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Abstract: Spray pyrolysis method was used to construct tin oxide thin films onto glass substrates at 250°C in this
interpretation. After 120 minutes of annealing in air at different temperatures like 300°C, 400°C, and 500°C the
films were examined. Gas sensing properties of prepared films are evaluated at different annealing temperature
at various gas concentrations. Some analytic techniques like X-ray diffraction technique (XRD) and scanning
electron microscopy (SEM) has been used to classify the prepared films. The crystallinity increased as the
annealing temperature was raised, according to the X-ray diffraction results, T}le crystalline size and grain size
calculated from XRD patterns and FESEM images were found to increase as the annealing temperature was

anrcased.

Keywords: Thin film, Spray Pyrolysis, Ammonia gas sensor, Annealing Temperature.
Article History

*Received: 03/05/2021; Accepted: 10/05/2021

Corresponding author: Mangesh B. Deore

[239]

— e G Scanned with OKEN Scanner




Wesleyan Journal of Research, Vol 14 No. 16 (May 2021)

INTRODUCTION:

Since the last few decades, there has been a growing interest in producing low-cost SnO2 thin films. Tin
oxide is now the most widely used metal oxide semiconductor in sensing devices for its ability to identify highly
flammable and toxic gases such as methane, LPG, CNG, Co, CO2, CI2, H2S, and others [1-4]. At room
temperature, it is a tetragonal n-type semiconductor with an energy band gap of about 3.6 eV. It's inexpensive,
nontoxic, and has a high oxidizing strength, high photochemical corrosive resistance, and excellent electrical,
optical, and piezoelectric properties. In recent years, semiconductor metal oxide films have gotten a lot of
attention because of their possible applications [S] LCDs, lithium-ion batteries, and photocatalytic and
photoconductive applications,[6-8] solar cells with a transport conductive device [9,10), gas sensor instruments
with a gas sensing element [11], transport conducting devices with a gas sensing element [12], and so on. Despite
its poor selectivity, SnO2 has been used as a sensing element in the majority of applications due to its hi gh sensing

‘ activity and performance at low operating temperatures [1 3-14).

Thin film-based nerve fibres can be generated using a variety of packaging technologies, including PVD,
CVD, sol-gel, spray pyrolysis, and others [15, 16]. There is a versatile process for obtaining pure SnO2 films
within these spray pyrolysis methods [17]. Because of its flexibility, low cost, and low solid waste, it is especially
appealing. A thin film can be made by spraying, heating, and decomposing a solution of previously salted ion salt
onto a flammable substrate [18].

The current study shows the preparation of tin oxide thin films using a spray pyrolysis technique, as well as
the effects of additional heat on the structure, sub-structure, and material, as well as the effects of applying thin

film SnO2 sensors to the SEnsors.

EXPERIMENTAL:
‘.1 Preparation of solution
Analytical grade chemicals were used in the project. The dihydrate of tin (IT) dichloride (SnCl.2H20) (99.8%,
Aldrich) was liquify in a various of solvents. Water and alcohols appeared to be the most popular solvents.
Alcoholic solvents were chosen because they have lower surface tension and viscosity, leading to the formation

of thin spray droplets as well as successful removal from the deposition chamber during the vapour phase [19].

[240]
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SnCI2.H20 (0.1 M) was liquify in distilled water to the necessary concentration in this study. To make the

solution clearer, a few drops of HCI were applied.

2.2 Substrate Cleaning:

under an infrared light.

2.3 Deposition of thin film:

enough time and temperature for recrystallization. As aresult, well-adherent, whitish-colored, and uniform Sn02
thin films were developed. The following is a representation of the SnO2 formula:
SnCl; + 2H,0 — Sn0, + 2H2 1 +Clx 1

2.4 Characterization
The electrical and structural properties of the materials have a] been investigated. Utilizing CuKq rays
with a wavelength of = 1.5418 A » the crystalline structure of the films obtained at various annealing temperatures

was investigated using an X-ray diffraction unit, The Scherrer equation [23] was used to measure the average size

of grains for tin oxide thin film samples:

) Dt P (1)

RUSULT AND DISCUSSION
3.1 Structural Characteristics
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regard to the temperature Figure 1 shows the XRD spectra of constructive films on glass substrate and fire in
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Fig 1. XRD spectra of film annealed at 400 0C and 500 0C

Annealing Standard Observed Dislocation Crystalline
Temp 26 hkl Intensity Intensity Density Size
(0C)

300 2625 (110 999 1123 0.0087 10.66

400 26.25 | 110 999 1242 0.0074 11.55

3.2 Surface Morphology of films

SEM representations of the surface morphology of tin dioxide thin films with various firing temperatures

shows tetragonal structure. With the exception of a slight increase in particle size, the microstructure of these
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films is very similar, The average particle size determined by SEM fmuge
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Figure 2, SEM photographs at annealing temperature a) 300 0C b) 400 0C and C) 500 0C

(243)

G Scanned with OKEN Scanner



Wesleyan Journal of Research, Vol. 14 No. 16 (May 2021)

GAS SENSING PROPERTIES
4.1 Static gas sensing properties:

As a function of operating temperature and concentration of target gas, the basic gas sensing properties of
tin dioxide thin films were calculated. Various parameters such as sensitivity, selectivity, reaction, and recovery
time were used to classify the films in the current research,

Sensitivity is described as § = Ra/Rg, where Ra is the sample's resistance in air and Rg is the sample's

rises with working temperature, peaks at a certain temperature (operating temperature), and then declines. It has

Selectivity: The selectivity or specificity of a sensor with Tespect to a simplifying gas is calculated in terms of
size, which contrasts the amount of the interfering gas that produces the same sensor signal. The selectivity profile
. of various gases for various gas concentrations js shown in figure 5. Among the tested test gases, ammonia showed

the best response at a concentration of 3 cc at a temperature of 2900C.

Film sample

Gaz inlet

| Tomperatire:
CContraller .

Dimmerstat AC Mains

Figure 3. Block diagram of static £as sensing system.

’ 4.2 Sensitivity of Sn02 films to Ammonia with Operating Temperature

Experiments were carried out at different operating temperatures to see how the Sn02 films sensing
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sensing materials must be annealed at various temperatures to achicve crystallisation and structural development.

A appropriate crystallite size is expected to produce the required electronic properties required for gas sensing

of the annealing temperature. The sensitivity increases from 1500C to 3000C, then decreases as the operating
temperature rises. At annealing temperatures of 3000C, 4000C, and 5000C, it showed maximum sensitivity of

5.02,32.27, and 63.35 to 3 cc of ammonia, respectively.
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Figure 4. Sensitivity vs Operating Temperature

4.3 Difference in sensitivity with Ammonia gas concentration
: Figure 5 depicts the relationship amongst SnO2 sensing behavior and ammonia gas concentration at a
S temperature of 290 0C. The sensitivity goes high at 3 cc ammonia concentration and then decreases linearly. The
linear relation in sensitivity and ammonia concentration at low concentrations may be present in the form of
enough sensing areas on a film to function on ammonia. Low gas concentrations result with less gas molecule
surface coverage, resulting in less surface reactions with surface adsorbed reactive species and gas molecules.

Because of the broad surface coverage, an increase in gas concentration increases the surface reaction. As the

[245]
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surface coverage of Bus molecules reaches saturation, further increnses in (he surfnce renction would be

incremental,

. £

LR \

L1 ¢

thy

40 " -
LR
o

f e ),

e \

14 )

o o \\.

l] e B 00

s Gt & v v v
LS e oo w 10w
Oui concanvationinto

Figure 5, Sensitivity vs Gas concentration in CC
. 4.4 Sclectivity of Sn02 sam ples for Various Gases
The sensor's sensing capabilitics for a number of all other gases have been investigated in addition to
ammonia to determine its selection, The ability of a sensor to respond to a particutar gas with the presence of all
other gases is known as selectivity, The histogram of the sclectivity of SnO2 film samples to various gases is
shown in Figure 5. The susceptibility values to various gases at various annealing temperatures are shown in the
table 2. Ammonia (3cc at 290°C) had the highest selectivity of all the gases measured, including NH3, CO2,

Acetone and ethanol, The selectivity improves as the annealing temperature rises.
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Figure 5. Selectivity graph of SnO2 thin films at different gases
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Annealing | Acetone Ethenol | CO2 [ Ammonia
Temperature
300 °c 17.50 1.42 2.82 5.02
400 °c 22.20 5.47 8.41 32.27
500 °C 15.14 8.32 3.96 63.35

Table 2. Selectivity of SnO2 thin films at various gases

CONCLUSION:

Spray pyrolysis was used to develop SnO2 thin films on glass substrates using SnCI2.2H20 as a precursor,
The impact of annealing temperature on the surface morphology, crystalline status, and gas sensing properties of

the films has been studied. Crystalline size and average grain size increases with increasing annealing

of 3 cc ammonia, the optimum sensitivity was obtained at a temperature of 1000C. The results of the ammonia
sensing studies show that SnO2 films prepared by spray pyrolysis arc a suitable material for ammonia sensor

fabrication.
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