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A B S T R A C T 
The sensitivity and stability of the sensor 
depends on the temperature of the gas  
sensing element. Most of the metal oxide 
based gas sensors operate above the room 
temperature extending up to several 
hundred degrees centigrade and it is 
essential to know the precise operating 
temperatures of these sensing elements. To 
achieve good sensitivity, one should know 
and operate these elements accordingly. In 
present work we prepared a thick film of 
metal oxides SnO2 and ZnO  by using screen 
printing technique and analysed  by SEM .It 
was observed that, in a typical case, the 
sensitivity increases gradually with 
temperature and becomes less gradual at 
higher temperature values. From linear 
dependency, it deviates to a maximum value 
and beyond this point the sensitivity falls 
rapidly, such behaviour is being exhibited by 
almost all the metal oxide-based gas sensor. 
Keywords: screen-printing technique; CO2 
gas sensor 
 

1. Introduction: 
At present, there is a large interest in 
implementing sensing devices in order to 
improve environmental and safety control of 
gases. The most used gas sensor devices can be 
divided in three big groups depending on the 
technology applied in their development: solid 
state, spectroscopic and optic.While 
spectroscopic and optic systems are very 
expensive for domestic use and sometimes 
difficult to implement in reduced spaces as car 
engines, the so called solid state sensors present 

great advantages due to their fast sensing 
response, simple implementation and low prices 
[1-5].  These solid state gas sensors are based 
on the Change of the physical and /or chemical 
properties of their sensing materials when 
exposed to different gas atmospheres.  Although 
the number of materials used to implement this 
kind of devices is huge, this work was centered 
in studying the semiconductor properties, in 
those material using SnO2    and ZnO as sensing 
materials. 
 The main purpose of this paper is to 
study and develop CO2 gas sensor with new 
materials for gas sensing elements starting from 
the knowledge in thick film production using 
screen-printing technique. 
 
2. Experimental: 
2.1 Sensor preparation: 
ZnO , SnO2 and Al2O3 powders (AR grade) 
were calcinated at about 700 °C for 5-6 h and 
were crushed in mortal pestle to get fine powder 
of the samples.  ZnO ,SnO2 were characterized 
by SEM. The ink or paste of the sample was 
prepared by using screen-printing (thick film 
technique) technique.  The binder for screen-
printing was prepared by thoroughly mixing 8 
wt% butyl carbitol with 92 wt% ethyl cellulose. 
On chemically cleaned glass plate, paste of 
Al2O3 was screen printed and it was kept for 24 
hr to dry it at room temperature and then heated 
at 1400C for 2.5 h to remove the binder. The 
Al2O3 layer provides mechanical support as 
well as high thermal conductivity. Paste of ZnO 
and SnO2 mixed in proper stiochometry was 
then screen printed on Al2O3 layer. Again plate 
was dried at room temperature for 24 h and 
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binder was removed by heating it at 1500C for 
2.5 h. Finally film is prepared by screen 
printing, whole plate was dried and again binder 
was removed as above. Fabrication of 
multilayer sensor is shown in following fig. (1) 

 

Finally on the top surface of the sensor, 
interdigited electrodes [6,9] were fabricated 
using conducting silver paste as shown in the 
Fig.1 (b)To measure the sensitivity, electrical 
resistance was measured with the help of 
voltage drop method, best one. 

 

        
(a)                                                                  (b) 
 

 
(c) 

Fig. 1 (a) Fabrication of interdigited Electrodes (b) Actual photograph of interdigited electrodes (c) 
Circuit of resistance measurement using interdigited electrodes. 

 
3. Results and Discussion: 
3.1: SEM  
 3.1(a) SEM of ZnO  

 



 
INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (IJCESR)                  

  
 

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-6, ISSUE-1, 2019 
943 

 
3.1(b) SEM of SnO2         
               Above SEM images shows some rods 
with fine voids over them which helps to 
enhance gas  sensing properties.The surface 

morphologies of ZnO and SnO2 materials were 
studied by SEM and the average diameter and 
number of pores per inch of ZnO and SnO2 are 
as under 

 
Table 3.1 Average diameter of pore and number of pores per inch of pure samples and their 
compositions 

Sr. 
No. 

Pure sample and their compositions (mole 
%) 

Average 
diameter of pore 
(nm) 

Number of pores 
per inch 
(in x 2000 
magnification) 

1.  SnO2 780 67 

2.  ZnO 700 56 

From the SEM pictures, it is observed 
that SnO2 have maximum pores per inch 
(calculated for x 2,000 magnification for each 
composition) than ZnO. Thus SnO2 have more 
surface area and exhibit more sensing nature. 

3.2: Sensitivity of sensor: 
The sensitivity of the sensor is given by 

equation (2), 

air gas

air air

R  - R RS  =  = 
R R

   ∆
   
   

            (2) 

                               Where, Rair and Rgas are the 
resistances of sensors in air and gas 
respectively. Maximum sensitivity was 
recorded for multilayer sensor at 70 ppm 
concentration of CO2 

 
              Sample Codes:  
Sr. No. Pure   Codes 
1 SnO2 P1 
2 ZnO P2 
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Fig.(2) Variation of sensitivity with of CO2 gas concentration for SnO2 and ZnO2 

 

Fig(3) (a) Variation of Sensitivity with 
temperature for SnO2 (b) Variation of 
Sensitivity with temperature for ZnO. 
              It was observed that, in a typical 
case,the sensitivity increases gradually with 

temperature and becomes less gradual at higher 
temperature values. From linear dependency, it 
deviates to a maximum value and beyond this 
point the sensitivity falls rapidly, such behavior 
is being exhibited by almost all the metal oxide-
based gas sensor 
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3.5 Stability of sensor: 
Rate of change of resistance of the sensor with 
respect to time defines the stability of the 
sensor. A sensor should be more stable for its 
better response. It is observed that resistance of 
SnO2 sensor does not change drastically as that 
in case of ZnO samples.  
 
4. Conclusions: 
From SEM characterization it is concluded that 
the crystallite size of SnO2 is smaller,more 
porus and hence has greater surface area and 
therefore shows greater response to CO2  gas. 
Screen printing technique is the easiest  for the 
preparation of sensor. SnO2 sensor shows good 
stability than ZnO samples and dynamic 
response of SnO2 is also fast. In present work 
we prepared a thick film of metal oxides SnO2 
and ZnO by using screen printing technique and 
analysed  by SEM . 
 
References: 
[1] S.P.Yawale, S.S.Yawale, 

G.T.Lamdhade, Sensors and Actuators 
A, 135, 388–393(2007). (5) 

[2] N. Pinna and M. Niederberger, 
Angewandte Chemie International 
Edition, 47(29), 5292–5304 (2008). 

[3] Schultze, J.W.; Karabulut, H. 
Application potential of conducting 
polymers. Electrochimica Acta, 50, 
1739 (2005),Journal of Chemical 
Devices,Vol.10,2011,pp 433-437 

[4] S. A.waghuley,Journal of electron 
devices,vol.10.2011.pp 433-437 

[5] Asmus, T.; Wolf, G. K. Modification 
and structuring of conducting polymer 
films on insulating substrates by ion 
beam treatment. Nucl. Instr. and Meth. 
in Phy. Res. B. 166, 732 (2000). 

[6] Mastragostino, M.; Arbizzani, C.; Soavi, 
F. Conducting polymers as electrode 
materials in super capacitors. Solid State 
Ionics, 148, 493 (2002). 

[7] Dhawan, S.K.; Singh, N.; Rodrigues, D. 
Electromagnetic shielding behaviour of 
conducting polyaniline composites. 
Science and Technology of Advanced 
Materials, 4, 105 (2003). 

[8] Koul, S.; Chandra, R.; Dhawan, S.K. 
Conducting polyaniline composite: a 
reusable sensor material for aqueous 
ammonia. Sensors and Actuators B: 
Chemical, 75, 151(2001). 

[9] Jain, S.; Chakane, S.; Samui, A.B.; 
Krishnamurthy, V.N.; Bhoraskar, S.V. 
Humidity sensing with weak acid-doped 
polyaniline and its composites. Sensors 
and Actuators B: 96, 124(2003). 

[10] Joon-Boo, Yu.; Hyung-Gi, B.; Myung-
Suk, So.; Jeung-Soo, H. Analysis of 
diabetic patient's breath with conducting 
polymer sensor array. Sensors and 
Actuators B: 108, 305 (2005). 

 
 
 
 

 
 
 
 

 
 

http://www.jeldev.org/10WAGHULEY.pdf#page=5
http://www.jeldev.org/10WAGHULEY.pdf#page=5

