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Abstract—For the photocatalytic degradation of 

Methylene Blue (MB) dye, pure Tin Oxide (SnO2) 

nanoparticles are successfully synthesized from metallic 

Tin (Sn) and Zinc (Zn) powders using a very 

straightforward and quick flame oxidation method. The 

nanoparticles' structural, optical, elemental, and 

chemical properties are then studied. The produced 

SnO2 nanoparticles have pure tetragonal phases, 

according to X-ray diffraction analysis (XRD). Energy 

dispersive X-ray analysis (EDX) was used to analyze 

purity, atomic percentage, and chemical composition. 

The UV-visible spectroscopy study showed that SnO2 

has a band gap value of 3.5 eV. Pure SnO2 

nanoparticles exhibit uneven, agglomerated, 

nanoflowered, and nanoclustered formation, according 

to FESEM research. When exposed to UV light, the 

addition of SnO2 increased the photocatalytic activity. 

SnO2 degrades MB with an efficiency of more than 

80%, demonstrating its effectiveness as a photocatalyst. 

 

Index Terms—Tin oxide, FESEM , flame synthesis, 

Methylene Blue, photocatalyst 

 

I. INTRODUCTION 

 

Every nation's economy depends on the goods and 

products produced by its industries on a daily 

basis[1]. While industrial expansion has numerous 

benefits for society, the environmental industries also 

have certain drawbacks[1]. Due to its existence in the 

ecosystem, industrial effluent mostly reflects its 

effects on human life[2]. The textile industry is the 

one that produces dyes, however most industries 

generally emit effluents while creating goods[1]. One 

of the primary pollutants that endangers the 

ecosystem and all life on Earth is dyes. These dyes 

are more stable due to their complex structure, and it 

is highly challenging to remove or degrade these 

complex compounds from effluents[3]. Recent 

studies have concentrated on using physical, 

chemical, and biological methods to remove 

hazardous organic contaminants from wastewater; 

however, these methods have certain drawbacks[4]. 

The photocatalyst is known to be a successful 

technique for treating wastewater that contains 

organic pollutants[5]. The presence of UV radiation, 

which functions as a stimulant for light-induced 

redox processes, increases the catalytic capabilities of 

the nanoparticles in the photocatalytic degradation 

process[6]. The degradation of organic dyes has 

improved due to the use of nanoparticles as 

photocatalysts; as a result, new methods are needed 

to create a variety of nanomaterials with the 

necessary chemical, physical, and electrical 

characteristics[7]. Among these, metal oxide 

semiconductor nanoparticles with huge band gaps 

have recently been extensively studied because of the 

unexpected changes in their characteristics when they 

are reduced to small sizes due to quantum 

confinement or the quantum size effect[8]. SnO2 is 

one of the most important metal oxide nanoparticles 

with a wide band gap (3.6 eV) among those produced 

for various uses[9]. Applications such as gas sensors, 

LEDs, solar cells, photocatalysts, spintronic devices, 

optoelectronic devices, supercapacitors, and lithium-

ion batteries were investigated for n-type 

semiconductors[7]. Due to its capacity to dope with a 

variety of dopants, including iron, graphene, 

manganese, antimony, iodine, copper, zinc, indium, 

silicon, and fluorine, SnO2, an inorganic compound 
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with a significant exciton binding energy of 130 

meV, was widely chosen[3]. The optical, structural, 

chemical compositional, magnetic, photovoltaic, gas 

sensing, electrical, and electrochemical properties of 

SnO2 were all affected when it was doped with any of 

these dopants[1,2]. Due to the significant oxygen 

deficiency, SnO2's optical, structural, chemical 

compositional, magnetic, photovoltaic, gas sensing, 

electrical, electrochemical, and other properties were 

significantly altered when doped with any of these 

dopants[9].  

Numerous techniques, including hydrothermal, sol-

gel, low temperature solution process, chemical 

precipitation, co-precipitation, electrospinning, 

magneton co-sputtering, laser pyrolysis, gas phase 

technique, and chemical spray pyrolysis, have been 

reported for the synthesis of SnO2 nanostructures[1]. 

However, the majority of these techniques used 

dangerous chemicals, required complex equipment, 

and took longer to react[10]. Flame oxidation or 

flame synthesis is a very important, low-cost, high-

purity, high-quantity, one-step technique that 

produces materials in nanodimension for the 

manufacture of SnO2 nanoparticles[1]. Methylene 

blue (MB) is a common cationic dye used in the 

textile industry, while most textile businesses employ 

azo-based acidic dyes to bond dyes on fabrics[11].  

 

II. MATERIALS AND METHODS 

 

2.1. Synthesis of pure SnO2 and Zn: SnO2 

nanoparticles 

Flame synthesis method's process involves mixing 

the oxygen and acetylene gases equally and sending 

them through the nozzle from the oxygen and 

acetylene cylinders[1,2]. The flow of gases via the 

nozzle can be controlled with a regulator to produce a 

bluish flame. The powders were fed into the flame 

using a stopper-equipped powder feeder[1,2]. To 

collect the deposited nanopowders, a powder 

collector was positioned over the reaction chamber 

approximately 25 cm away from the nozzle[1,2]. The 

stopper controlled the homogeneity of the powder 

flow while metallic Sn granules, about 40 μm in size, 

were placed in the powder feeder and guided toward 

the bluish flame under gravity[1,2]. The metallic Sn 

powders are melted in a high-temperature flame and 

directly oxidized to produce SnO2 nanoparticles, 

which are then coated over the powder collector and 

described for more research[1,2].  

 

2.2. Photocatalytic degradation experiment 

The decolorization of MB aqueous solution was used 

to assess the photocatalytic degradation activity of 

pure SnO2 nanoparticles as catalysts on Methylene 

Blue (MB) exposed to UV light[1,2]. In order to 

reach adsorption-desorption equilibrium, 10 mg of 

SnO2 and nanoparticles were magnetically agitated 

with 50 ml of aqueous MB solution to produce 

uniform dispersion. The mixture was then left in the 

dark for two hours[1,2]. A UV-visible 

spectrophotometer was used to measure the steady 

state absorption after the reaction mixture including 

the photocatalysts and MB dye was exposed to UV 

light for regular intervals of 30, 60, 90, 120, 150, and 

180 minutes[1,2].   

 

III. RESULTS AND DISCUSSION 

 

XRD, EDX, UV visible spectroscopy, and FESEM 

are used to analyze pure SnO2 nanoparticles produced 

by direct oxidation of the flames[1,2]. The structural 

characteristics of the produced nanoparticles, such as 

their size, crystalline structure, and phases, were 

examined using X-ray diffraction[1,2]. Energy 

Dispersive X-ray Analysis (EDX) was used to verify 

the chemical makeup and purity of SnO2 and 

nanoparticles[1,2]. Their optical characteristics were 

examined using a UV visible spectrophotometer 

(JASCO V-770) in the 200–900 nm measuring 

range[1,2]. 

 

3.1. Structural analysis 

One of the most important characterisation 

techniques for determining the typical crystallite 

sizes, structures, and phases found in the produced 

nanoparticles is XRD[1,2]. The xrd pattern of pure 

SnO2 and nanoparticles using the quick and easy 

flame oxidation approach is displayed in figure 

1[1,2]. The tetragonal phase of the SnO2 

nanoparticles is confirmed by Figure 1, and the 

planes (110), (101), (200), (111), (211), (220), (002), 

(301), (112), (301), (202), and (321) match the 

tetragonal structured SnO2 (JCPDS card No. 00-041-

1445, space group: P42/mnm, group number: 136) 

[1,2]. For both the SnO2 and nanoparticles, the 
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average crystallite size was determined to be 29 

nm[1,2].  

 
Fig.1 XRD Spectra of pure SnO2 nanoparticles 

 

3.2 Chemical analysis 

EDX is a crucial technique for verifying the 

elemental, chemical, and purity of flame-synthesised 

SnO2 nanoparticles[1,2].  The EDX spectrum of SnO2 

shows the distinctive peaks for oxygen at 0.5 eV and 

tin at 3 and 3.4 eV, as seen in figure 2[1,2]. One of 

the key benefits of the flame synthesis approach is 

that this spectrum verifies that the produced 

nanoparticles are pure and free of extraneous 

contaminants[1,2]. The weight and atomic 

percentages of the elements found in the produced 

nanomaterials are displayed in Table 1[1,2]. 

 

Table 1: EDX data of pure SnO2 nanoparticles 

Element Series Weight % Atomic % 

O K 30.36 76.38 

Sn L 69.64 23.62 

 

 
Fig.2 EDX Spectra of pure SnO2 nanoparticles 

 

3.3. Optical studies 

The best method for examining the different optical 

characteristics of the flame-synthesized nanoparticles 

is UV visible absorption spectroscopy[1,2]. The 

absorbance versus wavelength peaks for pure SnO2 

nanoparticles are displayed in figure 3[1,2]. SnO2 has 

modest absorbance above 400 nm and very high 

absorbance around 300 nm. The band gap value of 

SnO2 nanoparticles is found to be 3.5 eV[1,2]. 

 

 
Fig.3 Absorbance spectra of SnO2 nanoparticles 

 

3.4. Surface analysis 

The best characterisation technique for examining the 

surface appearance and crystalline structure of SnO2 

and nanoparticles is FESEM[1,2]. The FESEM 

pictures of pure SnO2 nanoparticles produced by 

flame synthesis are shown in figure 4[1,2]. When 

bulk metal Sn powders fall on the oxy-acetylene 

flame during the synthesis of SnO2 nanoparticles, the 

extremely high temperature of the flame causes Sn to 

instantly melt and combine with oxygen to generate 

irregular, agglomerated, nano flowered, and nano 

clustered SnO2 nanoparticles[1,2].   

 

 
Fig.4 FESEM image of pure SnO2 nanoparticles 

 

IV. PHOTOCATALYTIC DEGRADATION OF 

MB 

 

Figure 5 shows the absorbance spectra of MB in the 

presence of synthesized photocatalysts under 

ultraviolet irradiation. Due to the degradation of MB 

dye, around 661 nm range the absorption intensity 
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decreases linearly with the increase of irradiation 

time from 0-180 min[1,2]. It was also noted that the 

color of the aqueous solution gradually diminishes as 

the time of uv irradiation increases. The MB dye 

degradation in the presence of SnO2 nanoparticles is 

depicted in Fig. 8[1,2]. Prior to irradiation, the MB 

solution was tested both with and without a catalyst 

in the dark, which showed very little photolysis[1,2].  

Highly reactive hydroxyl (OH-) and superoxide (O2
-) 

radicals are created when ultraviolet light strikes the 

surface of SnO2, absorbing it and causing electrons to 

move from the lower energy level (valence band) to 

the higher energy level (conduction band) [1,2]. Both 

these radicals plays a vital role in the degradation of 

MB dye solution[1,2]. At the end of 180 min uv 

irradiation, the degradation efficiency of MB dye in 

the presence of SnO2 catalyst reaches 82%, which 

can be revealed from the decolorization of the MB 

solution[1,2].  

 

 
Fig.5 MB degradation in presence of SnO2 

nanoparticles 

 

V. CONCLUSION 

 

Using the high temperature oxy-acetylene flame, pure 

SnO2 nanoparticles were effectively produced using 

the flame synthesis method. The XRD examination 

verified the formation of tetragonal structured pure 

SnO2 and cubical phased nanoparticles. Atomic 

weight % and chemical composition from the EDX 

examination verify that SnO2 nanoparticles are pure 

and free of contaminants. The band gap value of 3.5 

eV for SnO2 nanoparticles is confirmed by UV-

visible absorption spectra. It is evident from the 

FESEM study that the SnO2 nanoparticles are uneven, 

agglomerated, nano flowered, and nano clustered. 

Due to the production of extremely reactive (OH-) 

hydroxyl radicals and superoxide (O2
-) radicals, MB 

degradation study demonstrates the great 

performance of SnO2 nanoparticles as photocatalysts 

under UV light. 
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