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Abstract: Fenton and photo-Fenton reactions have emerged as effective Advanced Oxidation Processes 

(AOPs) for the degradation of organic pollutants in wastewater treatment. The Fenton process utilizes 

ferrous ions (Fe²⁺) and hydrogen peroxide (H₂O₂) to generate hydroxyl radicals (•OH), which play a crucial 

role in breaking down contaminants. The photo-Fenton process, an enhanced version of the Fenton 

reaction, involves the application of ultraviolet (UV) light to further accelerate hydroxyl radical formation, 

leading to improved degradation efficiency, particularly for recalcitrant pollutants. This study aims to 

optimize key parameters influencing the Fenton and photo-Fenton processes, such as pH, Fe²⁺/H₂O₂ 

concentration, reaction time, and UV light intensity, to achieve maximum pollutant removal. Experimental 

investigations involve UVVis spectrophotometry, Chemical Oxygen Demand (COD) reduction, and Total 

Organic Carbon (TOC) measurements to assess treatment performance. The study highlights the potential 

of these methods as cost-effective and environmentally friendly alternatives for wastewater treatment. 

However, challenges such as iron sludge formation, high hydrogen peroxide consumption, and acidic 

operating conditions require further optimization. Future research should focus on catalyst stabilization, 

solar-assisted photo-Fenton systems, and integration with other treatment technologies to enhance 

practical applications [1].. 

 

Keywords: Fenton Process, Photo-Fenton Process, Advanced Oxidation Processes (AOPs), Hydroxyl 

Radicals (OH), Water Pollutants, Wastewater Treatment, Hydrogen Peroxide (H₂O₂), Ferrous Ions (Fe²⁺), 

UV Light, Pollutant Degradation, Environmental Remediation, Industrial Wastewater, Sustainability in 

Water Treatment [1]. 

 

I. INTRODUCTION 

 

Water pollution is a critical global concern, impacting ecosystems, human health, and the economy. As 

industrialization, agriculture, and urbanization grow, pollutants like heavy metals, organic chemicals, and pesticides 

contaminate water bodies. This contamination affects drinking water sources, aquatic life, and biodiversity. Effective 

and sustainable water purification methods are urgently needed, especially in areas facing water scarcity. Among 

various treatment techniques, advanced oxidation processes (AOPs) have gained attention for their ability to break down 

pollutants into harmless by-products. One such AOP is the Fenton reaction, which involves the generation of hydroxyl 

radicals (•OH) through the reaction of hydrogen peroxide (H2O2) with ferrous ions (Fe²⁺), leading to the degradation of 

a broad range of organic pollutants [2]. 

The Fenton reaction, discovered by chemist H.J.H. Fenton in the late 19th century, involves Fe²⁺ and H2O2 reacting to 

produce hydroxyl radicals, which degrade organic contaminants. The reaction is simple, low-cost, and effective for 

various pollutants such as dyes, pesticides, and pharmaceuticals. However, it requires careful control of reaction 

conditions, including pH and hydrogen peroxide dosing. The Photo- Fenton reaction enhances the Fenton process by 

introducing ultraviolet (UV) light, which accelerates the formation of hydroxyl radicals. UV light helps oxidize Fe²⁺ to 

Fe³⁺, boosting the reaction's efficiency and making it more effective in degrading more persistent pollutants. This 

modification makes the Photo-Fenton process increasingly attractive for environmental applications [3]. 

Both reactions rely on hydroxyl radicals (•OH), which are highly reactive and break down organic pollutants. In the 

Fenton reaction, Fe³⁺ is reduced to Fe²⁺ in the presence of H2O2, generating hydroxyl radicals that attack organic 
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compounds. In the Photo-Fenton process, UV light further accelerates the reaction by energizing Fe²⁺ ions, producing 

more hydroxyl radicals and enhancing pollutant degradation [4]. 

Despite some challenges, such as the need for pH control and iron catalyst regeneration, ongoing research is addressing 

these issues, making the Fenton and Photo-Fenton methods increasingly viable for both industrial and municipal water 

treatment [4]. 

 

Fenton and Photo-Fenton Reactions: 

The Fenton and Photo-Fenton reactions are both chemical processes that involve the use of iron (Fe) to generate highly 

reactive hydroxyl radicals (•OH), which are powerful oxidizing agents. These reactions are often used in environmental 

chemistry for the degradation of pollutants, especially in wastewater treatment. Here’s a simple breakdown of each 

reaction [5]. 

 

Fenton Reaction 

The Fenton reaction is a classic process in which hydrogen peroxide (H₂O₂) reacts with ferrous iron (Fe²⁺) in an acidic 

solution, producing hydroxyl radicals (•OH) and hydroxide ions (OH⁻). 

 

Reaction: 

Fe2++H2O2→Fe3++OH−+⋅OH 

Fe²⁺ (ferrous iron) is the catalyst. 

H₂O₂ (hydrogen peroxide) is the oxidant. 

The reaction produces hydroxyl radicals (•OH), which are highly reactive and can break down organic pollutants. 

The reaction occurs in acidic conditions, typically around pH 3.0 to 4.0 [6]. 

 

Photo-Fenton Reaction 

The Photo-Fenton reaction is an extension of the Fenton reaction, where the process is enhanced by ultraviolet (UV) 

light. The UV light helps regenerate the Fe²⁺ (ferrous iron) from Fe³⁺ (ferric iron), making the process more efficient. 

This means that the reaction proceeds more quickly, and more hydroxyl radicals are produced. 

 

Reaction: 

Fe3++UV light→Fe2++H2O2 

UV light drives the regeneration of Fe²⁺, making the process continuous and more efficient. 

The photo-Fenton reaction is particularly useful for degrading pollutants that are difficult to break down using just the 

Fenton reaction [7]. 

 

II. COMPARISON BETWEEN FENTON REACTION AND PHOTO FENTON REACTION 

Here’s a comparison between the Fenton and Photo-Fenton reactions : [8-9]. 

Aspect Fenton Reaction Photo-Fenton Reaction 

Key Components Ferrous iron (Fe²⁺), Hydrogen peroxide

(H₂O₂) 

Ferrous iron (Fe²⁺), Hydrogen peroxide (H₂O₂), UV

light 

How it works Fe²⁺ reacts with H₂O₂ to produce hydroxyl 

radicals (•OH) in acidic conditions. 

UV light is used to regenerate Fe²⁺ from Fe³⁺, allowing

continuous production of hydroxyl radicals. 

Efficiency Limited efficiency as the reaction slows 

once Fe²⁺ is converted to Fe³⁺. 

More efficient, as UV light regenerates Fe²⁺, making 

the process continuous. 

Speed Slower due to Fe³⁺ buildup and decreased

reaction rate. 

Faster, due to the regeneration of Fe²⁺ by UV light,

allowing continuous radical generation. 

Pollutant Effective but can slow down with more More effective and faster degradation of a wide range of
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Degradation complex pollutants. pollutants. 

Best for Controlled oxidation in simpler applications. Advanced and continuous pollutant degradation,

especially for tougher contaminants. 

Energy 

Requirements 

Low (no UV light needed). Higher (requires UV light to regenerate Fe²⁺). 

 

III. MECHANISM OF THE FENTON AND PHOTO-FENTON REACTIONS 

Fenton Reaction Mechanism: 

The Fenton reaction involves the generation of hydroxyl radicals (•OH), which are powerful oxidizing agents capable 

of degrading organic pollutants. The mechanism is as follows: 

Fe²⁺ Activation: The ferrous ion (Fe²⁺) reacts with hydrogen peroxide (H₂O₂) in an acidic medium (pH 3.0-4.0) to 

produce a hydroxyl radical (•OH) and a ferric ion (Fe³⁺). 

 

The reaction can be summarized as: 

Fe2++H2O2→Fe3++OH−+⋅OH 

Generation of Hydroxyl Radicals: The hydroxyl radicals (•OH) produced in this reaction are highly reactive and play a 

key role in the degradation of organic pollutants. These radicals attack the organic contaminants, breaking them down 

into simpler, often non- toxic by-products such as carbon dioxide and water. 

Regeneration of Fe²⁺: In this reaction, Fe³⁺ is formed, but it can be reduced back to Fe²⁺ through other reactions (e.g., 

electron transfer from organic substrates), thus allowing the cycle to continue 

The Fenton reaction is highly efficient in breaking down a broad range of organic pollutants, but its efficiency can 

decrease as Fe²⁺ gets oxidized to Fe³⁺, slowing the process. This is where the Photo-Fenton reaction comes in for 

improvement [10]. 

 

Photo-Fenton Reaction Mechanism: 

The Photo-Fenton reaction is an extension of the Fenton reaction that uses ultraviolet (UV) light to enhance the process. 

UV light assists in regenerating Fe²⁺ ions, which accelerates the reaction, allowing for more hydroxyl radicals to be 

produced. Here’s how the Photo-Fenton mechanism works: 

UV-Induced Regeneration of Fe²⁺: The Fe³⁺ produced in the Fenton reaction is reduced back to Fe²⁺ by the action of 

UV light. The UV light excites the Fe³⁺ ion, causing it to release an electron, which reduces Fe³⁺ to Fe²⁺. 

 

This can be represented as: 

Fe3++hν(UV)→Fe2++hν(energy released) 

Production of Hydroxyl Radicals: The regenerated Fe²⁺ can then react again with hydrogen peroxide to produce 

additional hydroxyl radicals: 

Fe2++H2O2→Fe3++OH−+⋅OH 

Continuous Cycle: UV light ensures the continuous regeneration of Fe²⁺, maintaining the reaction's efficiency. This 

makes the Photo- Fenton process more efficient compared to the traditional Fenton process, as it accelerates the reaction 

rate and allows for a more sustained production of hydroxyl radicals. [11]. 

The addition of UV light enhances the degradation of persistent pollutants that are difficult to degrade using the standard 

Fenton process alone. By maintaining Fe²⁺ concentrations and continuously producing hydroxyl radicals, the Photo-

Fenton reaction becomes a more effective and faster method for removing organic pollutants [11]. 

 

Applications and Advantages of Fenton and Photo-Fenton Reactions in Water Treatment 

The Fenton and Photo-Fenton reactions offer several distinct advantages when applied to water treatment and the 

degradation of pollutants. Some of these benefits include: 
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Efficiency: Both methods can degrade a wide range of pollutants, including synthetic dyes, pesticides, and 

pharmaceutical residues, with high efficiency. 

Minimal by-products: The main by-products of the reactions are typically non-toxic compounds such as water and 

carbon dioxide, making them safe and sustainable. 

Low operational costs: The Fenton process uses inexpensive reagents like iron salts and hydrogen peroxide, making it a 

cost-effective solution for large-scale treatment. 

Enhanced degradation: The Photo-Fenton process is particularly beneficial for the treatment of more persistent and 

recalcitrant pollutants that are resistant to traditional treatment methods. 

Despite their advantages, the practical implementation of Fenton and Photo-Fenton processes also comes with 

challenges, such as the need for precise control of pH levels, iron catalyst regeneration, and hydrogen peroxide dosing. 

Nonetheless, ongoing research and optimization efforts are addressing these issues, making these techniques 

increasingly viable for use in both industrial and municipal water treatment applications [12]. 

 

Future opportunities And difficulties 

The Fenton and Photo-Fenton reactions offer great potential for environmental remediation, particularly in treating 

pollutants in water, soil, and air. These reactions could be integrated with solar energy to make them more sustainable 

and cost-effective, especially in developing countries with limited resources. They can also promote sustainable 

industrial practices by treating wastewater in sectors like textiles and chemicals. 

However, challenges remain, such as the high cost of UV light for the Photo-Fenton process, difficulties in regenerating 

the iron catalyst, and the potential formation of harmful by-products. The reactions also require acidic conditions, which 

can add operational complexity, and scaling up the process for large applications is a challenge. Despite these issues, 

further research could make these processes more efficient, cost- effective, and widely applicable in environmental and 

industrial settings. 

In addition to their environmental applications, the Fenton and Photo-Fenton reactions could play a crucial role in 

advancing sustainable water treatment technologies. As industries face increasingly stringent regulations on waste 

disposal, these reactions offer a promising solution for treating complex wastewater, reducing the environmental impact 

of industrial operations. The Photo-Fenton process, which can be powered by solar energy, could significantly lower the 

operational costs, making it a more attractive option for remote areas or places with limited access to electricity. 

Additionally, these reactions can be integrated with other advanced oxidation processes (AOPs) to further improve their 

effectiveness in degrading a wider variety of pollutants, including pharmaceuticals, personal care products, and 

endocrine disruptors, which are often difficult to remove using conventional methods. 

On the other hand, the scalability of the process remains a major hurdle, particularly when it comes to controlling 

reaction parameters like pH, UV intensity, and catalyst recovery. Large-scale deployment may also face challenges due 

to the formation of unwanted side-products that require further treatment. Despite these difficulties, ongoing research 

into optimizing catalyst use, enhancing the regeneration process, and reducing energy consumption could make Fenton 

and Photo-Fenton reactions an essential tool in the fight against pollution and environmental degradation in the coming 

years 

 

IV. LITERATURE REVIEW 

1. Fenton and Photo-Fenton reactions hold significant potential for the degradation of water pollutants, and research is 

ongoing to explore their effectiveness and optimize their conditions. Much of the current research focuses on fine-

tuning the reaction parameters to enhance their efficiency, particularly in the treatment of various pollutants, and 

understanding their detailed reaction mechanisms. 

2. One area of investigation is the potential of Fenton and Photo-Fenton reactions for treating pharmaceutical 

wastewater. Preliminary studies suggest that both reactions could be effective in removing pharmaceutical residues, 

with the Photo-Fenton reaction showing promising results for faster degradation rates compared to Fenton alone (Wu et 

al., 2018). However, further research is needed to determine the scalability and efficiency of these reactions for 

different types of pharmaceutical compounds in real-world wastewater. 
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3. Additionally, researchers have explored the degradation of bisphenol A (BPA) using Fenton-like reactions with 

various catalysts, including iron, copper, and cobalt. Initial findings indicate that the Fenton-like reaction with Fe as a 

catalyst showed superior degradation efficiency (Mohamed et al., 2018). Despite these promising results, more work is 

required to investigate the potential of other catalysts and determine their optimal usage in Fenton and Photo-Fenton 

processes. 

4. The Photo-Fenton reaction has also been applied to the removal of organic pollutants such as dyes and pesticides. 

Studies have shown that under UV light, the degradation rate of pollutants like methyl orange is significantly 

accelerated (Zhang et al., 2019). While these findings are promising, further research is essential to understand the 

broader applicability of this reaction for various organic contaminants, particularly those with complex molecular 

structures. 

5. Researchers are also working to deepen the understanding of the mechanisms behind Fenton and Photo-Fenton 

reactions. For instance, studies on the degradation of tetracycline hydrochloride have highlighted a complex mechanism 

involving the generation of hydroxyl radicals, which are key to breaking down the pollutants (Lu et al., 2020). 

However, a more comprehensive understanding of the reaction pathways and radical formation processes is still needed 

to improve efficiency and reduce by-products in these treatments. 

6. Furthermore, studies have examined the effects of reaction conditions, such as pH, on the efficiency of the Photo-

Fenton reaction. Initial results suggest that acidic conditions enhance the degradation of BPA due to an increase in 

hydroxyl radical production (Elnaggar and El- Sayed, 2018). However, more work is required to optimize pH levels and 

other reaction conditions to maximize the performance of these reactions in diverse wastewater scenarios. 

 

V. CONCLUSION 

The Fenton and Photo-Fenton reactions demonstrate considerable potential for the degradation of a wide range of water 

pollutants, including organic compounds like dyes, pesticides, and pharmaceutical residues, as well as inorganic 

contaminants such as heavy metals. The Fenton process, operating through the generation of hydroxyl radicals, is 

effective under optimized conditions, typically achieving high removal efficiencies for various pollutants. However, 

challenges such as the careful control of pH, hydrogen peroxide stability, and iron sludge formation can limit its 

practical applications. 

The Photo-Fenton process, which incorporates UV light to enhance the production of hydroxyl radicals, offers 

improved efficiency, particularly for more persistent pollutants that are resistant to traditional treatment methods. The 

use of solar light in Photo-Fenton reactions further enhances its sustainability, making it a promising solution for large-

scale and cost-effective water treatment, especially in regions with abundant sunlight. 

Despite the advantages, both processes face hurdles like the high operational costs associated with hydrogen peroxide 

and the regeneration of the iron catalyst. Ongoing research aims to address these challenges by optimizing reaction 

parameters, improving catalyst stability, and minimizing by-product formation. Furthermore, scaling up these processes 

for industrial applications requires careful consideration of energy consumption, cost-effectiveness, and the 

management of residual iron sludge. In conclusion, both the Fenton and Photo-Fenton processes offer valuable tools for 

advanced water treatment, especially in tackling organic and inorganic pollutants. With continued advancements in 

process optimization and sustainability, these methods have the potential to play a key role in addressing global water 

pollution issues, offering a cleaner and more sustainable future for water resources. 
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