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ABSTRACT

Ammonia gas detection is an important issue for a lot of applications. leak detection in industry, agriculture, cooling
systems, and medical diagnosis (breath biomarker for non-invasive diagnostic of renal disease). For this, sensor had
been prepared with the thick film on cleaned glass platewith Al,O3 as highly porous substrate. SnO,/TiO, composite
layers were grown on the substrate with the help of screen printing technique to form uniform layers. PPy layer was
deposited on this SnO,/TiO, composite layer. The sensor was tested for with and without PPy layer to sense NH; gas.
Five sensors S1, S2, S3, S4 and S5 were fabricated for different SnO,/TiO, composites. It was found that S5 sensor was
best among the prepared sensors to sense ammonia gas at room temperature. The maximum reported value of
sensitivity of S5 sensor is 0.93 at 140 mm and remains constant for higher ammonia concentration (upto 200 ppm).

Keywords: SnO,-TiO, composites thick layer, PPy, Al,O;, Screen Printing Technique, sensitivity

1. Introduction

In today’s world, nanostructure metal oxides
have attracted a lot of applications in sensors
due to their technological attentions and
outstanding properties. Nanomaterials
properties such asmagnetic, optical, catalytic
and electronic depend strongly on size,
structure and shape of nanoparticles. Another
reason for attraction of scientists’ attention
towards nano size particles is that they behave
differently from bulk materials. Decreasing
particle size,led to change the band structure of
the semiconductors.

High conductivities exhibited by SnOsas it is
an abundant, low cost, natively n-type andas it
is wide band gap oxide.SnO, becomes the best
and popular functional material because of
good electrical and optical properties as well as
large band gap energy [1-5]. SnO, based
composite coaxial nanocables with multiwalled
carbon nanotube and PPy via a simple one pot
chemical route was successfully synthesized by
Shao et al. [6]

Ammonia is most important compound for
detection as it is volatile in human breath and
it’s a biomarker for asthma andrenal

diseaseearly detection. About 0.17 to 1.8 ppm
ammonia is exhaled by a normal healthy
person while patients with extreme renal
disorders or ulcers exhale above 0.8 ppm to 14
ppm [7-8].NH; sensors based on conducting
polymers have shown better sensing responses
among various sensors based on different
materials [9-10]. Conducting polymer-based
sensors can work at room temperature unlike
the metal-oxide-based sensors which require
high operating temperature to activate the
absorption and desorption of NH; for its
detection. Low operating temperature leads to
an increase in sensor life time and a decrease in
power consumption. It also makes sensor
operation prominent [11, 12]. Conducting
polymers have excellent notable features, such
as low energy optical transitions,controllable
electrical ~ conductivity, low  ionization
potential, and high electron affinity, due to
which they are suitable candidates for sensing
applications [13, 14].

In the present work, the sensors S1, S2, S3, S4
and S5were fabricated for different SnO,/TiO;
composites by using screen printing technique
[15-17]. The prepared sensors are exposed to
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NH; gas to check the response at lower
concentration of ammonia at room temperature
(300 K). The porosity of the materials was
checked by SEM and response and recovery
times were determined.

2. Experimental
2.1. Synthesis of SnO, Nanoparticles

GR grade chemicals of Sd-fine, India had been
used for the study having purity 99.99%. SnO,
had been prepared by taking 2g (0.1 M) of
stannous chloride dehydrate (SnCl,.2H,0)
which was dissolved in 100 ml H,O. With
magnetic stirring, after complete dissolution, 4
ml ammonia solution was added to thisaqueous
solution. Solution was stirred for about 30
minutes to get white gel precipitate.

Precipitate was leftto settle for 9 to 10h. The
thick precipitate was then filtered and cleaned
with distilledwater 3-4 times by using de-
ionizedwater.  The  washedand cleaned
precipitate wascombined with 0.27g carbon
black powder (charcoal activated). The mixer
was kept in vacuum oven at 85°C for about 1
day to obtain the mixer in powder form. The
dried sample then grinded to obtain fine
power.Thisfine product of nanopowder of
SnO,wascalcinated at 700°C upto7 h in the
auto-controlledmuffle furnace (Gayatri
Scientific, Mumbai, India.) to eliminate the
impurities from product completely.

2.2. Synthesis of TiO, Nanoparticles

In the synthesis of TiO, particles, Titanium tetra
iso-propoxide was used as a precursor and was
mixed withHCl,ethanol and deionized water
mixture. It was then stirred for half an hour, in
pH range of 1.5. 10ml of deionized water was
added to the above mixture and further stirred
for 2 hours at room temperature. Finally the
solution was dried at temperature and the
powder was heated at 120°C for 1 hour to get
TiO, nanoparticles [18].

2.3. Synthesis of Polypyrole (PPy)

The Py monomer, anhydrous iron (III) chloride
(FeCl3) and methanol were used for synthesis
of PPy [19]. The solution of 7 ml methanol
and1.892 g FeCl; was first prepared in round
bottom flask. Then 8.4 ml Py monomer was
added to (FeCls+methanol) solution with
constant stirring in dark. The amount of Py

monomer added to the solution (1/2.33 times of
FeCl;) was in such a way to get maximum
yield. The resulting black precipitates were
filtered and washed with copious amount of
distilled water until the washings are clear. PPy
so obtained was dried by keeping in oven at
600°C for 3 h.

2.4. Preparations of thick films

Thick films of sensors were fabricated by
screen printing technique. The thixotropic
pastewas formulated by mixing the sintered
fine powder of pure and composite nano-
powder of SnOjand TiO, in different weight
percentage with a solution of ethyl cellulose (as
10% temporary binder) in a mixture of organic
solvent such as butyl cellulose, butyl carbitol
acetate and turpineol. In the formulation of the
chemical paste, the ratio 75:25 of inorganic to
organic parts was maintained. The paste was
then used to prepare thick films of pure and
composite materials of SnO, andTiO,and it
was screen printed out on a cleaned glass
substrate having Al,O; as base, as show in
figures 1 and 2 respectively.

[ » S102:Ti02 layer
| |—> ALO3 layer
[ | = Glass plate
Figure 1.Sensor without PPy layer
|—} PPy layer

» Sn02:Ti02 layer

r—l_l'l—} Al03 laver

= Glass plate
Figure 2.Sensor with PPy layer

Film

Integrated -
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Electmdes-\‘ <
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Figure 3.Voltage drop method

For an hour, the prepared films were dried at
80-100°C in calibrated oven. Due to this all
theorganic materials (in the form of binders)
and organic impurities were evaporated. The
surface resistance measurements were done by
forming electrodes of silver paint on adjacent
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sides of the films. For drying the silver paint, Table 1: The prepared sensors composition
the films were further heated at about 80°C for and sample code
half an hour. The prepared sensors are listed Sr. Nano-Composites | Sample
below in table 1. A[C codes

1. | 95% SnO,+ 5% TiO, S1

2.1 90% SnO,+ 10% TiO, S2

3. | 85% SnO,+ 15% TiO, S3

4. | 80% SnO,+ 20% TiO, S4

5. | Best sensor + ppy layer S5

3. Results and Discussions
3.1. SEM (Scanning Electron Microscope) study

(e) 80% SnO:+ 20% TiO:
Figure 4: SEM of materials
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SEM photos exhibited that, per inch from each
region, number of pores is different. Hence,
average number of pores was taken for
comparative study. From each SEM picture,
porosity was calculated by taking one inch
region in consideration and it was manifested
that sponginess (porosity) of 85% SnO,+ 15%

of PPy. Because of high porosity, the ammonia
gas will be absorbed more and hence it will be
sensed more i.e. sensitivity increases due to
more porosity. Some of the pores are
cylindrical and some are spherical, some are
elongated and some pores have elliptical
shapes. All these pores formed cavity which

TiO, is more than among the prepared helped in the absorption of the gas.
materials. SEM, also exhibited more porosity
Sensitivity:
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Figure 5. Variation of sensitivity of S1, S2, S3, S4 and S5 sensors with N3, gas concentration
(ppm) at room temperature (303 K).
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Sensitivity is defined as the ratio of change in
resistance of the sensor due to presence of gas
to the resistance in air environment and is
given by

_ Change in resistance _ Ry, - Ry

Original resistance R
Where,

Rgqas = Resistance of the sensor in presence of
NH; gas environment and

R.ir = Resistance of the sensor in presence of
air.

From figure 5, for sensor S1, it is manifested
that upto 100 ppm of ammonia gas
concentration,sensitivity is low and beyond
that sensitivity slowly increases and becomes
constant. For sensor S2, with increase in
ammonia gas concentration,  sensitivity
increases and becomes maximum at about 140
ppm gas concentration and with further
increase in concentration, sensitivity decreases.
Its maximum reported value is 0.66. S3 sensor
showed more sensitivity among the sensors at
about 150 ppm and then sensitivity decreases
with further increase in gasconcentration. In
case of S4 sensor, at 40 ppm sensitivity
increases and with further rise in ppm of NHj3
gas, sensitivity increases and becomes
maximum at 140 ppm and then decreases. Its
maximum noted value is 0.61. S5 sensor is the
modified S3 sensor. S5 sensor is constructed
by forming PPy layer over the(85% SnO, +
15% TiO,) layer. Since it was taken into
consideration that, S3 sensor showed more
response and PPy has more porosity, so both

layers would show enhanced response and
hence S5 sensor was fabricated. In case of
sensor S5, it was manifested that as ammonia
gas  concentration  increases,  sensitivity
increases till 110 ppm and from 120 ppm
sensitivity becomes maximum and remains
constant. The maximum reported value
was(.93.

4. Conclusion

SEM pictures exhibited more porosity for PPy
and (85% SnO; + 15% TiO,) and hence more
gas absorptivity. Threshold value of sensitivity
of the S3 sensor was found to be 0.76 at 140
ppm ammonia gas concentration and at 300 K
(room temperature). This more response is due
to the more porosity of (85% SnO; + 15%
TiO,) among the prepared samples. In S5
sensor, as PPy has more porosity and S3 sensor
already showed more porosity. Therefore in S5
sensor, S3 sensor acted as porous base and
PPy acted as active layer. When ammonia gas
molecules interacted with PPy molecules, they
lose their energy and will be absorbed by PPy
molecular whirlpool. Also S3 sensor base
supported it and hence sensitivity increases
more.
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