


Fabrication of Graphene-based Tin Oxide (GO-Sno2) Composite with Enhanced Catalytic Properties

Abstract
Limited freshwater is being gradually turned into wastewater due to pollution of accessible water resources even as wastewater treatment continues to attract attention. Since traditional wastewater treatment plants (WWTP) are not built to fully remediate or degrade contaminants. Therefore, there’s need to design and develop effective wastewater treatment materials that can enhance the quality of water for aquatic and human life. This study synthesized graphene oxide (GO) based catalyst (GO-SnO2) which can serve as an effective photocatalyst in waste water treatment. It was found that the functionalization of SnO2 with GO will enhance its photocatalytic performance. Additionally, it was shown that the morphological features are essential for improving the properties of the synthesized SnO2 and will have a significant impact on the photocatalytic performance of the GO/SnO2. According to the characterization, FTIR and EDS analyses revealed pertinent functional groups and elemental compositions. Additionally, the HRTEM and SEM showed that the addition of GO increased the surface area of SnO2, which in turn increased the creation of electron-hole pairs.  According to BET tests, the surface area of SnO2 increased from 12.26 m2/g to 39.37 m2/g upon the addition of GO.  Hence, this easy and affordable way to create a photocatalyst can be utilized to remove other organic contaminants from contaminated water since it works better at eliminating organic dyes.
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1.0 Introduction
 The usage of dyes as coloring agents in textile, paper, cosmetics, pharmaceutical, leather and food industries has gained tremendous attention over the years (Elshypany et al., 2021 & Helmy et al., 2018). This can be attributed to certain causes such as the contamination of water especially from the textile industry, which has proven to be difficult to remove (Vanitha et al., 2018). The toxicity, carcinogenic, mutagenic, and the low biodegradability of these industrial dyes has been reported over the last decades (Gupta et al., 2012).
Most of these colored dyes are of synthetic origin and usually consist of aromatic rings in their molecular structure, Inert and non-biodegradable when discharged into waste water without proper treatment (Sanakousar et al., 2022; Bellaj, et al., 2024). Therefore, removing such dyes from polluted water is highly urgent in terms of protecting human health and environmental resources (Cao et al., 2021). Methylene blue (MB), the most commonly used base dye, is believed to have multiple uses in the printing and dyeing industry (Elaouni et al., 2022). In spite of the importance of MB in many industries, its presence in the environment and human health can be compromised if not managed effectively (Bellaj et al., 2024). MB is carcinogenic and does not degrade easily due to the characteristic stability of the aromatic rings in its molecular structure (Sanakousar et al.,2022). Traditional biological, chemical and physical techniques such as adsorption and chemical precipitation are recognized for the treatment of wastewater from dyeing industries (Kayode et al.,2015). These methods are expensive, form sludge or generate secondary pollutants, such as dye adsorption on activated carbon, where the pollutant is only converted from the liquid phase to the solid phase, causing pollution (lin et al., 2013; lei et al., 2022; Vanitha et al.,2018). Therefore, the decomposition of dyes into non-toxic compounds is essential and recommended ( Alsukaibi, 2022). The Advanced oxidation processes (AOP) are presently attracting a great deal of consideration in the field of water treatment (Gusain et al., 2019). These processes involve the use of mixture of photocatalysts composed of semiconductor heterojunctions (Kent et al., 2013; Long et al., 2022).  Semiconductors have been used in AOPs to photo-catalytically degrade organic and inorganic pollutants from effluents due to their ability to degrade the pollutants and also cause their complete mineralization to CO2, H2O and mineral acids (Gupta et al., 2006) especially those with the ability to absorb visible light, as a result of their wideband gaps of ~3.6 eV. (Wang et al., 2013; Mubarak et al., 2022). Photocatalyst semiconductors such as tin dioxide (SnO2) has attracted research interest recently, this is due to its high chemical stability, anti-photo-corrosion, powerful oxidation strength, non-toxicity, low cost, and outstanding catalytic performance (Pinto et al., 2022; Heba et al., 2013).
 However, the application of SnO2 for the photodegradation of organic pollutants in aqueous matrices suffers from quick recombination of photogenerated electron-hole pairs, small surface area and the low solar energy conversion efficiency (Binaya et al., 2021; Aniket et al., 2016). To overcome these limitations, an amendment to the structure of the SnO2 is one of the strategies that can be employed in improving its light absorption through doping with other semiconductors, metals or carbonaceous materials such as activated carbon (AC), graphene oxide (GO), carbo-nanotube (CNT) (Binaya et al., 2021 and Gao et al., 2023). However, considering the cost and depletable resources of other materials, the doping of semiconductors with Graphene Oxide (GO) is considered to be an attractive method (Heba et al., 2023). It can drive charge separation efficiently, extend the lifetime of the charge carriers, and enhance the efficiency of the interfacial charge transfer to adsorbed dyes (Kar et al., 2019). The photocatalytic activity of a photocatalyst can be enhanced by incorporating GO into the semiconductor nanostructure due to its exceptional electrical conductivity and extremely efficient adsorption (Jiang et al., 2021). Graphene oxide is a two-dimensional material with sp2 bonded carbon atoms arranged in a honeycomb lattice (binaya et al.,2023). Graphene oxide is known for its supportive nature in photocatalytic application due to its extraordinary advantages, such as large theoretical specific surface area (2630 m2 /g) (Dong et al., 2012), superior electronic and excellent chemical stability (Loh et al., 2010). It was first isolated from 3D graphite by mechanical exfoliation (Novoselov et al., 2004). It has also been reported that the graphene metal oxide composite possesses good photocatalytic activity, compared to the pure metal oxide (Zhang et al., 2013). As a potential photocatalytic material, GO-SnO2 has been used in the decolorization of Methylene Blue and Rhodamine B (Dong, et al., 2012). There is need to fabricate new photocatalyst material with improved morphological characteristics for the degradation of organic pollutant from the environment, especially aqueous medium like water owing to human dependency on water consumption. Furthermore, combining two oxides (tin oxide and graphene oxide), photocatalyst with improved characteristics would be obtained.
2.0	Methods
2.1	Synthesis of Tin-oxide (SnO2)
SnO2 was synthesized using the liquid phase co-precipitation method. About 2g of Stannous Chloride Di-hydrate (SnCl2.2H2O) was dissolved in 100ml deionized Water in a beaker after which ammonia solution (25%) was added drop wise with constant stirring. The resulting gel-type precipitate form was filtered off and dried at 80oC for 24 hours to remove water molecules. Finally, tin oxide nano-products was obtained through calcination at 550oC for 4-6 hours.
2.2	Synthesis of Graphene Oxide-Tin Oxide (GO-SnO2) Nanocomposite
About 1g of SnO2 nanosheet was dispersed in 120ml beaker and ultrasonicated for 45min at room temperature. The sonicated SnO2 suspension was stirred continuously at room temperature for 45min followed by the addition of different masses of GO (10,20,30,50 mg) to different aliquots to achieve equivalent weight percentages of 1,2,3 & 4 respectively. The resulting homogeneous mixtures was stirred, afterwards, 3ml of HCl was added to each of them. The resulting suspensions was stirred again for another 45min and then transferred into a 100ml Teflon-lined stainless autoclaves and kept at 180oC in an oven and allowed to cool to room temperature. The resulting precipitates of the different coupled amounts of GO nanocomposites was obtained via centrifugation and thereafter, washed severally with deionized water and ethanol. It was dried overnight in a hot air oven at 80oC to obtain needle like GO-SnO2 nanocomposites which was grinded into GO-SnO2 nano-powder. The composite was further characterized using; HRTEM, SEM and FTIR.
3.0 Results and discussion
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Figure 1: FTIR spectra of the synthesized composites
3.1 Functional Group Analysis of GO, SnO2 and GO-SnO2 nanocomposites	
As seen in Figure 1, FTIR spectroscopy was used to ascertain if a functional group was present in the GO-SnO2 produced composites. SnO2, GO, and various masses of GO-SnO2 composites were generated nanoparticles that were scanned within the 400 cm−1 to 4000 cm−1 range. There are several peaks present in the pure SnO2 nanoparticles, which correspond to Sn–O and O–Sn–O, respectively, at around 528, and 668 cm−1. O–H, CO2, and C––O can be attributed to the peaks at 3448, 1835, and 1724 cm−1, respectively (Amoh et al., 2024). Meanwhile, other functional groups with only slight differences are visible when different weight percentages of GO are incorporated into SnO2.
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Figure 2: SEM image of synthesized (a) GO, (b) SnO2 and GO/SnO2 composites
3.2 SEM analysis of the synthesized materials	
All materials’ morphologies are examined using SEM technique. From figure 2, it is evident that graphene oxide (GO) has a sheet-like structure, which is a sign of a well synthesized material while the SnO2 particles have a surface morphology that is almost uniform, and they appear to be in a mixed condition that includes both parted and agglomerated forms. It is clear that tiny GO nanoparticles aggregate to form bigger clusters on the surface of SnO2, a characteristic shared by all nanocomposite morphologies (Mizaj et al 2024).
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Figure 3: SEM-EDS elemental mapping and EDS spectrum of GO-SnO2
3.3 EDS analysis of the GO-SnO2 composites
 The chemical composition of the nanoparticles is confirmed by the EDS of the produced GO-SnO2 samples, which is also reported in figure 3. The EDS spectra of the modified GO/SnO2 showed the presence of the following element Sn, C, N and O, with C and N having lower atomic percentages which could be as a result of the low weight percentages of GO used in the synthesis.
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Figure 4: TEM images of (a) GO, (b) SnO2, (c) GO-SnO2 and (d) SAED spectrum of GO-SnO2
3.4 TEM and HRTEM analysis of the as-prepared composites 
The TEM and HRTEM of the as-prepared composites was further investigated to gain a thorough understanding of the GO-SnO2 microstructure. TEM pictures reveals that the sheets that make up GO have a curly morphology shown in figures 5(a-d), with the edges of the sheets somewhat folded and scrolled ( Zhang et al.,2013; Dutta et al.,2024). The TEM image of SnO2 nanoparticles in Figure 5(b) depicts an agglomeration of almost tiny spherical particles. As illustrated in Figure 5(c), the GO-SnO2 showed dispersion of GO on the composites of GO-SnO2 which means the successful construction of heterojunctions between GO nanosheet and SnO2 nanoparticles. The SAED spectrum of the composites in Figure 5(d) shows that the crystallinity of the SnO2 nanoparticle remains intact even with the inclusion of GO purposely due to the low quantity of GO in the composites.
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Figure 5: Nitrogen adsorption-desorption isotherms of the synthesized materials
3.5 BET Analysis of the materials	
GO-SnO2, SnO2, and synthesized GO surface areas shown in figure 5. were measured utilizing the nitrogen adsorption and desorption isotherm of a BET analyzer. Adsorption-desorption profile followed type IV characteristic with type H3 hysteresis loop, indicating mesoporous structure development for all the synthesized composites (Azim et al., 2021; Serban et al., 2025). In comparison to SnO2, the synthesized various masses of composite materials showed an increase in BET specific surface area. In particular, the addition of GO, which has a surface area of 1392.28 m2/g, caused the surface area of SnO2 to rise from 12.26 m2/g to 39.37 m2/g. The cross-section area of the pollutants and the adsorption surface area grew together, improving the composite's photocatalytic efficacy.

4.0 Conclusion 
[bookmark: _Hlk193448728]this study investigated the impact of functionalizing SnO2 with GO to improve its composition and morphological features. Since this will have a significant impact on the photocatalytic performance of the synthesized GO-based catalyst GO/SnO2. FTIR and EDS analysis revealed pertinent functional groups and elemental compositions of the synthesized (GO) based catalyst (GO-SnO2). Additionally, the HRTEM and SEM showed that the addition of GO increased the surface area of SnO2, which in turn increased the creation of electron-hole pairs.  According to BET tests, the surface area of SnO2 increased from 12.26 m2/g to 39.37 m2/g upon the addition of GO. Consequently, water pollutants especially organic dyes can be eliminated using these simple and affordable photocatalysts.
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