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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
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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 [1216]. 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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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.

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

Table 1: Chemicals and materials with sources and grades.
Chemicals

Acronym

Grade

Tin Dioxide

SnO2

AR

SD Fine, India

Zinc Oxide
Aluminum
Oxide
Methanol

ZnO

AR

SD Fine, India

Al2O3

GR

LOBA Chemi, India

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

Source

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
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Sr. No.

Sample codes

1
2
3
4
5
6
7
8
9

B1
B2
B3
B4
B5
B6
B7
B8
B9

Composition of
SnO2 (mole %)
100
80
70
60
50
40
30
20
00
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Composition of
ZnO (mole %)
0
20
30
40
50
60
70
80
100
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Out of various methods of sensors preparation,
the screen-printing
printing (thick film technology) is
most widely used [20]. Screen--printing is the
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 cm2
was used after that we prepared thick film by
using screen printing method.
The screen-printing
printing of paste of active powder
mixture was done in different
erent steps.
steps The screen
of nylon (240 mesh count/cm) was selected for
screen-printing [21-27]. After that, these dried
samples were further heated at 150°C for 1h
with a heating and cooling rate of 20°C/min to
remove binder.

ISSN 2319-4979

3. Result and Discussion
3.1. Sensing properties SnO2: ZnO
Composites
Since, carbon dioxide gas is a oxidizing gas.
Hence its resistance increases with increase of
carbon dioxide gas concentration up to certain
ppm level and after that sensor shows
saturation state. The sensitivity of the sensor is
given by
 Rgas  Rair   R 
  

S  
 Rair
  Rair 
The variation of sensitivity of sensors of pure
and SnO2:ZnO composite materials with
concentration of CO2 gas at room temperature
is shown in Figure.1
Pure SnO2
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2

40SnO2:60ZnO

Sensitivity
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Figure1: Variation of sensitivity of pure SnO2, pure ZnO and SnO2: ZnO
ZnOcomposites with CO2
gas concentration (ppm) at room temperature (300K)
Above Figure 1 shows that the sensitivity
sensi
increases linearly upto 700
00 ppm and beyond
that it shows saturation.
tion. Sensitivity of 80SnO
80Sn 2:
20ZnO composite has found
ound maximum value
i.e. 2.30 at 800 ppm as compare to other
composites.
It is also observed that with decreasing
decreasin
concentration of doping of ZnO in SnO2: ZnO
composites, the sensitivity increases and
becomes maximum for 80SnO2: 20ZnO
composite. For pure SnO2and ZnO sensitivity
is less as comparee to 80 and 20 composition. It
is due to the high porosity of 80SnO2: 20ZnO
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composite as compared to other and pure SnO2
and ZnO.. Thus active surface area may
available due to high porosity.
3.2. Static response
Static responses of SnO
O2:ZnO series for 300
ppm, 500 ppm and 700 ppm are shown in
Figure. 2. Under static condition, it is observe
observed
that response is fast for 80Sn
80SnO2:20ZnO It is
also observed that recovery time for all sensors
is very
ry slow than the response time for CO2 gas
concentration at room temperature (303 K).
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Step Response of SnO2-ZnO series
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Figure Step response of SnO2: ZnO series
Figure2From above Figure, it is observed that
80SnO2:20ZnO sensor shows fast response and
recovery as compared to other sensors.
3.3. Stability of Sensor

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

Sensor stability is expressed in terms of
measurement of resistance with time and
Table 3: Change in resistance of sensors
sensors in air with respective time
Time (hour)

Sensor resistance in air
(M)
80SnO2-20ZnO

Time (hour)

Sensor resistance in air
(M
)
80SnO2-20ZnO
20ZnO

0

250.90

34

250.90

5

250.90

40

250.90

10

250.90

45

250.90

17

250.90

49

250.90

21

250.90

53

250.90

25

250.90

55

250.90

30

250.90

60

250.90

From the table 3, it is observed that all the
sensors are stable for long-time
time use.
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3.4. SEM Analysis
The surface
urface morphology of optimized sample,
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.
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