International Research Journal on Advanced Engineering
and Management
https://goldncloudpublications.com

{
{ \RJAEM }
o ——

e ISSN: 2584-2854
Volume: 02

Issue: 04 April 2024
Page No: 984-988

i/ _éi ]

i https://doi.org/10.47392/IRIAEM.2024.0130

Electrochemical Oxidation of Organic Compounds and the Creation of Metal

Oxide Nanocomposites
Sakshi Mokashi®, Anil Sharma 2, Anil Parlikar®

Research Scholar, Kalinga University, Raipur, Chattisgarh, India.

2Professor, Kalinga University, Raipur, Chattisgarh, India.

3Assistant Professor, SVPM’s College of Engineering, Malegaon(BK), Baramati, India.

Email 1d: ssmokashi@engg.svpm.org.int,registrar@kalingauniversity.ac.in? asparlikar@engg.svpm.org.in®

Abstract

Electrochemical regeneration suffers from low regeneration efficiency due to side reactions like oxygen
evolution, as well as oxidation of the adsorbent. Utilizing the solution cast method, we three alternative
strategies for producing Cr203 nanoparticle-laden polyvinyl alcohol (PVA) solid polymer films. The peaks in
the FTIR spectrum at molecular vibration and chemical bonding frequencies indicate that Cr203 is present

in the PVA polymer structure.

Keywords: Metal Oxide Nanocomposites; Organic Compounds; Electrochemical Oxidation.

1. Introduction

Because of its versatility, low capital cost, and high
treated water purity, adsorption is a promising
approach for the removal of soluble and insoluble
organics from wastewater effluents. Nevertheless,
due to constraints that limit disposal, such as the
toxicity of the adsorbate and the high cost of
replacing adsorbent, managing the loaded adsorbent
may be difficult. Recovering the adsorptive ability
of the loaded adsorbents by electrochemical
regeneration has shown promising results. While
activated carbon has a high adsorptive capacity,
early investigations of electrochemical regeneration
indicated that it required extended regeneration
durations, leading to considerable energy
consumption. This is mostly attributable to activated
carbon's porous surface and poor conductivity.
Nonporous and highly conductive graphite
intercalation compound (GIC). This material was
shown to have a high efficiency of regeneration but
a limited capacity for adsorption. Due to its
nonporous surface, large surface area, and high
electrical conductivity, reduced graphene oxide
(rGO)/ magnetite was selected as the adsorbent in
the prior work. The results showed that rGO/
magnetite has a good, regenerable adsorptive
ability. The electrochemical regeneration process,

however, oxidized and corroded the adsorbent.
Adsorption oxidation is also similar for a GIC
adsorbent. It is thought that direct electron transfer
is the major route for organic oxidation, despite the
fact that graphitic materials exhibit characteristics of
both active and inactive electrodes. This is probably
also the primary cause of the graphene’s oxidation.
2. Nanoscience and Nanotechnology

Several of the most important technologies of the
21st century rely on developments in nanoscience
and nanotechnology. It's the creation and
application of substances at the lowest imaginable
dimensions. All of the other scientific fields can
make use of these materials [1]: chemistry, physics,
materials science, biology, and engineering.
Richard Feynman, a physicist, gave a talk titled
"There's Plenty of Space at the Bottom™ at a
conference of the American Physical Society on
December 29, 1959 at the California Institute of
Technology (CalTech). In his presentation,
Feynman outlined a plan for manipulating the
actions of individual atoms and molecules. The term
"nanoscience” is used to describe the field that
investigates and manipulates materials and
phenomena at the sub-atomic, atomic, molecular,
and macromolecular levels. Nanotechnologies
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include everything from conceptualization to

production to application of structures, gadgets, and

systems that modify size and form on an atomic
scale [2]. Nano is taken from the Greek word
meaning "dwarf,"” therefore the name.

Nanotechnology operates on a scale below which

human perception typically operates. One

nanometer is equivalent to one one-hundred-and-
ninety-nineth of a meter (nm). The following are
examples of common occurrences:

e A human hair is around 80,000 nanometers in
diameter, whereas a red blood cell is 7,000
nanometers.

e Because an inch is equal to 25,400,000
nanometers and a water molecule is only around
0.3 nanometers in diameter,

e The thickness of a sheet of paper is around
100,000 nanometers; on the off chance that a
marble was a nanometer, the breadth of the Earth
would be one meter.

Nanomaterials' altered characteristics may be
attributed to the fact that their surface area is
substantially higher than that of the same quantity of
material generated in a bigger form. The strength
and electrical characteristics of the materials will be
altered, and their reactivity to chemicals will rise.
Quantum effects, which have an influence on the
electrical, optical, and magnetic characteristics of
materials, may become more prominent near the
lower end of the nanoscale. The focus of
nanoscience and nanotechnology is on the study of
phenomena with sizes between 1 and 100 nm.
Nanoscale materials in every one of the three
aspects are practical to make, including slight
movies, layers, and coatings from one viewpoint,
nanotubes, strands, and nanowires on the other (for
example, quantum dots, nanoparticles, nanorings,
nanoshells, microcapsules).

3. Metal Oxide Nanocomposites

Hazardous industrial effluents, which are not easily

biodegradable and are disposed of improperly, have

recently become the main contributors of

environmental contaminants. Industries utilize a

wide range of chemical goods in their many sub-

sectors, resulting in waste water with a highly varied

level of pollution. For textile dyeing, significant
quantities of dyes from chemically diverse groups,
including basic, diazo, azo, acidic, disperse, and
anthraquinone-based dyes, have been utilized. A
significant fraction of these colors are discharged
into the environment as wastewater. When colored
textile waste is discharged into bodies of water, the
amount of dissolved oxygen decreases, creating
hazardous circumstances for aquatic life. As well as
hurting plants and creatures, contaminated water is
exceptionally awful for the environment. In the
material, food, plastic, paper, printing, drug, and
corrective areas, colors are frequently used as
shading specialists. Since the extra tones are
released into the water, there is ecological concern
[3]. Consistently, various organizations make north
of 10,000 unique colors adding up to around 0.7
million tons for use in different techniques. Natural
mixtures frequently highlight replacement bunches
like azo, nitro, and sulpho, convoluted fragrant sub-
atomic designs, and an engineered beginning. By far
most of colors are impervious to oxidation and light.
They stay in the water, keep daylight from entering
the stream, decrease the photosynthetic reaction,
slow the improvement of sea-going plants and
natural life, and reduce the stream's worth as a
sporting facility. These bright substances are
harmful and malignant growth causing [4]. To meet
customer demands for variety, style, dealing with,
giving wanted characteristics, and so on a wide
assortment of synthetics in colossal sums are used
in material wet handling. A portion of these
substances, including colors and completing
mixtures, remain joined to the materials, yet a huge
part of these substances stay in the handled water,
dirtying the water. Figure 1 shows an information/
yield examination for a wet handling unit.

The fundamental issue with conventional methods
is that they need further treatment or disposal of
industrial effluents as a result of their reliance on
phase-transfer technologies. Although biological
treatments (bioremediation) are less costly in the
long run, they also take a long time until the effluent
is once again considered safe. They would also
generate a substantial quantity of sludge, the most
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majority of which is not recyclable. Using
semiconductor photocatalysis, it may be possible to
safely and effectively remove certain contaminants,
most notably dyes, without negatively impacting the
environment. For the oxidative obliteration of a
great many natural mixtures, the semiconductors
ZnO and TiO2 have demonstrated to be the best
photocatalysts to date [5].
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Figure 1 Analyzing the Inputs and Outputs of
the Textile Finishing Process

As heterogeneous photocatalysis is a more
productive oxidation process, it has gotten more
noteworthy consideration. The utilization of
nanosized semiconductors as photocatalysis to start
interfacial redox processes has accumulated critical
consideration on the grounds that to the exceptional
physicochemical properties coming about because
of their nanosized aspects and high surface to
volume  proportion.  The  metal  oxide
semiconductors TiO2, ZnO, WO3, SrTiO3, and
Fe203 have all been demonstrated to be powerful
photocatalysts. High level oxidative cycles (AOPS)
have gotten the interest of researchers because of
their improved proficiency and life expectancy.
These techniques produce very responsive hydroxyl
revolutionaries utilizing solid oxidizing specialists
(03, H202) or potentially impetuses (Fe, TiO2)
regardless of an illumination source (Goodness).
Organic molecules in industrial effluents may be
mineralized Dby the radicals. Heterogeneous
photocatalysis is one of several AOPs that has
recently attracted a lot of interest, particularly for its
potential to be used in the textile industry's effluent

degradation. One potential use for inorganic
semiconductors is in the photocatalytic destruction
of organic contaminants. Electron-hole pairs may be
generated by exposing semiconductor particles to
light at high enough energies. As these pairs reach
the particle's surface, they may react with molecules
that have been adsorbed to produce free radicals.
Highly reactive free radicals like carbon dioxide
(CO2), water (H20), sulfur dioxide (SO2), and
simple mineral acids may degrade organic
contaminants [6].

4. Chemical Oxygen Demand (COD)

Water's organic molecule concentration is often
estimated using a surrogate, the chemical oxygen
demand test. As COD may be used to quantify
organic contaminants in both surface water (such as
lakes) and wastewater, it provides valuable insight
into water quality. All water quality management
plans should include COD testing since it is a
reliable indication of water quality. For 1 L
solutions, the oxygen consumption rate is written as
milligrams per liter (mg/L) or parts per million
(ppm). The chemical oxygen demand (COD) test is
based on the fact that under acidic circumstances,
almost all organic molecules may be completely
oxidized to carbon dioxide (CO2), ammonia (NH3),
and water (H20).

4.1 Potassium Dichromate Method (K2Cr207)
A water sample is treated with potassium
dichromate as an oxidant and then digested at high
heat in acidic conditions for two hours. Using silver
sulfate as a catalyst, mercuric sulfate may undergo a
chemical reaction that results in mercuric chloride.
The amount of electrons required to convert Cr6+ to
Cr3+ is a surrogate measure of oxidation that may
be taken during digestion. This may be achieved by
either titration or spectrophotometry. In an acidic
environment, potassium dichromate becomes a
potent oxidant (Sharpness is normally accomplished
by the expansion of sulfuric corrosive). Generally
speaking, a 0.25 N arrangement of K2Cr207 is
utilized to decide COD, in spite of the fact that for
tests with a COD of 50 mg/L, a 0.15 N arrangement
works better. As with other redox reactions, the
oxidation of organic compounds in the water sample
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results in the production of Cr3+ and the reduction
of K2Cr207. Indirect analysis of the organic content
of a water sample may be used to determine the
quantity of Cr3+ after oxidation has taken place.
4.2 Measurement of Excess
K2Cr207 (or another oxidizing chemical) must be
used in large doses to completely oxidize all organic
matter. After the oxidation process is complete, the
amount of Cr3+ may be determined by gauging the
concentration of K2Cr207 left behind. Ferrous
ammonium sulfate (FAS) is titrated against the
excess K2Cr207 after all of the oxidizing agent has
been converted to Cr3+. An Indicator of Oxidation
and Reduction, at this point in the titration process,
ferroin is often added. The Ferroin indicator's color
goes from blue-green to reddish-brown after the
surplus dichromate has been removed. Adding FAS
to a sample makes it seem as if additional K2Cr207
has been added to the mixture. The indicator's color
will progress from green to blue to reddish brown
by the time the titration is complete.
4.3 Calculations
COD is determined using the following formula:

8000(b — s)n

sample volume

COD —

Where: b = FAS volume used in the blank sample,
s = FAS volume in the original sample, and

n = FAS normality.

If volumes are always reported in milliliters, the
COD calculation output will be in mg/L.

5. Electrochemical Oxidation and Degradation
All living things depend on water to stay alive. The
agricultural, cattle-raising, tourism, medicinal, and
industrial sectors may all benefit from its usage as
well as the obvious human consumption. Water
pollution is anticipated to worsen as
industrialization and urbanization proceed at a faster
rate, releasing more garbage into the environment
through waterways. Water contaminated with
chemicals including dyes, herbicides, insecticides,
cosmetics, and medications has been the subject of
several studies [7]. One of the most perceptible
marks of water pollution is the presence of colors in

shaded effluents. Color and the toxicity of some of
the fundamental chemicals used to synthesize colors
may cause dye molecules to get unwarranted
attention, despite the fact that they are not often the
major source (such as some aromatic amines).
While dyestuffs are frequently discovered in
effluents at quantities lower than any other
component reported in these wastewaters, they
nonetheless pose a substantial aesthetic challenge in
wastewater disposal. Although the textile industry
makes use of many different technologies,
enormous amounts of water are required throughout
the dying, mending, and washing processes. Textile
production wastewater often includes suspended
particulates, a high concentration of dissolved
solids, and unreacted dyestuffs and auxiliary
chemicals. The opacity and gas solubility of water
are drastically altered by dye concentrations as low
as 10-20 mg/L. In the textile business, reactive dyes
account for around half of the dye market (the azo
group is used as chromophore 70% of the time,
followed by the anthraquinone group). Before
releasing toxic water into the environment, it is
crucial to cleanse the water supply. That's why it's
crucial to use the environmentally friendly method
of electrochemical oxidation and disintegration of
organic compounds. Degradation of organic
compounds by electrochemistry has potential as a
method for eliminating biodegradable contaminants
to treat wastewater from color houses,
electrochemical strategies for disposing of natural
pollutants and bringing down the COD and BOD. If
the statutory concentration limitations cannot be
satisfied by more conventional means, or if there are
substantial economic benefits to be had from doing
so, then the alternatives must be used. This method
is significantly easier to implement than
conventional wastewater  treatment. The
electrochemical  process consists of two
fundamental phases (i.e., direct and indirect). There
are no intermediary intermediates in direct
oxidation, which uses inert electrodes. In indirect
oxidation, an electrochemically produced redox
agent mediates the transport of electrons between
the electrode and the substrate. After generating
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hydroxyl radicals (*OH) in wastewater treatment, all
that is left is water, carbon dioxide, and some
inorganic salts. As it does not produce sludge and
may potentially operate under  moderate
temperatures, the electrochemical technique to
treating textile waste water is cost-effective and
low-impact. This technique eliminates the dye and
lowers the COD in the effluent by oxidizing the dye
at the anode. It's possible that organic colors may be
oxidized using the electrochemical approach.

MOx +"OH —— MOx (OH)+ ¢
MOx (OH)+ D —» xCO, +x¢”+ zH"

MOx (OH)+ D — 1/2C0O, +e” +MOx
Where, M = Anode Site; D = Dye Molecule

This points to the production of oxidized
intermediates, whose continuing breakdown
eventually kills the dye molecule. Szpyrkowicz et
al. examined the electrochemical debasement of
color gushing utilizing a Ti/ Pt-lIranode, and they
observed that circuitous oxidation within the sight
of chloride particles was liable for the decline in
contaminations. Comparable oxidation techniques
for material color effluents are given by
Vijayaraghavan et al. [8], who use graphite as the
anode and create hypochlorous corrosive on
location. Electrochemical debasement of corrosive
green color in wastewater dyestuff arrangements has
been concentrated by N.M. Abu Ghalwa et al., who
utilized a titanium cathode covered with lead oxide.
Quick and productive expulsion of sulfur dark and
corrosive green colors from watery arrangements at
low ebb and flow densities and temperatures was
noticed utilizing the combined PbO2/ Ti anode.
Electrochemical debasement of phenol by Ti/
RuO2-Pt and Ti/ IrO2-Pt cathodes is portrayed by
Miao Li et al. Ti/ RuO2-Pt and Ti/ IrO2-Pt anodes'
reactant movement toward phenol was examined
concerning current thickness, NaCl measurements,
and starting phenol fixation [9]. Research on the
electrochemical corruption of mash and paper
profluentwas ttemptedby Pooppanna Antony

Soloman et al. Concentrating on the impacts of a
RuO2-covered titanium  cathode on the
electrochemical corruption of rural waste from the
mash and paper industry [10].

Conclusion

Dye pollution in colorful effluents is a very visible
sign of water contamination. Despite the fact that
they are not often the primary source, dye molecules
may garner a lot of attention because of their vivid
hues and the toxicity of some of the basic
compounds used to create colors (such as some
aromatic amines).
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