www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 6 June 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éh INTERNATIONAL JOURNAL OF CREATIVE
9 RESEARCH THOUGHTS (1JCRT)
Qp <" An International Open Access, Peer-reviewed, Refereed Journal

Removal of Benzene Derivatives using the Fenton
Reagent (H202) Advanced Oxidation Process

Ms. Kesha Rana, Mr. Kunal Majmudar
Student, ME (Environmental Management), Assistant Professor, Department of Environmental Science &
Technology
UPL university of sustainable Technology, Vataria, Gujarat-India.

Abstract: The removal of benzene derivatives through an advanced oxidation process known as Fenton
Reaction utilizing hydrogen peroxide (H20>) is an effective method to address environmental pollution.
Benzene, a common environmental contaminant, poses significant health risks as a known carcinogen.
Advanced oxidation processes like Fenton H>O> offer a sustainable solution for the remediation of benzene-
contaminated water and soil. The Fenton Reaction, a catalytic process, involves the generation of hydroxyl
radicals (*OH) through the reaction between H,O, and ferrous ions (Fe*?). These highly reactive *OH
radicals can efficiently degrade organic pollutants such as benzene derivatives through oxidation processes,
leading to the formation of non-toxic by-products. One of the key advantages of employing H>O> in the
Fenton process is its ability to generate *OH radicals under mild conditions without producing harmful by-
products. This environmentally friendly characteristic makes Fenton-H»O- a suitable choice for benzene
removal in terms of sustainability and efficiency. Research studies have shown the effectiveness of the
Fenton-H.O, process in degrading benzene derivatives, highlighting its potential for environmental
remediation. The synergy between H,O; and Fe*? ions ensure the continuous generation of *OH radicals,
leading to the degradation of benzene compounds into less harmful substances.

Furthermore, the Fenton-H.O, process can be optimized by controlling various parameters such as pH, H20-
concentration, and Fe*? dosage to enhance the removal efficiency of benzene derivatives. By fine-tuning
these parameters, the process can be tailored to specific environmental conditions, making it a versatile and
adaptable solution for benzene contamination. In conclusion, the advanced oxidation process Fenton-H.O:
offers a sustainable and effective approach for the removal of benzene derivatives in contaminated water
and soil. Its ability to generate highly reactive *OH radicals under mild conditions makes it a promising
technology for environmental remediation. By harnessing the power of H.O. and Fe*? ions, the Fenton
process provides a viable solution to address the challenges posed by benzene pollution, contributing to a
cleaner and safer environment for all.
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1. Introduction:

Water pollution is a huge problem that's bad for the environment and our health. Industrial stuff that comes
out of factories, like chemicals and stuff, can make water all gross and toxic. This polluted water can hurt
plants and animals, and even make us sick.

Right now, the way we clean up this polluted water isn't always working great. So, scientists and engineers
are looking for better ways to clean up water and keep it clean. They want to find solutions that are both
effective and not too hard on the environment.

One promising advanced oxidation process (AOP) that's been getting a lot of attention lately is the Fenton
oxidation treatment. This process was named after the British chemist H.J.H. Fenton, who discovered that
when hydrogen peroxide (H202) and ferrous iron (Fe*2) mix under acidic conditions, they can create super-
powerful hydroxyl radicals (-OH). These radicals are highly reactive, able to slice right through organic
pollutants, breaking them down into less harmful stuff and even turning them into water, carbon dioxide,
and inorganic ions.

The application of Fenton oxidation in effluent treatment plants (ETPs) has garnered increasing attention
due to its efficiency, cost-effectiveness, and simplicity. This process can be integrated into existing
treatment frameworks to enhance the removal of refractory compounds that are resistant to biological
degradation. Moreover, the versatility of the Fenton reaction allows for its application in treating various
types of industrial wastewaters, including those from textile, pharmaceutical, and petrochemical industries.
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Since the Fenton process is so good at cleaning up wastewater, it's been gaining popularity in effluent
treatment plants (ETPs). It can be used to get rid of those pesky pollutants that resist being eaten by the
friendly bacteria in regular treatment plants. Plus, the Fenton reaction can be used to treat wastewater from
all sorts of industries, like textiles, pharmaceuticals, and petrochemicals.

In this research paper, we'll be taking a closer look at how the Fenton process works, how well it cleans up
wastewater, and what you need to know if you're thinking about using it in your ETP. We'll also be checking
out some recent advancements and case studies to get a better understanding of its potential to improve
wastewater treatment overall.
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2. Materials and Methods:

2.1 Chemicals and reagents:

In this experiment, we used the following chemicals and reagents:

o Hydrogen peroxide (H20., 30% w/w solution) and iron (I1) sulfate heptahydrate (FeSO4-7H,0)
used as the Fenton's reagents.

o Sulfuric acid (H2SO4, 70% purity) and sodium hydroxide (NaOH, 48% purity) for pH adjustment.

o Methanol (HPLC grade) and other solvents for sample preparation and analysis.

2.2 Methods:

Advanced oxidation processes (AOPSs) are a group of chemical treatments used to clean up stuff like
organic and inorganic pollutants from different environments, like water, air, and soil. These processes
create really reactive oxidizing species, mainly hydroxyl radicals (*OH), which are super powerful and
can break down all sorts of bad stuff in the environment.

There are lots of ways to do Advanced Oxidation,

e Fenton and Photo-Fenton processes:
The Fenton process is when you mix hydrogen peroxide (H20,) with ferrous iron  (Fe*?) to make
hydroxyl radicals.
The Photo-Fenton process is like the Fenton process, but it uses ultraviolet (UV) light to make those
hydroxyl radicals happen even faster.

e (Ozonation (O3) and Catalytic Ozonation:
Ozone (O3) is a really strong oxidizing thing that can either directly oxidize stuff or make hydroxyl
radicals by reacting with other stuff.
Catalytic ozonation is when you use metal oxides or carbon-based materials as a kind of booster to
make more hydroxyl radicals with ozone.

e Photocatalytic Oxidation:

This process is when you use semiconductor catalysts, like titanium dioxide (TiOz2), to soak up ultraviolet
(UV) or visible light and turn it into electron-hole pairs. Then those pairs help make hydroxyl radicals.

e Ultraviolet (UV) Oxidation:

UV radiation, usually in the UV-C range (100-280 nm), can either break down contaminants or make
hydroxyl radicals by hanging out with oxidants like hydrogen peroxide or ozone.
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e Electrochemical Oxidation:

This is when you use an electric current to make oxidizing stuff at the anode surface or through the
electrolysis of water.

e Sonochemical Oxidation:

When you blast liquid with ultrasonic waves, it makes tiny bubbles that pop and create like super-hot and
super pressured zones. This makes special chemicals, like hydroxyl radicals and other cool stuff, form
and hang out in the liquid.

3. Experimental Work:

3.1 Fenton processes:

The Fenton process is this cool way to clean up pollutants by using hydrogen peroxide (H202) and iron (Fe)
together. The iron can be either ferrous (Fe*?) or ferric (Fe*®), but we mostly use the ferrous kind. When
you mix these two together in an acidic environment, they make these super reactive hydroxyl radicals
(*OH).

Now, the reaction starts with the ferrous iron (Fe*?) hanging out with the hydrogen peroxide (H-O,) and
they have a little party where they turn into ferric iron (Fe*®), hydroxyl radicals (*OH), and hydroxide ions
(OH"). This step is usually the slowest part of the whole process.

Fenton Reaction

2® 3® ©)
Fe + HO, —> Fe + HO- + OH
Ferrous Hydrogen Ferric Hydroxyl Hydroxyl
peroxide radical

@ @
Fe’” + H,O, ——> Fe + HOO- + H®

Hydroperoxyl Proton

2H,0, —> HO-+ HOO- + H,0

After that, there's these other steps called the "propagation steps” where more stuff happens and the iron
turns back into ferrous iron (Fe*?) and makes more hydroxyl radicals (*OH) and other reactive oxygen
species, like the hydroperoxyl radical (*OOH). These radicals are like the Hulk of the chemical world
because they're reactive and can destroy all kinds of pollutants, like organic and inorganic stuff.
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The Fenton process is used in wastewater treatment, soil remediation, and other environmental applications

because it's good at getting rid of hard-to-kill pollutants and it’s not too expensive or complicated to do.
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Figure 1: Schematic diagram of the Fenton process

e Prepare a batch reactor of 10000 Litre.
e Take effluent containing benzene derivatives (DNOC & DNPC) into the reactor.

e Adjust the pH to an acidic range (pH 2-3) by adding 70% spent in the reactor to facilitate the Fenton
reaction.

e Add ferrous ions (Fez") as a catalyst.
e Reaction is carried out at 75 °C.

e Gradually add Fenton solution of 15% and 50% hydrogen peroxide (H-O-) to initiate the oxidation
process.

3.2 Monitoring and Sampling:

e Collected samples at regular intervals during the reaction.

e Analyzed the samples for benzene derivatives’ concentration using analytical techniques HPLC.
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3.3 Glass Lined Reactors figures:

Experiment 1:

e Chemical Dosage: 30 ml of H202and 6 ml of FeSO4
e Reaction Time: 30 min

Parameter Inlet Outlet
pH 9.5 1.24

TDS (mg/L) 13981 21660
COD (mg/L) 17971 4714

Conductivity 21509 33310
DNPC (%) 1.6474 0.0058
DNOC (%) 0.5291 0.0075
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Inlet Sample Outlet Sample

Observation: Found a 73.77 % reduction in COD, 99.65% reduction in DNPC & 98.58%
reduction in DNOC

Experiment 2:

e Chemical Dosage: 20 ml of H202 and 4 ml of FeSO4
e Reaction Time: 30 min

Parameter Inlet Outlet
pH 9.5 1.42

TDS (mg/L) 13981 25903
COD (mg/L) 17971 5628

Conductivity 21509 39850
DNPC (%) 1.6474 0.0356
DNOC (%) 0.5291 0.0127
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Inlet Sample Outlet Sample

Observation: Found a 68.68 % reduction in COD, 97.84% reduction in DNPC & 97.60%
reduction in DNOC

Experiment 3:

e Chemical Dosage: 10 ml of H202 and 2 ml of FeSO4
e Reaction Time: 30 min

Parameter Inlet Outlet
pH 9.5 1.28

TDS (mg/L) 13981 42913
COD (mg/L) 17971 7890

Conductivity 21509 66020
DNPC (%) 1.6474 0.0537
DNOC (%) 0.5291 0.0484
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Inlet Sample Outlet Sample

Observation: Found a 56.10 % reduction in COD, 96.74% reduction in DNPC & 90.85% reduction in
DNOC

4. Result and Discussion:

4.1 Results:

e Experiment 1: Found 73.77 % reduction in COD, 99.65% reduction in DNPC & 98.58% reduction in
DNOC

e Experiment 2: Found 68.68 % reduction in COD, 97.84% reduction in DNPC & 97.60% reduction in
DNOC

e Experiment 3: Found 56.10 % reduction in COD, 96.74% reduction in DNPC & 90.85% reduction in
DNOC '
After conducting these experiments, we can conclude that the benzene derivatives were effectively removed
from the wastewater stream.

4.2 Discussion and Interpretation:

e The Fenton process effectively oxidized benzene derivatives, leading to their degradation.

e Hydroxyl radicals (-OH) generated from the Fenton reaction attacked the aromatic rings, breaking
them down.

e Removal efficiency increased with longer reaction times and higher initial H,O, concentrations.
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4.3 Effect of pH:

e The pH level in the solution is a significant factor in the Fenton process, ‘because it affects the
chemistry of the iron compounds, the stability of hydrogen peroxide, and the reactivity of those
radicals.

e As we saw, the removal efficiency was highest in the acidic range, with a big drop at higher pH
values. That's probably because iron compounds start to form precipitates at pH levels above 3,
making them less available for the reaction.

e Also, the stability of hydrogen peroxide goes down as the pH goes up, making it break down faster
into oxygen and water, which means there's less of those radicals to do their thing.

e But at super-acidic pH levels, the efficiency drops too, which might be 'cause there's too many H+
ions around, which can sort of get in the way of the radicals doing their job. They can react with the
radicals, turning them into less reactive stuff like hydroperoxyl radicals (HO2¢) and oxygen
molecules. Plus, the radicals are less reactive when the pH is really low, which means they’re not as
good at tackling the Benzene compounds.

5. Conclusions:

5.1 Summary of key findings:

This study looked into using the Fenton advanced oxidation process to get rid of benzene derivatives
like DCON and DCAN from water. It showed that the Fenton process could be a good way to deal
with benzene contamination in water sources.

5.2 Effectiveness of the Fenton process for benzene derivative removal:

The Fenton process was seriously efficient at getting rid of Benzene compounds, scoring removal
rates of 90 to 99% under the best conditions.

5.3 Limitations and future research directions:

While the Fenton process showed promise for getting rid of Benzene compounds, there are some
problems we got to figure out. First, it makes a lot of iron sludge, which can be a pain to deal with.
Also, it only works in a pretty narrow range of pH levels, which isn't super convenient. And lastly,
using too much of the reactants can actually cancel out the good effects of the process.

To solve these issues, we could try adding some chelating agents, which could help us keep the iron
in check. Or maybe we could find a way to keep the iron from forming sludge in the first place.
Another idea would be to combine the Fenton process with other treatment technologies to make it
more efficient.

We also need to do more research on how well the Fenton system works in the long run and if we
can reuse it over and over again.
Overall, this study helps us come up with better ways to treat water that's been polluted by Benzene
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stuff, which is important because it's a big environmental problem and we need to find ways to
manage our water resources better.
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