Journal of Advances in Science and Technology
Vol. 18, Issue No. 2, September—2021, ISSN 2230-9659

Wastewater treatment by electrochemical
oxidation

Pragya Jain Jaiswal*, Dr. Praveen Kumar Meena®

! Research Scholar, Sardar Patel University, Balaghat (M.P)

? Associate Professor, Sardar Patel University, Balaghat (M.P)

Abstract - Due to its remarkable technological advantages for eliminating a broad variety of contaminants
found in many kinds of wastewaters, such as refractory organic matter,
electrochemical oxidation method has attracted growing attention in recent years. The fundamental
mechanisms of the electrochemical oxidation process are the topic of this review research, which may be
used as a clean, versatile, and strong instrument for eliminating contaminants. The understanding of the
mechanics of electrochemical treating wastewater has progressed throughout time. The explanation of
intermediate products created during the oxidation process and degradation pathways requires a thorough

knowledge of the many kinds of wastewater treatment technologies and processes.
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1. INTRODUCTION

Environmental degradation has been steadily
increasing since the late 19th and early 20th centuries
as a consequence of increased industrial operations.
This has had a profound influence on the climate,
water, and soil. As a consequence of the constraints
imposed by the new law, effective pollution control
measures are required for gaseous emissions and
industrial aqueous effluents, as well as for proper soil
decontamination. Contaminants from many sources
may have accumulated over time due to improper
waste handling, making cleanup a difficult task. Due to
the wide variety of properties of emission occurrences,
there are no general reclamation solutions.

Using effective methods, the goal of wastewater
treatment in its simplest form is to raise the efficacy of
wastewater until it is released into a collection system.
Water is piped into a central, isolated location, where it
is exposed to a variety of treatment procedures before
being discharged. Wastewater treatment may be
categorised by the kind of disposal procedure
employed, such as molecular, chemical, or physical
processes.

When it comes to wastewater treatment, the primary,
secondary, or tertiary procedures are used depending
on the kind of pollutants. In certain circumstances,
chemical abatement of organic compounds in
wastewaters may be unlikely because of the
substrates' biorefractory character

One alternative for wastewater treatment is
electrochemical, which has a number of advantages

including flexibility, environmental friendliness, and
even potential cost savings. Electrochemical
oxidation, both direct and mediated, is an important
issue for numerous research groups and
organisations seeking for new methods for
wastewater control.

Organic and inorganic contaminants may also be
removed from water using electrochemical
treatments. Among the most frequent methods, we
may find electrofloatation, electrocoagulation,
reduction,  electrodeposition, and  oxidation.
Decomposition of pollutants into simpler compounds
or conversion to an oxidation state results in non-
toxic chemicals during the oxidation reaction at the
anode of the reactor. It's mostly used on organic
materials now. Overt or indirect electrochemical
oxidation may be used in wastewater treatment.

Electro catalytic operation, electrochemical stability
of electrode materials, and pollutant degradation
kinetics are the determinants of process
performance, and the goal of this study is to
enhance it. (EO) was initially used to remove
cyanide from a substance. It is possible to destroy a
wide range of organic molecules, including aromatic
compounds, poisons, chemicals, synthetic toxins,
chemical waste, and more, utilising EO. End
products are mostly CO2 and H20, which is an
advantage of this method. According to
stoichiometry, several organic molecules may be
classed as aliphatic. Because it is converted to the
chloride ion, chlorine is not a problem.

bacteria, and others, the
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Decentralized Water Treatment and Reuse

Increasing urban populations will lead to a rise in water
consumption, which will lead to a decrease in
availability. Maintaining water quality and meeting
future water demand would need expanding water
collection, treatment, and distribution systems. The
problem is, however, that this is not a long-term choice.
Increases in water use need centralised systems that
are less efficient because of infrastructure and energy
expenses involved with transporting water from
urbanised areas to centralised treatment facilities.
Alternatives to traditional centralised wastewater
treatment include decentralized/distributed systems. In
addition, a municipality's drinking water and
wastewater services require 30-40% of the entire
amount of energy (Copeland, 2014). Pumping motors
transfer sewage from homes to wastewater treatment
plants and drinkable water from the treatment plant to
end consumers.consume more than three-quarters of
the total energy consumed in these facilities.

In this setting, water treatment technologies might be
used to manufacture reclaimed water on-site and
improve the resilience of typical centralised WMS.
Water treatment and storage facilities that are located
near the site of water collection and reuse, thereby
minimising transportation expenses and providing an
alternate water supply in the event of an emergency,
are known as decentralised systems. The minimal
footprint and low environmental effect of dispersed
wastewater treatment systems are two of its main
advantages. As a result, they may be tailored to meet a
variety of treatment needs As a result, they may be
easily integrated with renewable energy sources,
resulting in lower installation, operation, and
administration costs. Cities' sustainability, resilience,
and liveability are all aided by these systems' ability to
deliver clean water and absorb pollutants with a lower
environmental imprint, as well as their ability to offer
inexpensive water supply.

There are a number of water treatment options that
might help ensure the supply of water in the future,
including decentralised water treatment systems.

Reclaimed Water Sources

Water shortage may be alleviated by the use of
alternative water sources in addition to decentralised
water treatment facilities. As the water reuse
application's requirements change, so does what sort
of treatment is required (EPA). According to studies
from several countries, just a small part of the water
supply requires high purity. Over the last 30 years, a
variety of experts have contributed to the development
of water reuse guidelines.
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Figure 1. Water quality may be improved to any
desired level using treatment methods (EPA,
2012a)

Rain is the common denominator between stormwater
and roofwater, thus they're all connected. When we talk
about rainfall or pure runoff, we're talking about
roofwater. Stormwater, on the other hand, refers to
precipitation that has been collected while travelling
over roads or other surfaces, and may include
contaminants such as chemicals and germs that
cause illness. Stormwater is more polluted than
roofwater, according to this.

Water from bathtubs, showers, sinks in the
bathroom, and washing machinestubs are all
included in GW's definition of water. Water from
kitchen sinks and dishwashers may also be found in
it. It accounts for 70% of the total domestic
wastewater generated in a home, and the bathroom
provides 60% of this percentage. The total amount
of GW created in a home is influenced by a variety
of variables, including family dynamics and the
infrastructure for water supply As an example, a
typical home with no water shortage generates 90-
120 L.p.d.-1 of GW volume on a daily basis. About
55% of it is used for bathing and showering; the
remaining 30% is utilised for washing. The average
quantity of water consumed per day in Australia is
113 L p-1 d -1. Water consumption in a shower or
bath may range from 30 to 62 litres per minute,
according to published data. The amount of water
needed to wash garments is reduced, ranging from
30 to 34 L p-1 d-1. Examples of GW re-use may be
found mostly in industrialised nations, including as
Australia, the United States, Japan, Israel, and
Sweden, where the most prevalent intended re-use
is toilet flushing and groundwater recharging.

The amount and availability of the source are just as
significant as the quality of the source. There is a
continual presence of GW in structures, but
stormwater is influenced by the weather and other
external variables.

Gravel, silica sand, (GAC), or membranes are
common bed materials used to treat GW. The
utilisation of built In addition, wetland and multi-
stage organic treatment systems have also been
studied. Note that one of these systems' major
drawbacks is its inability to handle variations in
influent quantity and level of contamination, which
can result in filtration media exposure and
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obstruction, as well as cause injury to the survival of
microbes in biological and natural systems.. When
constructing these systems, these disadvantages must
be taken into account.

Wastewater Treatment

For the chemical sector, wastewater treatment has
become a key concern. More than two decades of
research and development have gone into improving
industrial processes, recycling trash, and enforcing
waste disposal regulations in an effort to limit this kind
of contamination before it gets out of hand. In the end,
a final, sometimes delicate transition would be
necessary owing to the enormous amounts of industrial
effluent to be managed, such as the recovery of certain
solvents.  Degradation and, more  crucially,
contamination may result from traditional
decomposition processes if the treatment parameters
aren't carefully controlled (Manahan, 1994).

An industry-wide approach is necessary since there are
no clear-cut answers in the sphere of industry. The
wide variety of industrial emissions necessitates the
adoption of a variety of approaches adapted to each
individual scenario. The stricter environmental
legislation should encourage research into better-
performing treatments, enabling for the generation of
environmentally friendly effluents despite efforts to
increase environmentally friendly practises (Savall,
1995). In actuality, there are three levels of treatment
for wastewater: primary, secondary, and tertiary, each
with their own set of challenges. Tertiary treatment,
also known as specialist wastewater treatment,
includes acid/base neutralisation, precipitation,
reduction, and oxidation stages.

Electrochemical oxidation process

When it comes to eliminating pollutants from landfill
leachate, Textile effluents, paper mill effluents, olive
mill effluents, and paint manufacturing wastewater,
electrochemical oxidation was determined to be the
most effective strategy.
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oxidation, in which pollutants are eliminated at the
anode surface, and (2) indirect oxidation that are
formed electrochemically to accomplish oxidation. Both
oxidation processes may coexist in aqueous effluents
during electro-oxidation, as should be obvious. In the
electrochemical wastewater degradation process, an
electron transfer reaction is combined with a
dissociation chemisorption phase to create a complex
event.
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Figure 3: Pollution treatment schemes
Electrochemical

Background Information on
Oxidation Processes

In general, electrochemical treatment methods
include EAOPs, which is one of the many options
available. The three fundamental classes are
electrochemical coagulation, electrochemical
reduction, and electrochemical oxidation.

A number of other studies have shown that In (EC),
current is delivered to Al or Fe electrodes, resulting
in the release of coagulant metal ions.
Electrocoagulation is an example of internal micro-
electrolysis. A galvanic cell is wused for
microelectrolysis in normal EC, which uses external
electric power. This product, which uses iron chips
and granular-activated carbon, is applied to
wastewater and is known as a microgalvanic cell,
which has electrons. A high number of these cells
will guarantee that the water matrix is flooded with
electrons, despite their small size.

The impurities removal by electrochemical reduction
is accomplished by the utilisation of electron transfer
at the cathode. In general, electrochemical reduction
has received much fewer studies than oxidation
techniques because of its poor decontamination
performance.

Direct oxidation and indirect oxidation are two
techniques of electrooxidation. Direct oxidation of
pollutants at the anode is the primary goal of the
latter, which is limited to the soil. The mediated

Cations technique is based on the creation of reactive

species, which subsequently oxidise organic

/| Anode Cathode N\ contaminants. Direct oxidation uses simply

Oxidation Reduction electricity and electrodes, while mediated oxidation
procosses processes additionally uses reagents to make an oxidising =
] . agent. When using an indirect oxidation cure, all 2
Figure 2: Electrochemical reactor reactions occur simultaneously in the solution. =
(@]
There are two separate methods for electrochemical =
oxidation of wastewater impurities: (1) direct anodic §
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Figure 4: General classification of electrochemical
treatment processes

Electrochemical oxidation

The most widely used electrochemical process for
eliminating organic contaminants from wastewaters is
(EO), often known as electro-oxidation Decolorization
and degradation of dyes in aqueous solutions have
recently been accomplished using this method. Direct
anodic oxidation is used in electrolytic cells to oxidise

contaminants, although this method has poor
decontamination results.
Anode-generated  "active  oxygen" (*OH) and

chemisorbed "active oxygen" may be chemically
reacted with at the cathode, as can water discharged at
the anode. These oxidising organisms decontaminate
the environment in whole or in part.

Electrooxidation has permitted the development of two
primary techniques for the reduction of pollution in
wastewaters by the water outflow produces various
heterogeneous species for indirect or mediated
oxidation,

e The electrochemical conversion process, which

uses chemisorbed “"active oxygen" to
selectively turn refractory organics into
biodegradable molecules, often carboxylic
acids.

e Organics are oxidised to CO2 and inorganic
ions, with a physisorbed 'OH' in the
electrochemical combustion technique.

e Second only to fluorine in terms of strength,
this radical has a very high standard potential
that allows it to react quickly with the majority
of organics, forming dehydrogenated or
hydroxylated derivatives and ultimately
converting to carbon dioxide gas.

While simultaneously oxidising contaminants and
water, the anode activity of the electrochemical cell is
maintained by applying low cell voltages It is not
practical to employ low cell voltages to minimise 02
evolution since it commonly results in a byproducts of
direct oxidation on its surface reduce anode activity to
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the point that it is no longer effective. The Electro
Oxidation process' selectivity and efficiency have been
discovered to be substantially influenced by the anode
material's composition. There is a detailed model
proposed by Conminellis to describe this behaviour,
which includes the competition between organics
breakdown and oxygen evolution.

2. REVIEW OF LITERATURE

Biological, physical, and chemical processes are often
used to remediate textile waste water (Armagan et al.
2003). biological processes are typically inefficient in
the removal of dyes that are highly structured polymers
with limited biodegradability (Sakalis et al. 2004). As an
alternative, textile waste water may be treated using a
variety of physico-chemical processes such
chemical coagulation and activated carbon removal
as well as reverse osmosis or ultrafiltration, although
they are restricted by low concentration ranges
(Daneshvar et al. 2003). Chemical coagulation's
primary drawbacks also involve the inclusion of
additional chemicals. There have been suggestions
of alternate ways in recent years, including
ozonation and photooxidation (Lorimer et al. 2000),
however these processes are too expensive for
further research.

As a way of pollution management for wastewater
treatment, electrochemical technology is regarded to
be more effective than other methods (Naumczyk et
al. 1996). As it turns out (Allen et al. 1995), the
electrochemical approach has been successfully
tested (with the benefits of low working temperature
and simple equipment and operation) (Szpyrkowicz
et al. 2000, Sanroman et al. 2004 and Fan et al.
2008). Conventional biological treatment processes
need large amounts of space and infrastructure
(Rivera et al. 2004 and Femandes et al. 2004).

The most recent breakthroughs in electrochemical
techniques and various wastewater treatment
technologies were studied in a literature study.
Textile reactive and vat dyes are the primary focus
of this investigation.

S. H. Lin and C. F. Peng. This work uses an
electrochemical oxidation approach to optimise the
treatment of textile dyeing wastewater (1994). The
anode and cathode materials of choice were copper
and stainless steel. Initial pH and electrolysis time
on colour changes and pH % were measured as
well as COD, BOD and TOC. For each of these
operational factors, the optimal range was tested
experimentally. Using the aqueous solution, a high
proportion of colour, COD, BOD and TOC are
effectively eliminated. The optimal conditions for
electrochemical  oxidation are 0.1M  Nacl
concentration, 7.67 pH, and 105 minutes of
electrolysis duration.. 96.2 percent of colour and
COD reductions were obtained under these
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circumstances, whereas the percentages for BOD and
TOC removals were significantly lower.
Wastewater

Electrochemical Processes in

Treatment

There have been several electrochemical remediation
applications developed during the previous two
decades. The most essential procedures include
electrocoagulation, electrolysis, and electro-dialysis for
treating liquid waste from diverse sectors, as well as
electro-kinetic soil remediation.

Electrolysis and electrocoagulation were the two most
intriguing study areas during this time period from a
scientific  perspective, with hundreds of highly
significant references.

Turbidity removal, colour decolonization, and emulsion-
composed waste breakdown may all be achieved by
electrocoagulation. As a pretreatment rather than a
final treatment, it's especially useful for removing large
amounts of pollutants.

For industrial waste pollution removal, electrolysis
should not be used due to its high energy consumption
for a little amount of pollution removal. Because
biological oxidation technologies are less expensive,
electrolysis is not a viable alternative for the treatment
of industrial waste when biological oxidation is not an
option. As a result, the goal is to treat effluents that
contain toxic or refractory organic species and
concentrations between 1,000 and 20,000 mg (COD)
dm-3 for direct AO and that can be increased to lower
values by trying to promote mediating oxidation
processes in order to treat these effluents effectively.

In this technique, diamond electrodes have become an
essential component. This electrode is well-suited for
the generation of hydroxyl radicals, which may then be
used in the synthesis of additional potent oxidants or in
the severe oxidation of organic molecules.

This helps to explain the impressive gains in efficiency
and the importance of electrolysis research during the
last two decades. It has three distinct advantages over
other advanced oxidation technologies and electrolysis
methods with various anodes, (CDEO).

As a consequence of recent findings, organic
mineralization may be done without resulting in
refractory compounds, making it more robust.

Since it can be readily integrated with other treatment
technologies and powered by green sources of energy,
like as wind turbines and solar panels, its current
efficiencies are close to 100%. Integration capacity.

Despite the high number of research, there is still more
to be done before commercial implementation and
many elements need to be improved. Two in particular
are of interest:

Understanding the relationship between oxidation
efficiency and the properties of the diamond layer via
the use of diamond electrodes

Using CDEO in combination with other technology,
such as ultrasound or Ultraviolet light irradiation, might
result in significant benefits. It's because studies using
light or ultrasonic irradiation have demonstrated that
many AOPs' performances have improved dramatically
over time, in part by limiting the formation of refractory
organics from complicated contaminants during the
oxidation process.. An explanation for how sono- and
photo-CDEO may improve conventional CDEO results
is worth researching.

3. CONCLUSION

Give surprising results, removal of organic matter,
inorganic  matter, particulate matter relatively
convenient. It is viable method and less usage of extra
chemical reagents for the extraction of pure metals and
organic pollutants. Electrochemical methods give
control conditions to treat wastewater having heavy

metals. These methods include separation,
conversion and combined techniques for the
wastewater treatment. In separation, separate

the desired particulates from astewater. In
conversion, convert them to suitable matter. The
combined method gives you promising results
because it has dual characteristics. Membranes
are one of the best reliable technique for the
removal of desired ions from the solution.
Electrodes are used usually for the accumulation of
ions according to their charge characteristics.
Electrocoagulation is especially used for the
collection of by-products and waste materials.
Electro-Fenton for organic pollutant efficient
degradation. The effect of key parameters on
pollutants degradation and mineralization efficiency.
The  degradation performance was more
efficient. It depends upon the pollutant
removal and energy consumed. Sono electro
catalysis technique uses compression and
rarefaction mechanism to remove the pollutants.
Increased efficiency, economical feasible, easy 11
perating and control conditions are in
electrochemical methods. Due to which, always
given preference above the other wastewater
treatment technologies Give surprising results,
removal of organic matter, inorganic matter,
particulate matter relatively convenient. It is viable
method and less usage of extra chemical reagents
for the extraction of pure metals and organic
pollutants. Electrochemical methods give control
conditions to treatwaste water having heavy metals.
These methods include separation, conversion and
combined techniques for the wastewater
treatment. In  separation, separate the desired
particulates from wastewater. In conversion,
convert them to suitable matter. The combined
method gives you promising results because it has
dual characteristics. Membranes are one of the
best reliable technique for the removal of desired
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ions from the solution. Electrodes are used usually for
the accumulation of ions according to their charge
characteristics. Electrocoagulation is especially used
for the collection of by-products and waste materials.
Electro-Fenton  for  organic  pollutant efficient
degradation. The effect of key parameters on pollutants
degradation and mineralization efficiency. The
degradation performance was more efficient. It
depends upon the pollutant removal and energy
consumed. Sono electro catalysis technique
uses compression and rarefaction mechanism to
remove the pollutants. Increased efficiency, economical
feasible, easy 11 operating and control conditions are
in electrochemical methods. Due to which, always
given preference above the other wastewater treatment
technologies.
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