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ABSTRACT 

In current time, gas sensing mechanism of metal oxide are very well explained and significant in view of environment 
safety. While studying this, we decided to improve gas sensing properties of mixed metal oxide and noted substantial 
increase in gas sensing properties in this paper.  The gas sensitivity of SnO2:ZnO composites observed at different 
proportion. The metal oxide used for the designing of gas sensor were first calcinated at 7000Cfor 7 to 8 hr. 
Composites of SnO2:ZnO were developed  by screen printing technique. The surface morphologies of optimized 
composites of SnO2:ZnO were analyzed by SEM. Static  responses and stability of sensor also studied. From SEM 
analysis, it is confirmed that, average particle size of 80SnO2: 20ZnO composite in SnO2: ZnO system is small, it shows 
higher sensitivity than the other compositions of SnO2 and ZnO. And we also observed that optimized sample shows 
good stability. 
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1. Introduction 

There are different types of sensors, depending 
upon the task to be performed. Among the 
sensors, the chemical sensor is the good one 
and is preferred due to its high performance 
[1]. The chemical sensor has made great 
advances and has taken root in human life and 
industry as a feature of modern technology and 
also remarkable progress is expected in the 
future [2-5]. 
In the last decade, there has been an increasing 
interest in the electronic world for those 
aspects related to semiconducting gas sensor 
materials. In view of the increasingly strict 
legal limits for pollutant gas emissions, there is 
a great interest in developing high performance 
gas sensors for applications such as controlling 
air pollution and exhaust gases. Therefore, we 
can say, semiconductor gas sensors offer good 
advantages with respect to other gas sensor 
devices, due to their simple implementation, 
low cost, good reliability for real-time control 
systems and easy make [6-8]. The gas sensor 
systems, sometimes called electronic noses, are 
the devices that are able to capture and process 
signals generated by specific and reproducible 
interaction processes with gas molecules, in 
one or more built-in sensitive layers. 
While spectroscopic and optic systems are very 
costly 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 [9-11].  
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 
paper was centered in studying the 
semiconductor properties, in those material 
using SnO2 and ZnO as sensing materials. 
The sensing properties of metal oxide and 
mixed metal oxide-based material depend upon 
its chemical, physical characteristics and 
proportion of mixing of two metal oxides, 
which are strongly hooked in to the preparation 
conditions, dopant and grain size. This 
recommends that the preparation of the sensing 
material is a one of important step within the 
preparation of high-performance mixed Metal 
oxide semiconductor (MOS) gas sensors. 
SnO2and ZnO powders and films are often 
prepared by a spread of synthesis methods [12-
16].  DC-electrical resistance of the films SnO2 
doped with ZnO and SnO2: ZnO sensor was 
measured in presence of CO2 gas, 80SnO2: 
20ZnO sensors are found to be good sensing 
materials for CO2gas.The present investigation 
mainly deals with the preparation of CO2 gas 
sensor in composite pattern with SnO2 doped 
with ZnO. it had been found that 80SnO2: 
20ZnO system shows more sensitivity for CO2 
gas concentration even at room temperature. 
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2. Experimental Work 

2.1. Materials: SnO2, ZnO and Al2O3 powders 
(AR grade). 

2.2. Synthesis and Sensor preparation 

In the present paper, are SnO2and ZnO the 
materials selected in the preparation of gas 

sensors.Al2O3 provides high thermal 
conductivity, low electrical conductivity, 
mechanical support and electrical insulation 
[17], therefore it is selected as a base material. 
The list of chemicals and materials along with 
the sources and grades used for the preparation 
of sensors are given in the table 1. 

 
 

Table 1: Chemicals and materials with sources and grades. 

Chemicals Acronym Grade Source 

Tin Dioxide SnO2 AR SD Fine, India 

Zinc Oxide ZnO AR SD Fine, India 

Aluminum 
Oxide 

Al2O3 GR LOBA Chemi, India  

Methanol CH3OH AR SD Fine, India 

Acetone CH3COCH3 AR SD Fine, India 

Ethyl Cellulose [C6H7O2 (OC2H5)3] n. AR SD Fine, India 

Butyl Carbitol C8H18O3 AR Merck, India 

 

2.3. Synthesis and Sensor preparation 

Calcination, the initial heat treatment, the 
precursor (hydrated metal oxides) undergoes 
provides thermal energy, which enables the 
growth of metal oxide particles. An increase in 
calcination temperature increases 
monotonously the mean grain size. [18]. 
In addition, the full width half maximum of the 
grain size distribution also increases 
monotonously with calcination temperature. A 
longer calcination time results in larger grains 
and a broader grain size distribution. Grinding 
results in a reduction of grain size too. The 
smallest grains are obtained by grinding before 
and after the calcination [19]. 
The powders of SnO2, ZnO and Al2O3 were 
calcinated at 7000C to 8200C in an 
automatically temperature-controlled muffle 

furnace for 7 to 8 hrs. The powders of these 
samples were crushed in pestle before after the 
calcination to get the homogeneity in the 
powders. 
The powders of mass percentage were mixed in 
the ratios of 100:00, 80:20, 70:30, 60:40, 
50:50, 40:60, 30:70, 20:80, and 00:100 in 
acetone to form the homogeneous mixture of 
both. After mixing, the mixtures were kept for 
heating at 8200C in a furnace for 30 to 40 
minutes. In this way, the powders of pure 
material and composite of SnO2 and ZnO were 
prepared for active sensing layer of Gas 
Sensors. 

2.4. Fabrication of sensors 

Series of the samples prepared were SnO2: 
ZnO. The different combinations are shown in 
table2. 

 
Table 2: Samples codes and mole percent for series SnO2: ZnO 

Sr. No. Sample codes 
Composition of  
SnO2 (mole %) 

Composition of  
ZnO (mole %) 

1 B1 100 0 
2 B2 80 20 
3 B3 70 30 
4 B4 60 40 
5 B5 50 50 
6 B6 40 60 
7 B7 30 70 
8 B8 20 80 
9 B9 00 100 
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Out of various methods of sensors preparation, 
the screen-printing (thick film technology) is 
most widely used [20]. Screen-
transfer of pastes though a fabric screen onto a 
substrate. 
First, we prepare paste of mixed metal oxide 
and the glass substrate of size 7.5 x 2.5 cm
was used after that we prepared thick film by 
using screen printing method. 
The screen-printing of paste of active powder 
mixture was done in different steps
of nylon (240 mesh count/cm) was 
screen-printing [21-27].  After that,
samples were further heated at 150°C for 1h 
with a heating and cooling rate of 20°C/min to 
remove binder.  

 

 
Figure1: Variation of sensitivity of 

gas concentration (ppm) at room 

Above Figure 1 shows that the sensi
increases linearly upto 700 ppm and beyond 
that it shows saturation. Sensitivity of 80Sn
20ZnO composite has found maximum value 
i.e. 2.30 at 800 ppm as compare to other 
composites.  
It is also observed that with decreasin
concentration of doping of ZnO 
composites, the sensitivity increases and 
becomes maximum for 80SnO
composite. For pure SnO2and ZnO
is less as compare to 80 and 20 composition.  It 
is due to the high porosity of 80SnO
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Out of various methods of sensors preparation, 
printing (thick film technology) is 

-printing is the 
transfer of pastes though a fabric screen onto a 

we prepare paste of mixed metal oxide 
and the glass substrate of size 7.5 x 2.5 cm2 
was used after that we prepared thick film by 

printing of paste of active powder 
erent steps. The screen 

of nylon (240 mesh count/cm) was selected for 
that, these dried 

samples were further heated at 150°C for 1h 
with a heating and cooling rate of 20°C/min to 

3. Result and Discussion
3.1. Sensing properties

Composites

Since, carbon dioxide gas is a
Hence its resistance increases with increase of 
carbon dioxide gas concentration 
ppm level and after that sensor shows 
saturation state. The sensitivity of the sensor is 
given by 
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The variation of sensitivity of sensors of pure 
and SnO2:ZnO composite materials with 
concentration of CO2 gas at room 
is shown in Figure.1 

Variation of sensitivity of pure SnO2, pure ZnO and SnO2: ZnO
gas concentration (ppm) at room temperature (300K)
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and ZnO sensitivity 
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80SnO2: 20ZnO 

composite as compared to other and
and ZnO.  Thus active surface area may 
available due to high porosity.

3.2. Static response

Static responses of SnO
ppm, 500 ppm and 700 
Figure. 2. Under static condition, it is observe
that response is fast for 80Sn
also observed that recovery time for all sensors 
is very slow than the response time for 
concentration at room temperature (303 K).
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Result and Discussion 
Sensing properties SnO2: ZnO 

Composites 

Since, carbon dioxide gas is a oxidizing gas. 
resistance increases with increase of 

carbon dioxide gas concentration up to certain 
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Figure

From above Figure, it is observed that 
80SnO2:20ZnO sensor shows fast response and 
recovery as compared to other sensors.

3.3. Stability of Sensor

Sensor stability is expressed in terms of 
measurement of resistance with time and 
 

Table 3: Change in resistance of sens

Time (hour) Sensor resistance in air 

80SnO

0 

5 

10 

17 

21 

25 

30 

From the table 3, it is observed that all the 
sensors are stable for long-time use.

 

 

 

 

0

0.5

1

1.5

2

2.5

0

Se
n

si
ti

vi
ty

Step Response of SnO

300PPM

Vidyabharati International Interdisciplinary Research Journal 12(2)                               

 

                                                                    157                                                        

Figure2- Step response of SnO2: ZnO series 
 

it is observed that 
sensor shows fast response and 

recovery as compared to other sensors. 

Sensor 

Sensor stability is expressed in terms of 
measurement of resistance with time and 

shown in table 3. It is defined as the change in 
resistance of sensor with time
The resistance values of optimize sensors, 
measured with time at room temperat
listed in the table 3 for time 60 h.

Table 3: Change in resistance of sensors in air with respective time

Sensor resistance in air 
(M) 

Time (hour) Sensor resistance in air 
(M

80SnO2-20ZnO 80SnO2-20ZnO

250.90 34 250.90

250.90 40 250.90

250.90 45 250.90

250.90 49 250.90

250.90 53 250.90

250.90 55 250.90

250.90 60 250.90

 
From the table 3, it is observed that all the 

time use. 
3.4. SEM Analysis

The surface morphology of 
80SnO2:20ZnO material was studied by SEM 
and its picture is shown in the following 
Figure.
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Figure 3: SEM pictures of 80SnO2:20ZnO at different magnifications 

 
The surface morphologies of 80SnO2:20ZnO 
studied and the average diameter and number 
of pores per inch composites are 210 &147 
respectively. And number of pores per inch for 
pure and other composites is less. It is also 
found that average diameter of pore in case of 
80SnO2:20ZnO composition is small as 
compared to other compositions. This also 
tends to exhibit large surface area and high 
response of the sample.  

4. Conclusion 

If the grains are smaller than surface area will 
be larger and resistance measurement shows 
that resistance in air increases with decreasing 
size. The sensitivity towards test gases 
increases due to increase in surface area. Thus 
the calcination of metal oxide powder before 
paste preparation of film can determine the 
sensitivity of the active sensing layer. Variation 
of the crystallite size plays vital role in sensing 
mechanism. In order to correlate morphological 

properties of the sensors, the sensor response to 
atmosphere gases is based on the 
semiconductor resistance changes and the 
resistance depends on the density variation of 
conduction electrons during the gas adsorption, 
which occurs on the surface of every grain. 
Due to the small average particle size of 
80SnO2: 20ZnO composite in SnO2: ZnO 
system, it shows higher sensitivity than the 
other compositions of SnO2 and ZnO. And we 
also observed that optimized sample shows 
good stability. 

5. Acknowledgement 

Author of this research paper  expressed 
sincere thanks to Professor and Head, 
Department of Physics, Govt. Vidarbha 
Institute of Science and Humanities,Amravati, 
India,for constant support to carried out this 
research work and also thanks to Department 
of Physics, RTM Nagpur University Nagpur 
for SEM analysis. 

 
References 

1. Jacob Fraden, (1997).Handbook of Modern 
Sensors: Physics, designs and applications, 
AIP press, second Ed.  

2. Barsan, N., Koziej, D., & Weimar, U. 
(2007). Metal oxide-based gas sensor 
research: How to?. Sensors and Actuators 
B: Chemical, 121(1), 18-35. 

3. Mitra, P., & Mukhopadhyay, A. K. (2007). 
ZnO thin film as methane sensor. Bulletin 
of the Polish Academy of Sciences: 
Technical Sciences, 281-285. 

4. W.Gopel, J.Hesse, and J.N.Zemel, 
(1989).Fundamentals and general aspects, 
Sensor: A comprehensive survey,Vol-1, 
VCH 

5. W. Gopel, J. Hesse and J.N. 
Zemel,(1990).Thermal sensors, SensorA 
comprehensive survey, Vol-4, VCH. 

6. W. Gopel, J. Hesse, and J. N. Zemel, 
(1991).Chemical and Biochemical Sensors, 
Sensor: A comprehensive survey, Part I, 
Vol-2 VCH. 

7. W. Gopel, J. Hesse, and J. N. Zemel, 
(1992).Chemical and Biochemical 
Sensors,Sensor: A comprehensive survey, 
Part II, Vol-3,VCH. 

8. Stetter, J. R. (2009). Introduction: 
Experimental Methods in Chemical Sensor 
and Sensor Array Evaluation and 
Development. In Computational Methods 



Vidyabharati International Interdisciplinary Research Journal 12(2)                                ISSN 2319-4979 

 

June 2021                                                                    159                                                        www.viirj.org 

for Sensor Material Selection (pp. 3-46). 
Springer, New York, 

9. Meixner, H., Gerblinger, J., Lampe, U., & 
Fleischer, M. (1995). Thin-film gas sensors 
based on semiconducting metal 
oxides. Sensors and Actuators B: 
Chemical, 23(2-3), 119-125. 

10. Takeuchi, T. (1988). Oxygen sensors.  
Sensors and Actuators, 14(2), 109-124. 

11. Woestman, J. T., &Logothetis, E. M. 
(1995). Controlling automotive 
emissions. Physics Today, 48(12), 20-23. 

12. Das, M., & Roy, S. (2021). Polypyrrole and 
associated hybrid nanocomposites as 
chemiresistive gas sensors: a 
comprehensive review. Materials Science 
in Semiconductor Processing, 121, 105332. 

13. Waghuley, S. A., Yenorkar, S. M., Yawale, 
S. S., &Yawale, S. P. (2008). Application 
of chemically synthesized conducting 
polymer-polypyrrole as a carbon dioxide 
gas sensor. Sensors and Actuators B: 
Chemical, 128(2), 366-373. 

14. Moseley, P. T. (1997). Solid state gas 
sensors. Measurement Science and 
technology, 8(3), 223. 

15. Yawale, S. P., Yawale, S. S., &Lamdhade, 
G. T. (2007). Tin oxide and zinc oxide 
based doped humidity sensors. Sensors and 
Actuators A: Physical, 135(2), 388-393. 

16. Samoei, V. K., &Jayatissa, A. H. (2020). 
Aluminum doped zinc oxide (AZO)-based 
pressure sensor. Sensors and Actuators A: 
Physical, 303, 111816. 

17. Masoumi, S., Shokrani, M., Aghili, S., & 
Hossein-Babaei, F. (2019). Zinc oxide-
based direct thermoelectric gas sensor for 
the detection of volatile organic compounds 
in air. Sensors and Actuators B: 
Chemical, 294, 245-252. 

18. Kushwaha, C. S., Singh, P., Abbas, N. S., 
& Shukla, S. K. (2020). Self-activating zinc 
oxide encapsulated polyaniline-grafted 
chitosan composite for potentiometric urea 
sensor. Journal of Materials Science: 

Materials in Electronics, 31(14), 11887-
11896. 

19. Petrov, V. V., Varzarev, Y. N., Bayan, E. 
M., Storozhenko, V. Y., &Rozhko, A. A. 
(2019, October). Study of the 
electrophysical properties of thin films of 
mixed zinc and tin oxides. In 2019 IEEE 
International Conference on Electrical 
Engineering and Photonics 
(EExPolytech) (pp. 242-243). IEEE. 

20. Prudenziati, M., Morten, B., & De Cicco, 
G. (1995). Thick Film Gas 
Sensors. Proceedings of the First European 
School on Sensors (ESS'94). Sensors for 
Domestic Applications, 24-36. 

21. Moseley, P. T., & Crocker, J. 
(2020). Sensor materials. CRC Press. 

22. Sharma, B., Sharma, A., Joshi, M., & 
Myung, J. H. (2020). Sputtered SnO2/ZnO 
heterostructures for improved NO2 gas 
sensing properties. Chemosensors, 8(3), 67. 

23. de Lacy Costello, B. P. J., Ewen, R. J., 
Guernion, N., & Ratcliffe, N. M. (2002). 
Highly sensitive mixed oxide sensors for 
the detection of ethanol. Sensors and 
Actuators B: Chemical, 87(1), 207-210. 

24. Tan, O. K., Zhu, W., Yan, Q., & Kong, L. 
B. (2000). Size effect and gas sensing 
characteristics of nanocrystalline xSnO2-
(1− x) α-Fe2O3 ethanol sensors. Sensors 
and Actuators B: Chemical, 65(1-3), 361-
365. 

25. Noh, W., Shin, Y., Kim, J., Lee, W., Hong, 
K., Akbar, S. A., & Park, J. (2002). Effects 
of NiO addition in WO3-based gas sensors 
prepared by thick film process. Solid State 
Ionics, 152, 827-832. 

26. Guidi, V., Butturi, M. A., Carotta, M. C., 
Cavicchi, B., Ferroni, M., Malagu, C., ... & 
Zen, M. (2002). Gas sensing through thick 
film technology. Sensors and Actuators B: 
Chemical, 84(1), 72-77. 

27. Osterman, J., &Nordling, C. (1987). 
Physics Handbook. 

 


