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Abstract

Water pollution, with major economic and social
costs, is a common problem affecting the different living
organisms and environment. The increasing lack of avail-
able water supplies needs efficient wastewater treatment.
Water treatment has become a growing problem nowa-
days. Its care has the chance to be in this progressive
world. In wastewater treatment, nanomaterials have a
staggering ability to be used. Any of its interesting fea-
tures with more surface area can be successfully used to
extract hazardous metal particles, microorganism-causing
afflictions, daily solutes, and water inorganic. In this
sense, the need for an hour is to develop cheaper, cleaner
and more effective wastewater treatment technologies.
The application of nanomaterials towards the water has
been a promising strategy stated by several studies to be
effective. This analysis offers nanobiotechnology advances
that have an increased activity in bioremediation of
wastewater. This investigation expressed nanomaterial
mediated water treatment techniques, including nano fil-
tration, membrane filtration, photocatalysis and adsorp-
tion with modern parameters offers to enhanced efficien-
cies and properties can be improved as needed.

Keywords: Nanoparticles, Water pollution, Wastewater,
Nano Adsorption, Nanomaterials.

1 Introduction

The fundamental technique that nanotechnologies
would benefit from is that the basic problems are instruc-
tive by expelling pollutants in water, including creatures
such as pathogenic, pollution, insecure synthetic substanc-
es such as arsenic, mercury, pesticides, bug sprays and salt
pose, etc., by and wide, rather than dumping, as ecological
properties, then onto the next 1. The scenario was com-
pounded by the mismanagement of wastewater and the
lack of public policy. It is, therefore, a dynamic and multi-
dimensional problem. Researchers have built new tech-
nologies in the face of this situation to ease the burden on
this scarce natural resource. Nanomaterials can offer a
wide variety of uses due to their specific and novel surface
area, such as reactant films, nano sponges, bio nanoparti-
cles and metal nanoparticles, such as pinch, silver and
TiO2. As some master evaluations show, by 2050, the total
population will grow to nine billion23. Totally 77 percent
of the national population is concentrated. The obtained

results were interpreted with Water Consultative Council
reports which is considered as semiarid or 2/3 of territory
monitoring.

The supply cost for drinking water for different local-
ities was increasing day by day and utility of water was in-
creasing*. The researchers trying to find an effective nano
biomaterial for the elimination of toxins makes great at-
tention among the different categories of peoples by dif-
ferent modified technologies. Among all different strate-
gy’snanotechnology-based bioremediation of water offers
increased impact to resolve all types of problems in the
water treatment process>9.

OFFERING RESEARCH AND MARKETS.COM.

Nanotechnology covers multiple areas of research as
diverse as molecular biology, molecular nanotechnology,
semiconductor physics, organic chemistry, energy storage,
surface science, molecular engineering and micro-
manufacturing. In a variety of companies like healthcare,
medicine, nano-EHS, climate, electricity and other technol-
ogy in resolving processes. A main nanotechnology appli-
cation is found in the segment of electronics and semicon-
ductor devices, which is projected to rise by 2025 at a sig-
nificant CAGR of 15.01 percent 7.

Business Growth Drivers for Nanotechnology:

The Application of Medical and Healthcare Nano-
technology

Wastewater treatment and other environmental as-
pects of the application

For Improved Clean Energy Nanotechnology

Business Dynamics for Nanotechnology:
Nanotechnology for Lighter but High-strength Mate-
rials-in the emerging technologies have been shown great
attention towards carbon nanotube and graphene mediat-
ed devices offers great application. The recent trend is in-
creased to express strong affinity and growth potential
which can be seen in the lucrative market for graphene
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mediated nanoplatelets 89.

The improved insulating materials frequently used in
the building industry is made up of a nanomaterial called
aerogel that has silica nanoparticles. In addition, the ce-
ment production process contributes to the increased
amount of COz being evolved and by using nanotechnology
it will ultimately reduce the emission of gases from the
cement industry. In addition, it also contributes and makes
a foot stem in glass industry, leather industry etc10.

BUSINESS PROBLEMS IN NANOTECHNOLOGY:

In the nanotechnology industry, the most difficult fac-
tor is production scalability. While nanomaterials provide
excellent experimental performance in the research labor-
atories in model level, the scalability factor dwarfs the size
of the market for nanotechnology!!. Therefore, some of the
majorities of beneficial applications are in the research
and development process. The major advances in the func-
tioning of nanotechnology with commercials in the auto-
mobile, sporting goods and aerospace industries are antic-
ipated in the future. The technology will also assist in the
successful treatment of cancer, which will help manufac-
turers in the nanotechnology industry?213.

MARKET RESEARCH FOR NANOTECHNOLOGY SCOPE:

The study's baseline year is 2020, with projections
for up to 2025. The report provides a detailed overview of
the business environment, taking account of the develop-
ing industries ' market shares. It also offers data on ship-
ments by device. These exhibit the requisite business intel-
ligence to the main market participants and help them un-
derstand the nanotechnology market's futurel4-16. The
evaluation includes a forecast, a description of the compet-
itive structure, competitors' market shares and market
dynamics, market demands, market factors, market chal-
lenges and product analysis. In order to understand their
effect over the forecast period, the market drivers and
constraints were evaluated. The key growth opportunities
are further described in these reports for chief challenges
and potential intimidation!?. The marketing strategies re-
search study on nanotechnology also evaluates the use of
nano devices, nano composites, nano equipment and dif-
ferent nano materials in different industries by product
category!18.

IN WASTEWATER TREATMENT NANOTECHNOLOGY

Nanotechnology has become one of the 21st centu-
ry's most studied developments. Specific nanomaterial
properties include:

Large Ratio of Surface to Volume

Small dimensions

Well-organized framework

Filtration Competence

Such characteristics help to eliminate heavy metals
from contaminated wastewater. Wastewater treatment,
depending on the form of nanomaterial, is divided into
three major groups:

Nanocatalysts Using

Nano-adsorbent compounds

Nano-membranes
Nanocatalysts Using
Maximum focus has been given to photocatalytic tech-

nology for the control of water contamination. Photocata-
lytic operations involving the interaction of light energy
with metallic nanoparticles are included in this proce-
dure!?-22, By reacting with hydroxyl radicals, the photo-
catalytic operation kills microorganisms (bacteria) and or-
ganic substances. Usually, inorganic materials such as
metal oxides and semiconductors are the materials used in
nanocatalysts?3.

NANO-ADSORBENT COMPOUNDS

Nanomaterials have two important characteristics that
make them amazing adsorbents. They are a large surface
of nanomaterial and are capable of reacting and binding to
various bordering particles and molecules easily artificial-
ly. These characteristics make nanoparticles not only per-
suasive adsorbent for various contaminants in
wastewater, but also contemplate the soundness of the en-
tire deal, as this also results in adsorbent degradation and
gains in adsorption profitability?24.

Organic or inorganic nanomaterials with a high affinity for
the adsorption of substances are used in this treatment.
Many pollutants are extremely capable of destroying these
adsorbents. It has a large surface area, excellent catalytic
potential, and high reactivity. The ideal absorbent is thin2>.
Nano-adsorbents, such as metallic nanoparticles, magnetic
nanoparticles, nanostructured mixed oxides, and metallic
oxide nanoparticles, are categorised on the basis of their
adsorption method?6.

Nano-membranes

One of the main strategies to eliminate toxins from
water is membrane filtration. Membranes offer a physical
barrier to pollutants based on their size of the pore and
size of the molecule. It is normal practice these days to use
the reverse osmosis (RO) process to filter the non-potable
water into portable water. Nanomembranes can isolate
contaminants from wastewater during this treatment.
These are used widely to eliminate heavy metals, color-
ants, and other pollutants?’. Nano membranes with vari-
ous characteristics such as antimicrobial, selectivity, anti-
fouling, enhanced permeability and photocatalytic can be
developed depending on the application. The widely used
nanomembranes are nanotubes, nanoribbons, and nano-
fibers. Silver nanoparticles are antimicrobial agents incor-
porated with high loads of bacterial pollutants during the
treatment of wastewater. Silver nanoparticles and nano-
particles of graphene oxide play a dual role, i.e. prevention
of biofouling (disabled bacterial cells), and they can mini-
mise microbial attachment by forming a solid water layer
due to their hydrophilic existence?8.

For industrial water treatment, widely used nanomaterials
are discussed below:
Carbon (CNT) nanotubes:

Cylindrical structures consisting of graphene sheets
with less than 1 nm of diameters are carbon nanotubes
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(CNTSs). The structure may be solitary or multilayer walled.
In nature, they are having improved stability and duration.
Reports demonstrate that the adsorption potential of car-
bon nanotubes to aromatic compounds is greater than that
of metal cations. In emerging technologies CNT dependent
fields are the removal of contaminants using nanocompo-
site materials shows great attention. CNTs create mem-
branes that conduct electrically. The other type of nano-
composite material is magnetic carbon nanotubes
(MCNTSs). The pore size of the layer depends on the kind of
polymers used to cross-link the CNT. MCNTs are well dis-
tributed in aqueous solution, making it simple to isolate
and redevelop from the medium after treatment of con-
taminated water by using a magnet. The size of the mem-
brane pore ranges from 100 nm to sub-nanometers. These
nanomembranes are commonly used in a range of biologi-
cal treatments for industrial wastewater and industrial
brine desalination?°-32,

Nanoparticles of graphene oxide (GO):

The GO nanoparticles operate on the same principle as
the tree leaf transpiration process, i.e, pulling water
through the GO structure while catching solar heat suc-
cessfully to stimulate vapour formation. In solar-powered
brine desalination, this technique is used33.

Nanoparticles with fluorinated silica:

A low-energy surface that has high resistance to oil is
produced by fluorinated silica nanoparticles. This is par-
ticularly useful in the treatment of wastewater, oil refining,
and food processing industries that produce oil34.

Nanomaterials Layered:

In industrial water treatment, layered nanomaterials
comprising graphene and graphene oxide, MoS2, and
MXenes (ultrathin transition metal carbonitride carbides
and nitrides) are commonly used3>.

Existing and future uses for treating sewage and
wastewater
Varieties of nanomaterials are commonly known as

materials lesser than 100 nm. Products on this scale also
have distinct dimensional characteristics which have been
investigated in the treatment of wastewater36. The slickly
scalable nanomaterials properties of increased surface ar-
eas are used by many devices, including fast disintegra-
tion, strong sorption and elevated reactivities. Localized
plasmon resonation, Superparamagnetic and quantum
confinement have been further advantages of their discon-
tinuous properties. It is possible to classify four major
classes to be the majority of commonly used nanomateri-
als37:

a. Carbon-mediated nano-adsorbents in the treat-
ment of waste water.

b. In wastewater treatment, metal dependent nano-
adsorbents.

c. Polymer-dependent nano-adsorbents for the dis-
posal of waste water.

d. Zeolite: Zeolite and its composites in the handling
of waste water.

The following section briefly addresses each of these clas-
ses of nano-adsorbents.

Biologically organized membranes and nanocompo-
site thin films

The specificity and permeability of different biologi-
cally existing membranes possess determined protein
channels which are known as aquaporins which are help
water flow controlling factors of selective cell membranes
and play critical role in the elimination of contaminants. Its
improved selectivity and water permeability offer polymer
membranes a quite attractive approach to enhancing
membrane performance38. Escherichia coli aquaporin Z
when polymer vesicles are applied over the initial vesicles
to the amphiphilic triblock water permeability with less
glucose, glycerol, salts and urea rejection of magnitude.
The coated significant lipid bilayers entrapped aquaporins
on industrialized Nano filtration membranes is one of the
potential designs3°.

The nano sized channels atomic sweetening architec-
ture and a individual-files ordering of water through the
nanotubes have been offers, aligned carbon nanotubes
shows much faster movement of water than required by
the Hagene Poiseuille Equations. In a membrane contain-
ing just 0.03 percent surface area of associated carbon
nanotubes, it was systematically projected to have fluxes
above current commercial RO marine based membranes#?.
However, due to the absence of carbon nanotubes with a
uniform sub-nanometer in diameter, it is very difficult to
align the carbon nanotubes to reject salt or smaller mole-
cules. Functional groups are gating on the opening of
nanotube was suggested to improve the selectivity and
sensitivity of aligning membranes of carbon nanotubes. By
catching large functional groups at the opening of the
channel, salt can physically be extracted. Steric exclusion,
however, greatly reduces permeability. Therefore, at the
present level, compatible membranes of carbon nanotubes
cannot be desalinated. The diameter of the carbon nano-
tubes must be constant*!.

Mechanisms of diverse nanoparticles mediated anti-
microbial agents and possible applications in water
treatment

Because of its special properties, including increased
pollutant adsorption capacity, eminent photocatalytic and
antimicrobial properties, researchers have paid effective
attention to nanoparticles and enormous nanocomposites.
By offering a broad range of antimicrobial pathways, na-
noparticles disable microbial pathogens. Inorganic and or-
ganic contaminants are also isolated from wastewater by
nanoparticles and reveal their potential use in wastewater
management*245, In potable, surface, drinking and other
types of water supplies for inactive bacteria, TiO2 is an ex-
tremely prevalent form of nanoparticle.

The antibacterial role of titanium dioxide is due to its
production of reactive oxygen species. The ROS formed
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can destroy the sensitive cytoplasmic membranes, damage
proteins and DNAs, hazardous ions, disrupt electron flow,
and interfere with the function of the respiratory system.
Strong UV-A absorbance by solar radiation of titanium di-
oxide activation, dramatically increasing solar disinfection.
Titanium dioxide-based solar disinfection is a very slow
process that can have a decreased proportion of UV-A in
sunlight*é. For the application of solar disinfection with ti-
tanium dioxide to improve visible light absorption of TiO2
or UV-A, flourishing work in doping with variety of metals
or nitrogen is essential. Bacterial death in the dark was al-
so shown by the titanium dioxide nanomaterial, indicating
the likelihood of some unknown mechanisms. Silver has
been recognised for its antimicrobial influence since an-
cient times. In industrial applications, the application of
silver nanoparticles (AgNPs) in medical services and ex-
ternal medicines is miscellaneous.

As an antimicrobial nanomaterial, silver nanoparticles
have been used in advanced years. The material they use
to decontaminated water is as follows: antimicrobial activ-
ity, health and development are efficient and wide-ranging.
The Nano Silver absorbs wide range of ions from Ag into
water binding to-SH groups and kills important enzymes.
Silver nanoparticle (AgNPs) toxicity mediated on the rate
of discharge of silver ions. Silver ion release is influenced
by the shape, scale, padding and crystallographic facets*’-
50, The existing of omnipresent ligands strengthens their
toxicity and their bioavailability. As a protection for patho-
gens in micro ceramic filters that can be widely used in de-
veloping countries, silver nanoparticles have been used.
Zinc oxide nanoparticles (ZONPs) have been used in sun-
screen lotions, variety of paints and enormous coatings
due to the improved UV absorption potential and trans-
parency of visible light. In a wide variety of bacteria, zinc
oxide nanoparticles (ZONPs) show improved antibacterial
property. Nevertheless, since, for example, the researchers
obtained opposite results, the antibacterial role of nano-
particles of zinc oxide was not apparent. Explanations for
the selective photocatalytic processing of H202 for antimi-
crobial action of zinc oxide (ZO) have been proposed. Alt-
hough ZO and Zn*? nanoparticles show antibacterial prop-
erty, water species may be very susceptible to dissolved
zinc. In the treatment of portable water, ZONPs are limited
because of the ease of their dissolution51-55,

A quantity of nanomaterials is recognized as having a
effective property of catalytic oxidation and commonly
used as highly developed oxidation processes in the con-
trol of water pollution. Scientists in different countries are
drawing comprehensive attention to TiO:znanoparticles,
FeszO4nanoparticles, ZnONPs and many other nanomateri-
als. In various approaches to Fenton or Fenton-like oxida-
tion, photocatalytic oxidation and sonocatalytic oxidation
in water purification, these sophisticated and advanced
nanomaterials have been synthesised. Therefore, break-
throughs in research into these emerging materials are
predictable to bring greatest progress in water environ-
mental protection engineering applications56-58,

TiOz Nanoparticles

Titanium dioxide (TiOz) nanoparticles are an out-
standing photocatalyst for aqueous solution dilapidation of
refractory organics under UV light irradiation. Electrons
jump onto the transmission band to form conduction band
e- and leave holes (h*) when TiO: is irradiated by UV radia-
tion. At least 3.0 eV is the electrical probable of the holes,
which is much higher than that of typical oxidants. As a
consequence, the hydroxyl group (OH-) or H20 absorbed
on the wide range of surface nanoparticles of TiO2 may be
oxidised with high activity produced can also react with Oz
and produce different free radicals of superoxide, such as
O2- and HO25960. [n the oxidation of most organic com-
pounds and a small number of inorganic compounds into
CO2, H20 and small inorganic molecules, these energetic
free radicals plays an optimistic role61-64,

ZnO Nanoparticles

“Nano-ZnO is also considered to be a possible photo-
catalyst as a semiconductor nanomaterial due to its prom-
ising photocatalytic activity, non-toxic and inexpensive
character. Consequently, the depletion of organic com-
pounds in waste water has been thoroughly studied by
nano-ZnO. ‘Oskoei et al. (2015) tested the degradation un-
der UV irradiation of humic acid (HA) in aqueous solution
by nano-ZnO. Nearly 98.95 percent of HA was extracted by
0.5 g/L nano-ZnO within 0.5 h under acidic conditions, ac-
cording to experimental findings. Using the co-
precipitation method for photocatalytic dye degrada-
tion’65.66,

Fes04Nanoparticles and Iron-Based Nanomaterials

Fes04 is recognised as a typical magnetic material with
an inverse spinel structure, and owing to its unusual won-
derful paramagnetic and catalytic nature, nanometer sized
Fes04 has attracted extensive attention by multiple re-
searchers. Nano-Fe304 has been commonly in heterogene-
ous Fenton oxidation (Fo) of a variety of organic water
contaminants in recent years, with an advanced catalytic
activity compared to iron-based materials of non-
nanometer scale. In nano-Fe304, there are two Fe-valences
(Fe*2 and Fe3+). Fe2+ and Fe3* can also plays a significant
responsibility in the reaction to Fenton. Hydroxyl radicals
can be fashioned and unconfined via the Haber-Weiss
mechanism in the Fenton process®’.

Metallic Nanomaterials

“Compared to coarse crystal materials, metallic nano-
materials have singular and special structures, including
Fe, Co, Ni, Cu, Zn, Ag, etc. Nanoscale metallic materials have
recently been synthesised and used in several fields”¢8.
However, only ZVI nanoparticles are primarily used among
these metallic nanomaterials to get rid of contamination in
wastewater through reduction either in laboratory exper-
iment or in grassland remediation. ‘Since nZVI areprimari-
ly and successfully functional to groundwater remediation
in situ, nZVI has generally become a very beautiful re-
search subject as a reduction agent for the removal of
groundwater pollution’®®-71, The efficacy of nZVI in the re-

www.shcpub.edu.in



Original Research Article

J. Funct. Mater. Biomol. 5(1) (2020) pp 441 - 450

Ragul et.al. 445

moval of different pollutants has been successfully estab-
lished on a laboratory scale, and some investigations have

also shown that nZVI has been used for the direct and
field-scale implementation of a polluted site72-75.

Methods of Nanoparticle Synthesis
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Outlook and Future Directions

For the subsequently generation of water sanitization
strategies and systems to regulate water contamination,
nanomaterials are promising building blocks. There are
still some goals that need to be accomplished to speed up
the realisation of nano-based water treatment approaches:

(1) Next generation of nano adsorbents: In the pro-
duction of nanoadsorbents with different surface
functions, nanomaterials can be used to optimally
absorb polar and non-polar water contaminants.
Adsorption is combined with photodecomposition
by using nano photocatalysts. Therefore, the or-
ganic pollutants are decaying into undisruptive
by-products and, for a subsequent adsorp-
tion/photodecomposition period, the previously
occupied surface is clean’é.

(2) The next generation of nanomembranes: it is also
possible to use nanomaterials as the construction
of nanostructure membranes. Due to itsmodifiable
pore size, astonishing porosity and open porous,

they allow the process of water treatment to be
energy-efficient and thus economical. The given
such merits, the commercial realisation of nano-
fibrous membranes has not yet taken place. Their
capacity for water management, however, has
been primarily demonstrated hypothetically ra-
ther than experimentally, and it will take time to
practice such membranes’7-79.

(3) Energy effectiveness and scalability: many obsta-
cles currently exist to the extensive industrial use
of nanomaterials for the handling of water. These
comprise technological limitations related to the
scale-up and incorporation of different nano-
materials into the technology for water decontam-
ination, protection, and cost efficiency. The most
widely studied nanomaterials for dye adsorption
are TiO2 nanoparticles and carbon nanotubes
(CNTs). However, their toxicity and expensive
method of processing involving elevated tempera-
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ture and pressure are also deterrent to industrial-
ization80.81,

(4) Safe and eco-friendly nanomaterials: nanomateri-
als use in the production of micro filter, ultra-
filter, and nanofilter membranes which be re-
leased into the water when the covering is ex-
posed to violent streams of water with complex
stress patterns. As a significant precedence, nano-
particles must therefore be firmly stabilised by
physicochemical treatments on/in the membrane
structure. In addition, nontoxic materials that are
less environmentally challenging should be taken
into account. The innovativeinvention of nano-
materials consequential from nature, such as cel-
lulose based nanomaterials, may be shows poten-
tial in this regards283,

Advancements in adsorption using nanomaterials

Procedures of Adsorbate using carbon-based nano-
materials are completely useful in the removal from water
of wide organic and major inorganic matters. Adsorption is
characterized as aoutsideoccurrence in which material
binds to a surface by conductivity induced primarily by
electrostatic and van der Waals interactions from physical-
chemical forces8*. A successful absorber must have a mix-
ture of types characteristics, such as inert, excellent bio-
compatibility and mechanical strength resistant, and has
to have a high ability to adsorb waste. These characteris-
tics play an important role since they can evaluate the ma-
terial's usefulness.

Adsorption procedures are based on a variety of fac-
tors including: pH, temperature, and concentration of pol-
lutants, particle size, contact time and biosorbent and ad-
sorption of physico-chemical nature. The pH can affect ad-
sorption capabilities by changing the exterior groups here
on the adsorbent and contaminant charge and improving
the adsorption ability in endothermic reactions by raising
temperatures. Adsorption of ibuprofen to activated carbon
is supplementary beneficial at pH 3 than at pH 7. Further-
more, as the temperature rises to pH 3, ibuprofen adsorp-
tion has increased contact time (CT) with the pollutant
may raise the quantity adsorbed, based on the adsorbent's
surface and solution chemistry, as the length of time need-
ed to saturate the adsorbent may differ. Inassured system
and not in additional systems a substance can therefore be
a strong adsorbent?85-20,

Sophisticated application of adsorbents

As described above, existing advanced filtration meth-
ods. Membrane processes are one such specialized method
which, due to efficiency and reliability, have attracted im-
mense popularity in EPC elimination. Membrane can be
used to eliminate toxins from the water, as a division of
microfiltration, ultra - filtration, nanofiltration, or reverse
osmosis (RO) systems, by serving as a physical obstruction
to pollutants9192,

Although extremely effective nanofiltration and in-
verted osmosis membranes, they demand greater energy
than microfiltration and ultrafiltration membranes. Specif-

ic membrane technologies, such as ceramic membrane,
polymers?3, metal-organic frames® and other specialized
membranes are continually being investigated?s. Although
a number of membranes survive, polyamide-based mem-
branes (PBM) are among the majority frequently em-
ployed membranes for EPC removal®-98, Graphene and GO,
for example, have been integrated into various polymer
membranes to change their properties to build the process
more efficient in waste management?-192, The anti-
microbial inhibition and enhancement of water flow
through the membrane has been found in particular in GO-
modified poly(N-vinylcarbazole) (PVC), polyamide and
polysulfone membranes103-105,

2 CONCLUSION

For wastewater treatment, most of the nanotechnolo-
gy-based technologies are widely innovating and promis-
ing strategies. The use of nanotechnology in a broad
wastewater management programme is, however, not
easy to introduce immediately. Wide range of applications
alluded to here are either in vitro or set up in the laborato-
ry. Because the application is for water control, extra care
must be taken during its implementation to ensure protec-
tion and performance. As previously described, most na-
nomaterials are toxic substances. Inventive work in nano-
technology is an exciting new advancement for the treat-
ment of wastewater, which is essential for individuals.
These developments are quick, reliable and solid skills to
treat wastewater by getting rid of unique types of water
poisons. This paper revolves around the potential effects
of nanotechnology in the treatment of wastewater. Nano-
particles, however, have another fundamental component
that could make them an acceptable all-around technique:
it is their capacity to identify and abstain from spoiling.
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