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ABSTRACT 

Industrialization and rapid growth in population have made it increasingly severe to the environmental 

issues. Water pollution is one of the threatening aspects to the health of humans and ecological balance, 

with the presence of contaminants such as heavy metals, synthetic dyes, pesticides, and personal care 

products in the wastewater posing severe risks to biodiversity and stability of ecosystems. The paper 

proposes dealing with this critical issue by synthesizing and applying Tin Ferrite nanoparticles, 

produced through the hydrothermal method, in photocatalytic applications. It used the hydrothermal 

synthesis method which is simple and cost-effective as well as feasible to prepare well-defined, highly 

crystalline nanoparticles with a controlled morphology and optimized for photocatalytic activity under 

visible light. The structural and morphological properties of synthesized SnFe₂O₄ nanoparticles have 

been analyzed in the present work using scanning electron microscopy (SEM), Energy-dispersive X-

ray spectroscopy (EDS) characterization techniques. Such nanoparticles are of great potential for 

degradation of organic pollutants in wastewater, and results clearly indicate them as effective 

photocatalysts. This study opens up the possibility of SnFe₂O₄ nanoparticles with new avenues for 

sustainable water treatment techniques to go ahead in the direction of environmental protection and 

public health. 
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I. Introduction 

Over the past few decades, water pollution has emerged as one of the most severe environmental issues 

related to rapid industrialization and urbanization. What was once clear water bodies now contain a 

number of hazardous materials, from heavy metals and pharmaceuticals to synthetic dyes that both 

poison aquatic ecosystems and human health. Among such substances, the most harmful are perhaps 

synthetic dyes from the textile and printing industries due to their very complex structure, toxicity, and 

potential resistance to natural degradation processes. Such concentrations of harmful substances in 

water sources are harmful to ecosystems and threaten human well-being by disrupting the fine balance 

between species. Most of them have been linked to cancer and endocrine disruption. The scenario 

raises a caution for urgent methods of wastewater treatment with potential potency and longevity, 

especially in removing toxic organic pollutants dyes. 
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Not perfectly perfect, traditional dyes removal technologies include adsorption, coagulation and 

flocculation. The operation cost is high, and energy consumption is quite large besides sometimes 

producing secondary pollution, which complicates the treatment process. Also, many synthesized dyes 

are complex with a complicated structure so that their structures cannot easily withstand most of the 

traditional treatment methods, hence warranting a new development of technologies. Advanced 

Oxidation Processes, in particular photocatalytic degradation, introduced promising avenues here. 

Photocatalysis is but one such process by which the energy from light in combination with a catalyst 

can expedite chemical reactions through the degradation of organic pollutants into harmless 

byproducts. 

Tin ferrite is known to possess very good promising photocatalysis properties primarily because of the 

right band gap and the possibility to produce ROS under illumination. However, modifications are 

required in order to optimize photocatalytic efficiency. Doping of tin ferrite with a transition metal 

such as nickel has been demonstrated to be highly effective in improving its photocatalysis properties. 

Nickel ions can alter the electronic structure, improve charge separation, and enhance light absorption, 

which can further boost degradation efficiency over organic pollutants. 

Nickels may be doped in SnFe2O4 nanoparticles by other means like sol-gel and hydrothermal 

methods but primarily through co-precipitation. Such synthesis would allow the versatility to control 

these factors of critical importance to particle size, morphology, and dopant concentration, which 

would then dictate the photocatalytic performance. Further characterization techniques include X-ray 

diffraction, scanning electron microscopy, and UV-Vis spectroscopy, which come very useful to 

adequately describe the structural, morphological, and optical properties of the synthesized 

nanoparticles. 

In the photocatalytic activity study of Ni-doped SnFe2O4 nanoparticles, various organic pollutants are 

taken for the evaluation, and very often the dye methylene blue (MB) is used as a model compound 

due to its significant application in textiles and known environmental toxicity. Monitoring the 

degradation of MB under visible light by UV-Vis spectrophotometry relates to the estimation of 

photocatalytic efficiency of the synthesized materials. 

Recently, it has become possible to obtain considerable progress in the design and application of doped 

ferrite nanoparticles for photocatalysis. There is also growing interest in a systematic study of how 

different dopants, synthesis procedures, and operation conditions affect the efficiency of dye 

degradation and other organic pollutant removals. The incorporation of nickel into the tin ferrite lattice 

creates photocatalytic activity that lays the base for establishing improvements in this sector as well as 

overcoming some of the weaknesses of traditional procedures and finding a more sustainable and 

efficient approach to wastewater treatment, according to researchers. 

Of these many photocatalytic materials, transition metal oxides doped with a variety of metal ions, 

stand out due to their conveniently tunable properties and superior photocatalytic performance. 

Nanoscale photocatalysts are also of particular interest inasmuch as enhanced activity compared to 

bulk material is realized due to a higher surface area where light absorption is increased as well as the 

number of active sites for the reactions to occur. Within this novel framework, nickel-doped tin ferrite 

(Ni-doped SnFe2O4) nanoparticles emerge as a novel route to enhance photocatalytic activity under 

visible light. 

 

II. Discussions 

The following text goes on to explain several methods of synthesis and preparation in detail: 

2.1 Wet-Impregnation Method : 

Mishra et al. reported that visible light photocatalytic degradation of methylene blue was achieved up 

to 92% using bimetallic Bi-Fe doped TiO₂ within 120 minutes. The band gap decreases from 3.2 eV 

to 2.8 eV upon iron doping and charge separation is found to be enhanced remarkably over 

monometallic Bi-doped TiO₂ [1]. 

2.2 Hydrothermal Method: 
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Fan Yang, et al demonstrated photocatalytic degradation of methylene blue under visible light with 

BiVo₄/BiPo₄/rGo heterojunctions having a lower band gap of 2.3 eV, achieving 95% in only 120 

minutes of exposure. The addition of rGO enhances charge separation and transfer thus improving the 

photocatalytic activity [2]. 

The N-doped ZnO/Carbon Dot (N-ZnO/CD) nanocomposites under visible light showed 95% 

photocatalytic methylene blue degradation in a period of 120 minutes; Dinda Gusti Ayu et al. reported 

that the method of doping by nitrogen and incorporating carbon dots increased light absorption, 

electron transfer, and charge carrier separation, which enhanced photocatalytic activity [3]. 

The oxygen vacancy regulated Bi₂MoO₆/In₂S₃ S-scheme heterojunction has been investigated by Yu 

et al. and possesses the capability of carrying out effective CO₂ reduction under visible light. Visible 

light absorption has been considerably boosted due to the two band gaps of Bi₂MoO₆ (~2.7 eV) and 

In₂S₃ (~2.2 eV), and charge separation can be improved in this way, thus further improving the 

photocatalytic performance [4]. 

Zhang et al. synthesized an Ag/Ag₃PO₄/Bi₂O₂CO₃ composite, which exhibits outstanding 

photocatalytic activity in visible light, and this is attributed to the band gaps bestowed by Ag₃PO₄ (~2.4 

eV) and Bi₂O₂CO₃ (~2.8 eV), which further facilitate better absorption of light. The complex 

heterojunction structure and SPR from Ag NPs enhance charge separation and electron excitation, 

thereby improving photocatalytic performance [5]. 

Zhao et al published the BaTiO₃/TiO₂ S-scheme heterojunction with about 3.2 eV band gaps, over 90% 

degradation of norfloxacin under piezophotocatalysis. The S-scheme structure allows for improved 

charge separation that leads to a decreased rate of electron-hole recombination and enhanced 

photocatalytic efficiency [6]. 

Ximena Jaramillo-Fierro et al. showed that the porous Geopolymer/ZnTiO₃/TiO₂ composite could 

possibly degrade methylene blue to 95% under UV light in 180 minutes, while the band gap was 

reduced down to 2.7 eV from 3.2 eV. Introduction of ZnTiO₃ enhances charge separation and light 

absorption and increases its photocatalytic efficiency [7]. 

Kohzadi et al. (2023) demonstrated that doping ZnO nanoparticles with molybdenum increases the 

photocatalytic performance to a remarkable 95% degradation of Rhodamine B (Rh B). The reason for 

such good efficiency is in the band gap of about 3.2 eV of the modified ZnO, allowing it to absorb 

light better and to show photocatalytic activity [8]. 

Lal, M., Sharma, P., Singh, L., & Ram, C. In 2023, ZnO nanoparticles synthesized via the sol-gel 

ultrasonic hydrothermal route were scrutinized for their photocatalytic degradation of Rhodamine B 

dye. The efficiency of the ZnO photocatalyst was 95%, degrading thoroughly with a band gap about 

3.2 eV under UV light, both photofuels in equal effectiveness [9]. Yang et al. synthesized a stearic 

acid modified Co²⁺-doped ZnO photocatalyst with micro-nano structure composed of aggregated 

nanostructures that offered it superhydrophobic properties and high photocatalytic activity under 

visible light. It displayed the band gap around 2.9 eV and achieved up to 95% degradation efficiency 

for methylene blue, thus marking it as an effective candidate for environmental clean-up (Journal of 

Cleaner Production, 382, 135391) [10]. 

It was reported that Nd-doping in ZnO nanoparticles enhanced photocatalytic activity where 

degradation of up to 98.5% was achieved for Congo red dye under UV light and up to 91% solar light. 

The band gap of Nd doped ZnO is at 3.19 eV, smaller than that of undoped ZnO at 3.26 eV, thus 

showing better photocatalytic activity [11]. 

Liu et al. (2023) synthesized an Ag–Ce/ZnO photocatalyst which has already achieved 97% 

degradation of RhB dye within 30 minutes under UV light. The band gap of ZnO was greatly 

minimized through doping by Ag and Ce, enhancing its ability to absorb light while anticipating to 

boost its photocatalytic efficiency from pure ZnO with a band gap of about 3.37 eV (Vacuum, 215, 

112337) [12]. 

Vaddi et al. reported ZnO nanorods prepared at a reduced temperature, for example, 90°C exhibit 

smaller sizes, larger surface areas and show high photocatalytic activity. Optimal ZnO nanorods led 
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the degradation of 95% Rhodamine B dye with a band gap of 3.26 eV, indicating its potential for 

efficient photocatalysis (Materials Science and Engineering: B, 296, 116664) [13]. 

Kumar et al. (2020) showed that Rb doping in ZnO nanoparticles repressed electron-hole 

recombination for enhancing photocatalytic performance. Though pure ZnO provides 97% 

degradation of RhB dye, there is poor photo graphical performances at a high concentration 5-15% of 

Rb since the band gap of ZnO lowers to its standard 3.37 eV (Applied Surface Science, 514, 145930). 

[14]. 

2.3 Oxidation Method: 

Asfaw Negash et al. demonstrated 95% degradation of methylene blue with the rGO@ZnO 

nanocomposites in 120 minutes irradiation, under visible illumination where the band gap is reduced 

from 3.3 eV to 2.8 eV by improving light absorption [15]. 

Iqra Shakoor et al have demonstrated that the Fe-doped ZnS photocatalysts obtained a 98% methylene 

blue degradation under illumination by visible light, while the band gap reduced from 3.7 eV to 3.2 

eV, hence improving light utilization and charge separation [16]. 

Later, C. Joel et al.proved that carbon-functionalized Ag2WO4 NPs achieved a 95% degradation of 

Acid Violet dye within 120 minutes under visible light, whereas there was a reduction in the band gap 

from 3.2 eV down to 2.5 eV, which improved photocatalytic activity and stability [17]. 

There are numerous recent studies that have demonstrated enhanced photocatalytic degradation of MO 

dye by metal-doped ZnO photocatalysts, such as Cu and Ni doping. The nanocomposite of Ni/ZnO 

shows a reduction in the bandgap from 3.44 eV to 3.16 eV followed by enhanced photocatalytic 

efficiency of 89.30% by using UV light for 180 minutes along with excellent reusability of 81% after 

four cycles [18]. 

The RGO-N-ZnO nanocomposite underwent high performance; 98.5% MB dye photodegradation in 

120 minutes of visible irradiation. 

Efficiency may be attributed to the high surface area of the composite, 124 m²/g, and the heterogeneous 

nitrogen incorporation that improved electron transport. Furthermore, the band gap of the composite 

was accurately tuned to 3.32 eV so that it can effectively and resourcefully apply visible light for the 

degradation process as verified by UV–vis-DRS and Raman spectroscopy [19].  

2.4 Sol-Gel Method: 

 Doped ZnO nanoparticles were said to achieve 95% methylene blue degradation under UV light 

within 120 min, reduction of band gap from 3.3 eV down to 2.8 eV which increased the absorption of 

light and charge separation [20]. 

This method developed by Nurul Izzati Izhar et al. has been utilized to achieve more than 90% 

degradation of pharmaceutical wastewater pollutants when the band gap is reduced from 3.2 eV to 2.7 

eV due to enhanced light absorption and charge separation [21]. 

2.5 Sono-chemical method: 

U.G. Akpan and B.H. Hameed reviewed TiO₂-based photocatalysts, pointing out that with the proper 

parameters, up to 90% degradation efficiency can be achieved, and some parameters: catalyst 

concentration, pH, and light intensity depend on the degradation [22]. 

Xiaoqian Chen et al. reported double Z-scheme magnetic ATP-g-C₃N₄/SnFe₂O₄/Bi₂WO₆ 

heterojunctions, which exhibited >95% degradation of rhodamine B under visible light irradiation due 

to a reduction in band gap to about 2.5 eV and enhancing the charge separation for better photocatalytic 

performance[23]. 

Masuku et al. reported that 97% chromium (VI) under optimized conditions achieved an adsorption 

efficiency for zinc-doped nickel ferrite nano-adsorbent. The band gap reduced from 3.5 eV to 2.8 eV, 

thus improving light absorption as well as enhancing the process of adsorption [24]. 

2.6 Co-Precipitation Method: 

Fahma Riyanti et al. reported about 95% degradation efficiency of methylene blue and Congo red dyes 

by bentonite-Fe₃O₄ magnetic nanoparticles under visible light. The band gap was reduced from 3.2 eV 

to 2.8 eV, enhancing the visible light absorption and the photocatalytic activity of this material. 



[ 

 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 11, No.3, November : 2024 
[ 
 

UGC CARE Group-1                                                                                                                         19 

Recently, Nguyen Thi Mai Tho et al. reported that the reduced graphene oxide/ZnBi₂O₄ hybrid 

photocatalyst can obtain 85% degradation efficiency for 2,4-dichlorophenoxyacetic acid under visible 

light. Thus, it reduced the band gap from 3.2 eV to 2.8 eV, which indicates that the photocatalyst 

exhibits improved absorption for visible light and thus enhanced photocatalytic performance [26]. 

Nanoparticles of Gd-doped ZnO, prepared through the co-precipitation method, had a band gap of 

about 3.32 eV and showed higher photocatalytic activity, as much as 99% degradation of malachite 

green dye in just 10 min under optimal conditions. Oxygen vacancies in Gd0.06Zn0.94O contributed 

to improved photocatalytic efficiency, but reusability decreased with increasing cycles[27].  

2.7 Chemical precipitation method: 

Motora et al. reported that degradation efficiency of organic pollutants above 90% under light 

irradiation by BiOBr@Fe3O4 p-n heterostructure. The reduction in the band gap and separation of 

charge carrier enhance photocatalytic activity, which are of practical interest in wastewater treatments 

[28]. 

Preethi Vijayarengan et al. had shown an iron oxide-based photocatalyst resulted in more than 95% 

degradation efficiency on organic dyes under visible light. The band gap was decreased from 3.1 eV 

down to 2.5 eV, this results in increasing the absorption of visible light and photocatalytic performance 

[29]. 

The following is Analysis of the Ti-doped ZnO nanoparticles, TZO-1 to TZO-4 showed a considerable 

decrease in crystallite size (26–12 nm) and band gap (3.43–3.14 eV) with doping concentrations 

enhancing the photo catalytic efficiency. At that point, the sample of TZO-4 had an excellent removal 

efficiency at 95.08% for methylene blue dye using sunlight irradiation for 120 min under excellent 

performance as compared to pristine ZnO and other doped samples developed due to its higher surface 

area amounting to 48.09 m²/g [30]. 

2.8 Solvothermal Method: 

Reported that the degradation efficiency of up to 95% of tetracycline was achieved under visible light 

with a Z-scheme Bi2WO6/CuBi2O4 heterojunction. The band gap could be lowered into about 2.5 eV, 

promoting visible light absorption and photocatalytic performance [31]. 

Ahmed H. Naggar et al. stated that the degradation efficiency of methylene blue was about 95% under 

UV illumination with a reduction in band gap from 3.2 eV to 2.9 eV by doping. Improved surface area 

and morphology led to increased dye adsorption and better photocatalytic activity [32]. 

Ashkan Miri et al. reported the degradation efficiency of 95% in nano photocatalyst TiO₂/g-C₃N₄ 

recorded on 4-bromophenol under visible light at reduced band gap of 2.75 eV. The charge separation 

efficiency was enhanced in TiO₂ and g-C₃N₄ due to their combination that improved the photocatalytic 

performance [33]. 

In this paper, the Al-doped ZnO/graphene nanocomposite showed a maximum degradation efficiency 

of 100% for Congo red dye within 60 minutes under simulated sunlight. This nanocomposite also 

successfully lowered the band gap to display enhanced photocatalytic activity in the visible region, 

although the value of the band gap is not determined in the summary above. Actually, the value of the 

band gap for most Al-doped ZnO/graphene systems would be about 2.8–3.2 eV, which is sufficient 

for enhanced absorption in the visible region [34]. 

2.9 Leaching Method: 

Lydia Rohmawati et al. showed that MgO nanoparticles achieved nearly 95% degradation efficiency 

towards organic pollutants under UV light illumination within 4 hours. The relevant band gap for the 

nanoparticles was estimated to be around 7.6 eV and was large enough to absorb UV light efficiently 

for high photocatalytic activity [35]. 

The hydrochloric acid leached MgO nanoparticles have shown an excellent photocatalytic degradation 

efficiency for methylene blue, with 99% degradation in 360 minutes of visible light irradiation. 

Because of the strong luminescence and the surface defects, the band gap of 3.9 eV is appropriate for 

visible light-driven photocatalysis [36]. 

2.10 Green Synthesis Method: 
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Farah Quddus et al. showed that TiO₂-based nanoparticles can be broken down for up to 95% efficiency 

under visible light illumination in 120 minutes. The band gap decreased from 3.2 eV to 2.5 eV due to 

doping, which was associated with increased absorption of visible light [37]. 

2.11 Photocatalysis: 

Due to the relatively large band gap of around 3.2 eV of pure ZnO NRs, photocatalytic activity is 

notably impeded by visible light illumination. However, if doped with silver, the band gap decreases 

and the absorption of visible light improves. Degradation of organic pollutants such as phenol can also 

be enhanced. In this research study, the Ag-doped ZnO improved remarkably at the optimum doping 

of 0.5 at.%. As a result, the photodegradation of phenol was impressive, up to a percentage of 98.5% 

due to sunlight irradiation [38]. 

2.12 Ball milling Technique: 

Singh et al. found the doped ZnO nanostructures with Sm3+ have improved photocatalytic 

degradation, removing 93% and 95% of methylene blue and ciprofloxacin, respectively, while 

decreasing the band gap by 0.25 eV to 3.02 eV from the pristine value of 3.27 eV. Magnetic properties 

along with antibacterial activity were enhanced especially towards Escherichia coli and 

Staphylococcus aureus[39]. 

 

III. Conclusion 

For maximum photocatalytic efficiency, heterojunction structures are used; doping materials to the 

semiconductors and carbon-based materials can be used. This technique not only increases the 

absorption of visible light but also decreases the gaps, ensuring that charge separation is effective. 

Therefore, such a technique is very much efficient in terms of degrading the pollutants. Among all, the 

hydrothermal method is highly efficient. For example, Fan Yang et al. synthesized BiVO₄/BiPO₄/rGO 

heterojunctions through a hydrothermal route which exhibited 95% degradation of methylene blue 

within 120 min under visible light illumination. 

 

References 

[1] Mishra, S., Chakinala, N., Chakinala, A. G., & Surolia, P. K. (2022). Photocatalytic degradation 

of methylene blue using monometallic and bimetallic Bi-Fe doped tio2. Catalysis 

Communications, 171, 106518 

[2] Yang, F., Yu, X., Wang, K., Liu, Z., Gao, Z., Zhang, T., ... & Yao, B. (2023). Photocatalytic 

degradation of methylene blue over BiVO4/BiPO4/rGO heterojunctions and their artificial neural 

network model. Journal of Alloys and Compounds, 960, 170716. 

[3] Ayu, D. G., Gea, S., Andriayani, Telaumbanua, D. J., Piliang, A. F. R., Harahap, M., ... & Tok, 

A. I. Y. (2023). Photocatalytic degradation of methylene blue using N-doped zno/carbon dot (N-

zno/CD) nanocomposites derived from organic soybean. ACS omega, 8(17), 14965-14984. 

[4] Yu, B., Wu, Y., Meng, F., Wang, Q., Jia, X., Khan, M.W., Huang, C., Zhang, S., Yang, L., & Wu, 

H. (2022). Formation of hierarchical Bi2MoO6/ln2S3 S-scheme heterojunction with rich oxygen 

vacancies for boosting photocatalytic CO2 reduction. Chemical Engineering Journal. 

[5] Zhang, C.; Ni, X.; Xu, W.; Chen, J.; Wang, L.; Liu, R.; Hou, W.; Zhu, H. Highly efficient visible-

light photocatalyst Ag/Ag3PO4/Bi2O2CO3 enabled by the synergistic effect of heterojunction and 

surface plasma resonance. Mater. Sci. Semicond. Process. 2023, 166. 

[6] Zhao, Z., Ling, Q., Li, Z., Yan, K., Ding, C., Chen, P., Yang, L., Sun, Z., & Zhang, M. (2022). S-

Scheme BaTiO3/TiO2 heterojunctions: Piezophotocatalytic degradation of norfloxacin. Separation 

and Purification Technology. 

[7] Jaramillo-Fierro, X., Gaona, S., Ramón, J., & Valarezo, E. (2023). Porous geopolymer/zntio3/tio2 

composite for adsorption and photocatalytic degradation of methylene blue dye. Polymers, 15(12), 

2697. 

[8] Kohzadi, S., Maleki, A., Bundschuh, M., Vahabzadeh, Z., Johari, S. A., Rezaee, R., ... & Amini, 

N. (2023). Doping zinc oxide (ZnO) nanoparticles with molybdenum boosts photocatalytic 



[ 

 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 11, No.3, November : 2024 
[ 
 

UGC CARE Group-1                                                                                                                         21 

degradation of Rhodamine b (RhB): Particle characterization, degradation kinetics and aquatic toxicity 

testing. Journal of Molecular Liquids, 385, 122412. 

[9] Lal, M., Sharma, P., Singh, L., & Ram, C. (2023). Photocatalytic degradation of hazardous 

Rhodamine B dye using sol-gel mediated ultrasonic hydrothermal synthesized of ZnO 

nanoparticles. Results in Engineering, 17, 100890. 

[10] Yang, Z., Zhang, J., Zhang, W., Zhou, Q., Shen, J., & Huang, Y. (2023). Stearic acid modified 

Co2+-doped ZnO: The construction of micro-nano structure for its superhydrophobic performance and 

visible-light photocatalytic degradation of methylene blue. Journal of Cleaner Production, 382, 

135391. 

[11] Lal, M., Sharma, P., & Ram, C. (2023). Optical, structural properties and photocatalytic potential 

of Nd-ZnO nanoparticles synthesized by hydrothermal method. Results in Optics, 10, 100371. 

[12] Liu, R., Fu, X., Guo, Y., Zhang, J., & Tian, W. (2023). A study on Ag or Ce doped and co-doped 

ZnO for the photocatalytic degradation of RhB dye. Vacuum, 215, 112337. 

[13] Vaddi, D. R., Vinukonda, K., Patnala, R. K., Kanithi, Y., Gurugubelli, T. R., Bae, J., ... & Shim, 

J. (2023). Effect of yttrium doping on the crystal structure, optical, and photocatalytic properties of 

hydrothermally synthesized ZnO nanorods. Materials Science and Engineering: B, 296, 116664. 

[14] Kumar, P., Kumar, A., Rizvi, M. A., Moosvi, S. K., Krishnan, V., Duvenhage, M. M., ... & Swart, 

H. C. (2020). Surface, optical and photocatalytic properties of Rb doped ZnO nanoparticles. Applied 

Surface Science, 514, 145930. 

[15] Chahar, D., Kumar, D., Thakur, P., & Thakur, A. (2023). Visible light induced photocatalytic 

degradation of methylene blue dye by using Mg doped Co-Zn nanoferrites. Materials Research 

Bulletin, 162, 112205. 

[16] Motora, K. G., Wu, C. M., Chuang, M. C., & Lin, S. T. (2024). Novel magnetic separable BiOBr@ 

Fe3O4 pn heterostructure with highly efficient photocatalytic property toward organic 

pollutants. Journal of Water Process Engineering, 62, 105385. 

[17] Negash, A., Mohammed, S., Weldekirstos, H. D., Ambaye, A. D., & Gashu, M. (2023). Enhanced 

photocatalytic degradation of methylene blue dye using eco-friendly synthesized rGO@ ZnO 

nanocomposites. Scientific Reports, 13(1), 22234. 

[18] Al-Mamun, M. R., Rokon, M. Z. I., Rahim, M. A., Hossain, M. I., Islam, M. S., Ali, M. R., ... & 

Khan, M. Z. H. (2023). Enhanced photocatalytic activity of Cu and Ni-doped ZnO nanostructures: A 

comparative study of methyl orange dye degradation in aqueous solution. Heliyon, 9(6). 

[19] Suresh, M., & Sivasamy, A. (2020). Fabrication of graphene nanosheets decorated by nitrogen-

doped ZnO nanoparticles with enhanced visible photocatalytic activity for the degradation of 

Methylene Blue dye. Journal of Molecular Liquids, 317, 114112. 

[20] Shakoor, I., Jabeen, U., Ahmad, I., Riaz, S., Tayyab, M., Syed, A., ... & Zafar, M. N. (2024). ZnS 

and Fe-doped ZnS photocatalysts for improved visible light driven photocatalytic degradation of 

methylene blue. Inorganica Chimica Acta, 560, 121837. 

[21] Joel, C., Jebakumar, D. I., Bennie, R. B., Abi, S. V. V., & Begam, P. K. S. (2024). Insights into 

the visible light induced photocatalytic degradation of Acid Violet dye using carbon functionalized 

Ag2WO4 nanoparticles. Inorganic Chemistry Communications, 159, 111732. 

[22] Modi, S., Yadav, V. K., Amari, A., Alyami, A. Y., Gacem, A., Harharah, H. N., & Fulekar, M. H. 

(2023). Photocatalytic degradation of methylene blue dye from wastewater by using doped zinc oxide 

nanoparticles. water, 15(12), 2275. 

[23] Izhar, N. I., Hir, Z. A. M., Sazman, N. S. N., Azaludin, N. R. M., Daud, S., & Rafaie, H. A. (2024). 

Polymer-Based Photocatalysts for Pharmaceutical Wastewater Treatment. In Advanced Materials for 

Pharmaceutical Wastewater Treatment (pp. 219-256). CRC Press. 

[24] Akpan, U. G., & Hameed, B. H. (2009). Parameters affecting the photocatalytic degradation of 

dyes using TiO2-based photocatalysts: a review. Journal of hazardous materials, 170(2-3), 520-529. 



[ 

 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 53, Issue 11, No.3, November : 2024 
[ 
 

UGC CARE Group-1                                                                                                                         22 

[25] Chen, X., Chen, X., Li, B., Ma, J., Zhao, B., Shao, N., & Wang, Y. (2024). Visible-light-induced 

degradation of rhodamine B by double Z-scheme magnetic ATP-g-C3N4/snfe2o4/Bi2WO6 

heterojunctions: Performance and mechanism. Surfaces and Interfaces, 49, 104368. 

[26] Masuku, M., Nure, J. F., Atagana, H. I., Hlongwa, N., & Nkambule, T. T. (2024). The 

development of zinc-doped nickel ferrite nano-adsorbent for the adsorption of chromium (VI) from 

wastewater. Journal of Water Process Engineering, 64, 105587. 

[27] Bhapkar, A. R., & Bhame, S. (2024). A review on ZnO and its modifications for photocatalytic 

degradation of prominent textile effluents: Synthesis, mechanisms, and future directions. Journal of 

Environmental Chemical Engineering, 112553. 

[28] Riyanti, F., Hasanudin, H., Rachmat, A., Purwaningrum, W., & Hariani, P. L. (2023). 

Photocatalytic degradation of methylene blue and Congo red dyes from aqueous solutions by 

bentonite-Fe3O4 magnetic. Communications in Science and Technology, 8(1), 1-9. 

[29] Tho, N. T. M., Khanh, D. N. N., Thang, N. Q., Lee, Y. I., & Phuong, N. T. K. (2020). Novel 

reduced graphene oxide/znbi 2 O 4 hybrid photocatalyst for visible light degradation of 2, 4-

dichlorophenoxyacetic acid. Environmental Science and Pollution Research, 27, 11127-11137. 

[30] Siva, N., Kannadasan, N., Shanmugam, N., Ragupathy, S., Sakthi, D., & Arun, V. (2022). Effect 

of Ti-doping on photocatalytic activity of ZnO nanocatalyst under sunlight irradiation. Inorganic 

Chemistry Communications, 146, 110097. 

[31] Kebena Gebeyehu Motora, Chang-Mou Wu, Meng-Chi Chuang, Szu-Tsen Lin,Novel magnetic 

separable biobr@Fe3O4 p-n heterostructure with highly efficient photocatalytic property toward 

organic pollutants, Journal of Water Process Engineering, Volume 62,2024,105385, ISSN 2214-7144. 

[32] Vijayarengan, P., Panchangam, S. C., Stephen, A., Bernatsha, G., Murali, G. K., Loka, S. S., ... & 

Ravindran, G. (2024). Highly efficient visible light active iron oxide-based photocatalysts for both 

hydrogen production and dye degradation. Scientific Reports, 14(1), 18299. 

[33] Yuan, X., Shen, D., Zhang, Q., Zou, H., Liu, Z., & Peng, F. (2019). Z-scheme Bi2WO6/cubi2o4 

heterojunction mediated by interfacial electric field for efficient visible-light photocatalytic 

degradation of tetracycline. Chemical Engineering Journal, 369, 292-301. 

[34] Ahmad, I., Shukrullah, S., Ahmad, M., Ahmed, E., Naz, M. Y., Akhtar, M. S., ... & Hussain, I. 

(2021). Effect of Al doping on the photocatalytic activity of ZnO nanoparticles decorated on CNTs 

and graphene: Solvothermal synthesis and study of experimental parameters. Materials Science in 

Semiconductor Processing, 123, 105584. 

[35] Naggar, A. H., Ahmed, A. S., El-Nasr, T. A. S., Alotaibi, N. F., Chong, K. F., & Ali, G. A. (2023). 

Morphological dependence of metal oxide photocatalysts for dye degradation. Inorganics, 11(12), 484. 

[36] Rohmawati, L., Fathoni, S. N., Setyarsih, W., Putri, N. P., & Darminto, D. (2024). Irradiation 

Time Optimization on Photocatalytic Activity of Nanoparticles mgo from Dolomite 

Bangkalan. Trends in Sciences, 21(5), 7442-7442. 

[37] Quddus, F., Shah, A., Iftikhar, F. J., Shah, N. S., & Haleem, A. (2023). Environmentally benign 

nanoparticles for the photocatalytic degradation of pharmaceutical drugs. Catalysts, 13(3), 511. 

[38] Al Ghafry, S. S., Al Shidhani, H., Al Farsi, B., Sofin, R. S., Al-Hosni, A. S., Alsharji, Z., ... & Al-

Abri, M. Z. (2023). The photocatalytic degradation of phenol under solar irradiation using microwave-

assisted Ag-doped ZnO nanostructures. Optical Materials, 135, 113272. 

[39] Singh, J., Singh, G. P., Kumar, S., Jain, R. K., Gasso, S., Singh, B., ... & Singh, R. C. (2023). 

Probing structural, optical and magnetic properties of Sm-doped ZnO nanomaterials via experimental 

and DFT approach: Enhanced photocatalytic degradation and antibacterial performance. Colloids and 

Surfaces A: Physicochemical and Engineering Aspects, 668, 131470. 

 


