG among the gases such as CO2 and NH3.  
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3)  Response and Recovery time of the Sensor: Fig. 9 illustrates the response and recovery of the modified ZnO thick (3 min dip).  
It indicates that the response was quick (6 s) to 600 ppm of LPG, while the recovery is also fast (8 s) at operating temperature 
2400C.   

 
Fig. 9 variation of gas response of modified ZnO thick film (dipped for 3 min) to 600ppm LPG with time 

All modified ZnO thick films gives quick response to LPG at higher operating temperature and fast recovery when sensor element 
keeps in air atmosphere. Such quick response and fast recovery can be explained on basis of adsorption and desorption process of 
oxygen ions on surface of Zn2SnO4 modified ZnO thick film. 

V.  DISCUSSION 
Enhancement of sensing performance of Zn2SnO4 modified ZnO thick film to LPG [Fig. 7] as compared to pure ZnO thick films 
[Fig. 6] can be attributed to growth of zinc stanate crystals on the surface of ZnO thick film. This will increase the surface to volume 
ratio of the sensor material. The chemical composition and crystal morphology of Zn2SnO4 offers enhanced active sites for reactions 
of LPG molecules with adsorbed oxygen.  
When Zn2SnO4 modified thick film exposed to air, oxygen molecules were adsorbed on the Zn2SnO4 surface, which generate 
ionized oxygen species by trapping electrons from the conductance band of Zn2SnO4.  These generated ionized oxygen species react 
with reducing gas such a LPG, which resulted in the release of electrons to the surface of Zn2SnO4 modified ZnO thick film. Thus 
the conductivity of Zn2SnO4 modified ZnO thick films were increases gradually. 
Fig. 7 shows that the sensitivity of Zn2SnO4 modified ZnO thick film (dipped for 3 min) is highest among other thick films in the 
temperature region 200-3000C, it may be attributed to morphology of Zn2SnO4 crystals developed on the surface of ZnO thick film. 
The adsorption and desorption processes, which determine the sensor response mainly depends on the orientation and morphology 
of the crystals.  
As the size of the crystal domain becomes smaller, the ratio of edge and corner atoms increases and also the surface topology 
becomes increasingly roughened [19]. Control of crystal size distributions and resulting changes in electronic and surface states 
provides an opportunity to tailor the interaction and adsorption of gas molecules on the exposed surfaces of Zn2SnO4 cubic 
structures and ZnO nanostructure resulting in enhanced sensor performance. 

VI.  SUMMARY 
The sensing performance of pure and modified ZnO thick films can be summarized as  

A. Zinc oxide power synthesized by chemical route method consists of nanoparticles and nanorods.  
B. Pure ZnO thick films showed higher sensitivity and selectivity to 600 ppm LPG gas at 3000C. 
C. In case of surface modified thick films, thick film (dipped for 7 min.) shows higher conductivity. 
D. All modified ZnO thick films shows sensitive to 600ppm of LPG in the temperature range 200-3000C.  
E. At 2400C, modified ZnO thick film (dipped for 3 min.) shows higher sensitivity to 600 ppm of LPG as compared to other 

modified ZnO thick films. 
F. Modified ZnO thick films showed very rapid response and fast recovery as compared to pure ZnO thick films. 
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