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Abstract - There is a lot of interest in composites because their chemical and physical
characteristics may be altered. Zinc acetate was used first; aluminum nitrate and sodium
hydroxide were added later. X-ray powder diffraction (XRD) pattern of artificial Al,O3
showed that it had a hexagonal shape. SnO: -Al2O3 composites have garnered much
interest due to their possible use in dye-sensitized solar cells and sensors. Composites of
zinc oxide and aluminum oxide were synthesized using hydrothermal synthesis. The
thermal characteristics of the nanopowder were determined using thermogravimetric
analysis (TGA), and the optical and dielectric properties of the composite were determined
using UV-V spectroscopy and dielectric analysis.
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Introduction
As amember of the II-VI oxide family, tin oxide (SnO3) is a semiconductor with a wurtzite
structure and a hexagonal crystalline arrangement of its atoms. Due to its large band gap
(Eg=3.37 eV) and high exciton binding energy, it may be used as a replacement for GaN
in short-wavelength optoelectronic devices [1] (60 MeV). ZnO has been the subject of
many studies because of its potential applications in various fields [2].

Ingestion of listeria monocytogenes (LMs) may result in serious illness or death [1-6]. This
applies to the young, the old, and those with compromised immune systems. To keep track
of LM infections without spending a tonne of money or effort on laborious and inefficient
procedures such as detecting 3-hydroxy-2-butanone (3H-2B) markers (abundance: 20-
30%) [7-9], gas detection equipment has become more popular.

Tin oxide (SnO») has been studied extensively to detect a select few target gases [12—14],
but its potential for detecting the 3H-2B biomarker is little understood. There are a lot of
factors, such as stability and selectivity, that contribute to a biomarker's credibility.
Suppose you want to separate the 3H-2B biomarker from its reactive products and
interfering gas. In that case, you'll require a sensing material with remarkable selectivity,
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stability, ppb-level detection limit, and low operating temperature [15]. SnO> -Al>O3 core-
shell nanorods [13] created as gas sensors may enhance selectivity and sensitivity by
shielding the inner detecting materials from humidity and external chemicals. Tin oxide-
based 3H-2B biomarker sensors with a discontinuous AI203 shell to shield them from the
elements may have increased stability and sensitivity.

It is possible to create nanoparticles using various techniques, including hydrothermal, sol-
gel, solvothermal, electrodeposition, and chemical vapor deposition. Hydrothermal is one
of the easiest and cheapest techniques [16]. This study details the hydrothermal synthesis
of SnO; -Al>Os crystalline composites. We also detail how the reaction temperature and
duration may affect the final SnO» -Al,O3 composite's performance metrics.

2. Experimental

Zinc acetate and aluminum nitrate were often blended in the right amounts with double-
distilled water and agitated until the solutions became translucent, although this is not
always the case. They were then swirled for 30 minutes to ensure proper mixing. Afterward
[17], The solution was heated in an autoclave coated with Teflon for 2 hours at 180 degrees
Celsius to 230 degrees Celsius (with a ramping temperature of 1 hour). Once the 15 hours
at 80 degrees the temperature in the oven reached 100 degrees Celsius, the precipitates
were washed many times in a mixture of double-distilled water and 100% ethanol to
remove any remaining contaminants.

Field emission scanning electron microscope (FESEM), ultraviolet-visible spectrometry,
and X-ray diffraction were used to characterize SnO> -Al,O3 composites synthesized
hydrothermally. (UV), and X-ray diffraction (XRD),). X-ray diffraction radiation
=1.5406A°was used to determine the crystal structure [18]. SEM images were used to
determine surface morphology (JEOL, JSM- 67001). Obtaining 200-1200 nm absorption
spectra, a CARY 5E UV-VIS-NIR SPECTROPHOTOMETER was employed.

2.1 Synthesis of SnO2@AI203 NCBs

Figure 1 depicts the steps involved in creating SnO2@A1,0O3 NCBs (a). The AAO forms were
made the same way as in the published works. To be more specific, a graphite plate acts as the
counter electrode, and a thin Au layer is sprayed onto each side of the AAO template to cover
the pores completely. Before depositing Sn NWs, we blocked the nanopores in the base of the
AAO template by depositing short-segmented Cu NWs in an electrolyte of 0.2 M CuSO4 (pH
=4). Then, an electrolyte of 0.2 M SnSO4 and 0.1M H3BO; was subjected to a voltage constant
of 1.5-2 V [19] for 120 minutes at room temperature (boric acid). Buffering with a diluted
H>SO4 solution brought the electrolyte to a neutral pH of 3.4. Table 1 displays the percentages
of SnO>@AIL0s3 utilized in this paper.

Table 1 composition of SnO:2 -Al2O3 in nanocomposite
S. No. SnO: (%) ALO3(%)

1. 100 5
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2. 100 10
3. 100 20
4. 100 0

2.2 Gas sensing Measurements
Our past research served as a blueprint for constructing sensor prototypes. A static testing
facility was used to examine the gas detection capabilities of the device. S = Ra/Rg, where Ra
and Rg determine the survivability of surrounding air and target gas, expresses the sensor's gas
sensitivity. How long it takes for the sensor's resistance to return to 90% of its original value
after an adsorption or desorption event is known as the reaction time or recovery time,
respectively.

2.3. SnO:@AIL2O3 nanocomposites Synthesis

Synthesis of SnO,/C composites used a method that deviates somewhat from pure carbon
due to incorporating 0.04 g of aluminum oxide Al,O3 NCs. The steps required to produce
SnO>@AI1>03 NCs are as follows: The samples were obtained after 5 hours of continuous
grinding. For 15 hours, powdered SnO> NPs (as-prepared) were mechanically processed
in a high-energy ball mill alongside aluminum oxide nanocrystals, Al,O3 NCs (0.04 g).
After determining the alumina percentage, 0.074 grams of graphite nanosheets were added
to the mixture.

3. Results and discussion

Hydrothermally produced products (180°C-230°C) were subjected to an XRD pattern
analysis (Figure 1). In X-ray powder diffraction analysis, the product displays peaks
consistent with a hexagonal structure and a lattice constant of a= 3.239 and c= 5.176. Tile
no. 89-7162 in the JCPDS According to Scherer's formula applied to X-ray diffraction

data, the typical grain size is 32.9 nm.
E=43854
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Figure 1: XRD analysis of SnO2-Al2O3 composites
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UV analysis of SnO2 -Al,O3 composites annealed at 80 °C for 15 hours is shown in Figure
2. At 371.87 nm, we find the absorption peak. The resultant band gap energy was
determined to be 3.347¢eV.
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Figure 3: Thermal Analysis of the SnO:2 -Al:O3 composite

The results of a thermal analysis performed on composites with zinc oxide and
aluminum oxide are shown in Figure 3. Aluminum and zinc oxide nanoparticles were
heated from ambient temperature to 900 degrees Celsius in a stream of Nitrogen.
According to the TGA curve, the precursor loses 4.88 percent of its mass between 30
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and 200 degrees Celsius and another 8.681 percent at 850 degrees Celsius. There was
an initial drop in mass due to the loss of interlayer and water content via evaporation.
Around 330 degrees Celsius, nucleation and combustion of organic molecules reach a
climax. The graph shows that at higher temperatures, mass loss occurs more quickly.
The surface morphology of SnO2 -AlO3 composite sample particles has been studied
using a field emission scanning electron microscope. Figure 4 shows FESEM and
EDAX pictures of a sample of SnO -Al>O3. Higher resolution FESEM imaging of the
mixed sample revealed rod-like structures of around 200 nm in length and 40 nm in
breadth and tiny particle-like structures of approximately 30 nm in size.

Figure 4: FE-SEM images of as-synthesized SnO:2 -Al2O3 nanoparticles

Figure 5 displays the dielectric constant curve vs. the application frequency. The dielectric
constant is found to be highest in the low-frequency zone and to decrease with increasing
frequency. Space charge, orientation, electronic, and ionic polarization may contribute to
the large value of (r) at low frequencies. At the same time, their relative insignificance
may account for the smaller values at higher frequencies. This was seen in composite
samples of SnO: -Al>Os.

5. Conclusion
Aluminum oxide (alumina) is the material of choice for many applications due to its
outstanding dielectric characteristics and thermal properties, while tin oxide (SnO3)
is a well-studied broad-band semiconductor. SnO> -Al,O3; combination has become
one of the most promising transparent conductive oxides in recent years. The band
gap was computed using exictonic peaks of the UV absorption curve and agreed with
a direct band gap of corresponding substances.

SnO> nucleation has been seen to occur at 338.1°C, a metastable state has been
formed in aluminum oxide, and a proportion of sample weight has been lost due to
heating. Characteristics of the sample's surface were obtained using FESEM. The
relevance of the samples' dielectric qualities may be better grasped after conducting
dielectric research.
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