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“INTRODUCTION

Chemistry stand at the forefront of addressing the multifaceted

challenges of the 21% century. Playing a pivotal role across
diverse sector. From powering our home with renewable |
energy to developing life saving pharmaceutical, chemistry is
the cornerstone of innovation and advancement in today’s
society. One of the most pressing issues facing humanity is the
urgent need for sustainable energy sources to reduce fossil fuel.
Chemistry plays important role in this field by driving research
and development and renewable energy. Furthermore
chemistry is instrumental in addressing environmental
challenges such as pollution and waste management, by
developing innovative materials and processes. In the realm in
healthcare, chemistry is indispensable in the discovery and
development of life-saving drugs and treatments.. Chemistry
plays a central role in addressing the complex challenges of

215 century.
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< (Climate Change Solutions pee——-
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with Advanced Materials

* limate change 1s another critical

challenges. and chemistry offers

innovative solutions,

*Newer technologies, such as ccus

carbon capture and . p— s
utihization(CCU)(fig.1) are ﬁﬂ:’_ | P“; h‘:d
emerging as effective tools. mﬁ - = w

Chemistry are developing Figl: -Carbon Capture and Utilization

advanced materials like metal- Wpﬂ..mhmmhm“

organic frameworks(MOFs)(fig.2) ﬁ ﬂ H‘.I’ *I:‘ h:#l-:c:;
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+These materials not only capture | e ety oo

G DIER ST DL e T
EDE bl.lt 315{} con vert lhem iﬂﬂ] Fig2:- Metal-organic Frameworks{MOFs)

valuable products like fuels and

chemicals.




+RENEWABLE ENERGY(Solar Power)

«Chemistry plays a vital role in
the development of solar cells.

«Photovoltaic cells made of

semiconductor materials like

silicon, convert sunlight

into electricity. Farwsklta Solar Cells
* Thin-film solar cells, e B, 5
Vv i
erovskite solar cells are | %
i N ==
emerging technologies that g

offer higher efficiency.

_JAdvantages of Solar Cells

+Inexpensive solar cells using nanoscience would help to
preserve environment.

*Fossils fuels use would decrease and thus pollution
decrease.

Even billons of people can help to reduce carbon emission.



*ELECTRIC VEHICLES  __ ""&7"™ (-
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*Chemistry is essential in

developing batteries for EVs.

Fig3:-Lithium ion batteries

+Lithium-ion batteries(fig.3) are Solid-State
the most common type, with Lithium-Metal Batteries

ials like lithium
cathode materials like i e

< . iy
cobalt oxide or lithium _ Anoge &)

iron phosphate. Cavode () SEEPEES

*Advances in battery chemistry,
. . Figd:- Salid state lithium-metal batteries
such as solid-state batteries and

lithium-sul fur, offer higher =y 1 v

energy density and faster i:-nde E‘atn;ll
- I ‘| Change

charging. Pkl o




S Chemistry in Medical Field

Chenuistry plays crucial role in medical field for developing

newer medicines, drugs and vaccines. J“J . T s
. : . u"‘“ﬂ i i I-.. il G
Chemistry plaved a pivotal role i i i "f.
Iy played a pivotal role 1n Bag o~ o g2
. : i R bV
the development of vaccines(mRNA 5" 7 e O i
VACCINES, 4 newer advancement), b
21 _a n.__fi'_u,lh_."" B0 Xk
diagnostic and treatment. Lot boe

*Chemusts also developed antiviral

Fig. 7= Chemical structure af
dmg_ﬁ, therapeutic drugs for COVID-19

*Chemistry enables the production of effective hand sanitizer
which is crucial for killings viruses and bacteria.
*Bleach, or sodium hypochlorite, is a powerful disinfectants

used to sanitize surface and kill viruses.
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sCancer Treatment Breg hroughs
{CanCer TeMains one of the most challenging diseases of our
nme.

»Chemistry is revolutionizing cancer treatment with targeted

therapies and immunotherapies. Cl, w NH;
*One of the most well-known anticancer fPt‘

drug is Cisplatin(fig). Which is use to in Cl NH;
chemotherapy to treat various cancers. Fig.8:- Cisplatin

«Ruthenium-based compound have shown potential in cancer
therapy.

*These compounds can absorb light, leading to generation of
reactive oxygen species(ROS) when irradiated light of a

specific wavelength. ROS can damage cancer cells.
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Fig.9:- Ruthenium based anticancer drug
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| B
wDetection of cancer by (ypcer Biomarker and Fluorescent

Dyes

«Cancer biomarker are molecyles produces by cells or by body in
response to cancer.

*Detecting these biomarker in early stage can improve diagnosis and
treatment.

*Fluorescent Dyes are chemical compound that emits light when
exposed to specific wavelength of light.

+These dye specifically bind to cancer biomarker .the attached
fluorescent dyes illuminates the presence of cancer cell under specific
lighting condition.

«Use for early detection ,diagnosis , monitoring cancer treatment.
«Make surgery more effective

+PSA (prostate cancer),CA-1 25 (ovarian cancer)

view of localized region of a
cancer patient as seen with naked
eye (left) or with the aid of tumor-
targeted fluorescence dye (right
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sNuclear Energ}' for Cleap Power

Nuclear energy is 5 low-carbon power source that can help
mitigate climate change.

*Nuclear energy is generated through controlled nuclear reaction in
Nuclear Reactor.

*In nuclear reactor usually fueled by U-235 or Pu-239.

*During fission, heavy atomic nuclei split into smaller nucler .

releasing large amount of energy in form of heat.

"%_?;U + ,;n —_— EEEU T H’Np B *> Hngu

| 2. 233 B , 233 B~ L 133
Z5Th + dn —> BiTh ———orze SiPa U

«This heat is used to produce steam, which drives turbines

connected to generators to produce electricity.

pMuclear Reactor

Advantage: 1. Large amount of energy can produce

2. Low carbon emission

3. Reduce air pollution.




#FUTURE DIRECq |

«The future of :
Of chemistry holds promise for addressing 21° -
century challenges

It is likely the chemicg) sciences will be increasingly required to

solve challenges in €nergy , food production.

*Chemistry might have an increased role in biochemistry and
pharmaceutical industry, as well as in the maintenance and

development of infrastructure.

*Advances in carbon capture and utilization can help mitigate the

effects of climate change.

<»*Conclusion :

«Chemistry, with its newer technologies, is at forefront of solving

915t century challenges.

«From climate change mitigation to pollution control and resource
sustainability, chemistry offers innovative solutions.

*By harnessing these technologies and embracing sustainable

practices, We create a better and more resilient future for
1

generations t0 come.
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+ INTRODUCTION :

Environmental chemistry is the sciantsfc study of the chemical and biochemical
phenomena that occur In natural places. It should not be confused with green chemistry,
which seeks ta reduce potential poliution at its spurce. It can be defined as the study of the
sources, reactions, transport, effects, and
fates of chemical species in the alr, soll, and
water environmaents; and the effect of Fisman
activity and biological activity on these.
Environmental chemistry is an
interdisciplinary science that includes
atmospheric, aguatic and soil chemistry, as
well as heavily relying on analytical chemistry
and being related to environmental and other
areas of science.

Environmental chemistry invalves First
understanding how the uncontaminated

environment warks, which chemicals in what
concentrations are present naturally, and with what effects. Without l.hus it would be

impossible to accurately study the effects humans have on the environment through the
release of chemicals,

Environmental chemists draw on a range of cencepts from chemistry and various
environmental sciences to assist in their study of what is happening to a dhemical species in
the environment. Important general concepts from chemistry include understanding
chemical reactions and equations, solutions, wnits, sampling, and analytical technigues,

ENVIRONMENTAL POLLUTION AND POLLUTANTS:

it is caused by the addition of any undesirable substance to water, sail, or air,
naturally or by human activities to such an extent that its adverse effectsare

observed on human beings, animals, and plants.
Contaminants are substances which are not present in nature but are introduced

into the envirenment by human activities and have adverse effects on environment.
Far example, methyl lsocyanate {MIC).

Receptors are the medium effected by the pollutants. Human eyes are receptors for
<moke released by automobiles which causes irritation in the eyes.

Sink is medium which interacts with the longlived pollutants and removes the
pollution, Sea water acts as the sink for carbon dioxide. The main causes of pollution

are increase inpopulation and depletion of natural resources, industrialization,

urbanization, and deforestation,
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& TYPE OF POLLUTION
Air Pollution

Alr pollution is fast becoming ane of the most eminent
problems we are facing.Once what was only considered
a nuisance has now become a global crisis, Everythirg
we have learned about air pollution can be expressed in
terms of chemistry. The pollutants Eo through chemical
changes in the atmosphere and become towic to the
biosphere. Let us take a look at atmospheric pollution.

Type of Air Pollution

= Gaseous air pollutants contain oxides of sulphur, nitrogen and carbon, hydrocarbons,
orone, and other oxidants
s _Particulate pollutants contain dust, mist, smoke, smog, fumes, etc.

Atmospheric Pollution

We live on the Earth’s surface, in the biosphere. Just abowe us, enveloping the earth is the
atmosphere. The lowest region of this atmosphere is the troposphere. it e:ter-&s up b 10 km
from the Earth's surface and then comes the stratosphere. Everything from wind currents,

cloud formation, precipitation etc happens in this two layers.

Hence most of the air pollution also ocours in these two layers of the atmosphere. Most of the
pollution that causes Us so many problems transpires in the troposphere. This is what we call
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atmaspheric pollution or tropospheric pollutian

We have already learned that there are various pollutants responsible for the air pollution. In
terms of environmental chemistry, these paliutants are broadly divided into two Categories =
Gaseous Pollutants and Particulate pollutants (sofid pollutants). Let us see which specific
pollutants we are dealing with_

Gaseous Pollutants:

Oxides of Sulphur
Sulphur dioxide, oxide of sulphur, is a harmful gaseous pollutant that causes:

* Respiratory diseases such as asthma, bronchitis, and emphysema in human beings.

# [rritation in the ayes leads to tears and redness of the eyes.
* Stiffness in flower buds which eventually leads to fall off from plants.

Oxides of Nitrogen

At high temperatures, the unburnt fossil fuel from automobiles leads to the formation of
nitric oxdde (NO) and nitrogen dioxide (NO2) by reaction between nitrogen and oxygen gases
present in the atmosphere as shown below,

At ternperatures around 1483K,
M; (g) + Oz (g) = ZINO (g
NO reacts immediately with 02 present In the atmosphere, in the troposphere, and ozone
in the stratosphere to form NOZ2.
NOig) + O (& = ZNO:lg)
Oxides of nitrogen lead to lung irritation, acute respiratory diseases, retard the rate of
photosynthesis, and corrode metals.
Ouides of Carban
Carbon Monoxide: It is a highly poisonous gas due to its strong ability to bind with
5 \ohin to form carboxhaemoglobin which blocks the transportation of oxygen in
the body or tissues of humans.

Carbon Dicxide: It is a respiratory gas, released into the atmosphere by respiration, burning
of fuel, decomposition of limestone, deforestation and volcanic eruptions. The increased
lowel of carbon dioxide in the atmosphere causes global warming.
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Particulate Pollutants

Fartr:ulare matter is the collective of al| sofig and liquid
particles suspended in the atmosphere which o
palluting and harmiful to our bicsphere Thamar:m I
originate and various different sources l.zm:f a Fuf i
sizes and compositions, This particulate maﬂ: " ok
originate in this form or can even be caysed due t:':|Ir W
ﬁ:ﬂﬁm reacting with elements and becoming

The size and shape of the particulate matter play a big roke in how harmful they are to the
atmospheric pollution. Let us take a look at a few of these pollutants.

-?Wﬂ Incomplete combustion of coal and charcoal always leaves behind a black powder-
like substance. This is soot. It is extremely small in size and toxic in nature. It can travel
through our windpipe and settle in our lungs. Soot can cause a variety of diseases from
Asthma to Bronchitis. Also, soot contains 50; and NO; that form acid rain.

Metal Particles: These oxides are formed during metal reactions. These particles react
with other compounds in the air like 50, and become highly toxic. if inhaled by humans
they have any ill effects on our health. One main harmful effect is that matal particles

will reduce blood's ability to coagulate quickly, slowing down the process

« Asbestos Dust: Asbestos is a highly toxic substance, Any activity related to it Ik
manufacturing asbestos sheets or asbestos insulation can release asbestos dust. This is
very harmful and a major cause of atmaspheric pollution.

Dust Particles: Dust particies forming in everyday events or construction or agricultural
ey attach to other pollutants and become more

activities etc is also a pollutant. Th
harmful. In humans, they may cause allergies and other respiratory diseases.

Acid Rain
The pH of rain in normal canditions is slightly acidic, which is 5.6 due to the presence of H+
;_ ions formed because of the reaction of rain water and carbon dioxide.

+ cos(g) =5 HC0:(aq)

H30 (1)
= H+(ag) + HCOs (aq)

HzCO; (aa)

When the pH of rain water is below 5.6, it Is known as acid rain. The oxides of nitrogen and
| sulphur are the major contributors 10 the acid rain as they undergo oxidation and react with

F water,
2 H20 (I) — 2H2504 (aqg)

2s502(g) + O +
2NO2(g) + O2gl 2H20 (1) — 4HNO3 [ag)

e



Acxd rain 5 harmiul for agriculture crops, trees, and plants as it dissolves and washes swsy
Mﬂmmthﬂﬁmh_nmerMFhmﬂ
anmmmﬂﬂmdﬂnmih . Hmmﬂmmmﬁi
resulting i the leaching of heavy metals such 35 irgn, lead, nd copper into the drinking
water. Ackd rain also damages buildings, monuments, and other structures made of stone or
metsls TJ|MEmgf:mmmu[mcmmﬁmrm.
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Global Warming and Greenhouse Effect :
HmtufﬁmﬁrradiaWEabm'hﬂdhmeaﬂnmﬂmrﬂmﬂmﬂr
is trapped hvmgm&m:sm&mwhmmﬂmt.
pmlﬁ,ardwatﬁvapnurinm:nmtﬁﬂﬁﬁu
mmwm

the earth’s surface

chiorofluorocarbon (CFC) com .
cause increases in the earth’s temperature and this CaUses

gas is the major contributor of giobal warming.




FOCEss i :
aT:::IsnhE ‘:f o M the oy atmosphere when some gases present in the it
ch mrt ,raps the heat from the Sun, The gases which contribute to global warming
SUCT 8% ne, carbon dioxide, and ozone are known as greenhouse gases.

Formation and Breakdown of Ozone: Stratospheric pollution is 3 significant environmental
concem, and understanding its impact on the Earth's atmosphere is essential for JEE Main
students, One critical aspect of stratospheric pollution is the formation and breakdown af

oprone in the stratosphernes,

Farmation of Ozone:

Ozone [O3) is a molecule composed of three axygen atoms. It is vital for life on Earth
because it forms the ozone layer in the stratosphere, which plays a crucial role in protecting

living organisms from harmful ultraviolet {UV) radiation from the sun, Ozone is naturally

formed and maintained through a delicate balance of chemical reactions in the
stratosphere. The key reaction responsible for ozone formation is:

Oxygen Photolysis and zone Formation:

The formation of ozone is an oNgoiNg process, where ozone molecules are constantly
created and destroyed in a dynamic equilibrium, maintalning a relatively stable concentration
in the stratosphere.

Breakdown of Orone:
Grone in the stratosphere is also subject to breakdown
through various chemical reactions. While natural
processes contribute to ozone depletion, human
activities have significantly accelerated the breakdown
of ozone. The most well-known contributer to ozone
depletion is the release of certain chemicals known as




ozone-depleting substances (OD5). The primary reactions involved in ozone breakdown are:

As a result, ozone molecules are converted back into molecular axygen (O;), depleting the
orone layver.

Effects of Ozone Depletion:

Ozone depletion has significant and far-reaching effects on the environment, human health,
and ecosystems:

Increased UV Radiation: With a thinner arone layer, more LV-B and Uv-C radiation
reach the Earth's surface, This can lead to increased cases of skin cancer, cataracts,
and other health issues in humans. UV radiation can also harm animals and plants,
affecting ecosystemns,

Ozone Holes: Particularly over Antarctica, ozone deplation has led to the formation
of ozone holes. These are regions with significantly reduced ozone concentrations,
allowing for even more harmful UV radiation to penetrate the atmosphere.
Climate Change: Ozone depletion can Influence the Earth's climate. Changes in the
distribution of ozone in the stratosphere can affect temperature patterns and wind

drculation, potentially impacting weather systems.
Agquatic Ecosystems: Increased UV radiation can penetrate aguatic ecosystems,
harming phytoplankton and other aquatic organizsms that form the base of the food

chain. This can have cascading effects on marine fifie,
Terrestrial Ecosystems: Ozone depletion can damage terrestrial plants, affecting

crop vields and disrupting ecosystems.

% Air Pollution monitoring methods:

Alr pollution monitoring employs various methods to measure key pollutants such as
particulate matter (PM), volatile organic compounds (VOCs), nitrogen oxides (NOx),

sulfur dioxide (502), and ozone (03):

Particulate Matter {PM):

Sampling Methads: High-volume samplers collect air onto filters for gravimetric
analysis. Real-time monitors use light scattering or beta attenuation.
Measurement Techniques: Gravimetric analysis weighs particles to determine
mass (PM10, PM2.5). Chemical analysis identifies components like metals.




Volatile Organic Compoungs (Vocs)

#  Sampling M t :
analv:isﬂpa thﬂds' Canisters gr sorbent tubes capture VOCs for laboratory
. Measurl.zm::e *amplers absorb VOCs over time.,
Mass spectro T!d“?"q““! Gas chromatography separates and guantifies VOCs.
e MELry identifies specific compounds.

Nitrogen Oxides (NOx):
* >ampling Methods: Chemiluminescence measures NO and NOZ. Diffusive

samplers absorb NO2 for laboratory analysis.
* Measurement Technigues: Chemiluminescent detection quantifies NO and NO2

concentrations. UV absorption measures NO2 levels. |

Sulphur Dioxide [50;):
»  Sampling Methods: Impingers capture SO2 in absorbing solutions. Automatic
monitors use spectroscopbe methods.

» Measurement Technigues: Titration determines 502 content. UV flusrescence |
detects 502 concentrations.

Ozone (03):

» Sampling Methods: Chemiluminescence reacts ozone with a reagent emitting
light. Absorption spectroscopy measures UV or infrared lght absorption.
surement Techniques: Continueus monitors provide real-time data. Passive

« Mea
samplers collect ozone over time for laboratory analysis.

These methods provide crucial data for assessing air quality, guiding regulatory measures,
and protecting public health and the environment from the harmful effects of air peliution.

< Water Pollution:

The dissolved oxygen (DO} In water has a
concentration of up to 10 ppm {parts per
millian). Poliuted water has reduced the
concentration of DO in water and the DO
below & pprm inhibits the growth of fishes and

affects aquatic life.




sources of Water Pollution;

pathogens: Pathogens include bacteria and other
organisms present In sewage and animal excret

enter the drinking water which causes many di iy
such as gastrointestinal diseases, e

Organic
Waste: The
arganic matter such as leaves, grass, trash etc. and
axcessive growth of phytoplankton causes water
pollution which decreases the po in water and affects
aquatic life.

Chemical Pollutants: The water soluble inorganic chemicals such as cadmium, Mercury, and
nickel are dangerous to humans as they do not excrete out of the body and affect the
kidney, CNS (central nervous system), liver, etc. The organic chemicals from petroleum, oil
spills, pesticides, etc. discharge into the ocean and
cause water pollution. The addition of these water - ieipes 3R
pollutants in water bodies increases the AULFENTS —
in the water which support 3 dense plant
population, which kills an animal or aguatic life due
ta deprivation of oxygen in the water and
subsequently results In loss of biadiversity, this
process Is known as gutrophication.

international Standard fo Drinking Water

The international standard for drinking water Is as follows:
« Fluoride: The low concentration of fluarides In drinking water causes tooth decay. F -

ion helps in the hardening of enamel by converting hydroxyapatite [3{Cas(POsk)-
CalOH);] into harder fiuorapatite [3(Cas(PO4la). CaFs].

R




The amount of o
!mefl I'Equ'
red by
ha“*‘“a 0 break down the OFE#N matter present in

water Samples g
Slled biacy,
fess than ®Mical
5 ppm whereg, Pollutey SArgen demand (BOD). Clean water has a BDD value of
Water has 2 BOD value of 1 Tppm or more

Sources of Water Pollution:

such as Bastrointesting| diseases

Organic
Waste: The
Organic matter such as leaves, grass, trash ete. and
eHcessive growth of phytoplankton causes water
pallution which decreases the DO in water and affects

aquatic life,

cause water poliution. The addition of these water
pollutants in water bodies increases the nutrients
in the water which support a dense plant
population, which kills an animal or aguatic life due
to deprivation of oxygen in the water and
subsequently results in loss of biodiversity, this

process is known as eutrophication.

International Standard for Drinking Water

The international standard for drinking water is as follows:
Fluoride: The low concentration of fluorides in drinking water causes tooth decay. F -

-
ion helps in the hardening of enamel by converting hydroxyapatite [3(Cas(PO.);).
Ca{OH),] into harder fluorapatite [3{Cas(POy);). CaF,).




drinking water to bring /s contentration up to 1
han 7 ppm causes a matthing of teeth and harmful

¢ Lead: The Prescribed vp
50 ppb (parts per
to the kidney,

DEr limit of concentration of iead in drinking water is ahout
Billon). More than the prescribed limit of the ead causes damage
liver, reprodict ive system ete

Sulphate: The sulphate of more than 500 pom In drinking water causes a [axative
effect and a rmoderate leve| of sulphate has a mild or harmless effect.

Witrate: The upper limit of nitrate in drinking water is 50 ppm. Excess nitrate in

drinking water causes ‘Blue baby' syndrome or methemoglobinemia.

Maximum Prescribed Concentration of Some Metals in Drinking Water

| - — s = | Maximum cul;r:_éntrntlcrﬁ']:ﬁpl_'g"l_:l_r_ I'I'IE,“I*!'!_'EI_I
: FE__ o — I— _n.‘: — o —
AL — T oz
u — 3.0 —— -
s | sa
Ed = P = I:LME ]
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Water Pollution Monitoring:

Water poliution monitoring Involves assessing various aspects to determine the quality and
safety of water bodies. Chemical pollutants are monitored through sampling and analysis of
substances like heavy metals, pesticides, and industrial chemicals, using technigues such as
spectrophotometry and chromatography. These pollutants can originate from industrial
discharges, agriculture, or urban runoff.

Biological contaminants, such as bacteria, viruses, and parasites, are assessed through
microbiological testing methods, These include culture-based methods or advanced
techniques like polymerase chain reaction (PCR) for detecting pathogens in water sources,
especially crucial for assessing drinking water quality.

Physical parameters are monitored o evaluate the water's physical characterstics, such as
temperature, turbidity, pH, and dissolved oxygen levels. These parameters affect aguatic life
and indicate the water body's health and ecological balance. Instruments like multi
parameter probes and sensors are used for real-time monitoring bn situ.

Integrated approaches combining chemical, biological, and physical monitoring provide
comprehensive insights into water quality. Continuous monitering programs and periodic
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+ Soil Pollution

ol podlution iy the precence of i
LI
chemicals in the soil that affecs humans and
A
plant growth

Sources of Soil Pollution:
Besticides:
= Prior to World War |, nicotine was
used as a pest controlling substance for >
major crops.
= During World War II, DDT was greatly
used as a pesticide as it was very
effective to control malaria and other

insect-borne diseases.
Pesticide industries have shifted their attention to herbicides such as sodium

chlorate (NaCl03) and sodium arsenite (NA3503) and many others.

-

Pesticides and herbicides are toxic to mammals and cause damage to multiple organs in
humans, birth defects, genetic disorders, etc.

Industrial Wastes
industrial wastes are categorised as biodegradable and non-blodegradable wastes.

» Bicdegradable Wastes: The wastes that can
undergo serobic or anaercbic decomposition

are known as biodegradable wastes. The
bicdegradable wastes are generated by cotton

mills, food processing units, paperills, and
textile factlories.

Non-bicdegradable Wastes: The wastes that do

not undergo decompesition naturally and
remain on earth for thousands of years. Non-

biodegradable wastes are produced by thermal




rEtries "'h m:.w WS Such ax iron and € teel Industry, fertiliser industry,
3% Tt f] '““"lf't
frhum, pine, anil copper

taken m-rmﬂl'm to :..wm ol Polhution Waste Management: The government has
Chean incha Mission’ w.s the waste to control snvironmental degradation such as the
l:ﬂ'l'ﬂ below Swachh & Bharat Abhiyvan’ which implemented two programmes
: Bharat Mission . Urban (SBM-U): It wims at making urban India free
mwil;lwwm and achieving 100% scientific management of solid wastes in the
. Bharat Mission - Rural (SEM-R)- It aims at improving the quality of fife in
st arees by encouraging sanitation, hygiene, cleanliness, and eliminating open defecation.

Soil Pollution Monitoring Method: soil pallution monitoring Involves two key

et hods:

1 Contaminant Anabysis: This method focuses on identifying and quantifying pollutants
present in the soil. It typically involves collecting soil samples from various locations and
depths, then analyzing them in laboratories. Common poliutants assessed include heavy
metals eg., lead, cadmium), pesticides, herbicides, and organic contaminants. Analytical
technigues such as chromatography, spectroscopy, and atomic absorption spectroscopy are
used to determine poflutant concentrations accurately.

2. Soil Health Indicators: Monitoring soil health involves assessing indicators that reflect the
overall quality and functionality of the soil ecosystem. This includes biclogical indicators
[e.g., microbial activity, earthworm abundance), chemical indicators (e.g., pH, nutrient
levels), and physical indicators (e.g., soil texture, structure). Changes in these indicators can
signal soil degradation or contamination effects. Bioindicators like sensitive plant species or
microbial diversity can also be used to assess the impact of pollutants on soll health.

By combining contaminant analysis with soil heaith indicatars, monitoring programs can
provide a comprehensive understanding of soil pollution levels, guide remediation efforts,

and support sustainable land management practices.
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& Noise Pollution:;
Noise pollution refers to the excessive and
disturbing notse that may have harmful effects on = NOLr~

human health and the environment, |t is typically
caused by industrial activities, transpartation,
construction, and everyday urban life. Noise
pollution can interfere with normal activities such
as sleeping, communication, and recreation, and
prolonged exposure can lead to stress, hearing
impairment, and other health issues. Measures to control noise pollution include soundproofing,
notse barriers, and regulations on noise levels in different environments.

Source of Noise Pollution:
Noise pollution can originate from various sources, both natural and man-made. Here are some
COIMIMON SOUTCes:
* Transportation: Vehicles are a major o T FTTT 3
contributor to noise pollution, with road Tl B e SN
o { = £ k1

traffic being the most significant source. The

noise is generated from engine combustion,

exhaust systems, tire-road interaction (road

noise), and aerodynamic effects (afrcraft and : :

train noise). Airports, highways, and urban >
intersections are particularly noisy
environments due to the concentration of
wehiches.

» Industrial Activities: Industrial facilities such as factories, construction sites, and
manufacturing plants produce noise from
various sources. This includes the operation
of heavy machinery, equipment like
compressors and pumps, and processes

(' such as metalworking and assembly lines,
levels can vary depending on the
of industry and the scale of

tions.




« Urbanization: Urbap, areas py
diverse activities, Traffic nolse from .
buses, and motorcycles |« PEMvagive L:!I
with commereial activities |ike na_'uranilr r':n!
hospitality. Construction ACtivities I‘-::
buildings, roads, and infrastructyre ats:EH
contribute significantly tg urban ngjse
pmruﬁ.un.

Perlence heightsmed nole lewels o 1o thlr density and

+ Recreational Activities: Recreational Events
such as concerts, festivals, and sporting
events generate loud noise levels, especially
when amplified by sound systems,
Additionally, motorized recreational
activities such as off-road vehicles (e.g.,
ATVs, jet skis) contribute to noise pollution
in natural environments.

+ Household Sources: Noise from household appliances such as air conditioners,
refrigerators, washing -

£ cora '-:|'El:',' i s

machines, and dishwashers can — )
contribute to indoor noise "T.-r:'ru:ru'!.u-- f@ I
levels. While indihridl:ﬂ"'!r these [—G-: !. L i-""f e
may not seemn loud, in I & 35 I". .

; Smnhitis 11
aggregate they contribute to "N | 0 1PN
overall environmental noise.

* Social Gatherings: Events like parties,
weddings, and celebratio ns can creaté
noise disturbances in residential areas,
particularly at night. These social
activities often nvolve music, talking, and
sometimes fireworks or other loud

entertainment,

- 1“!“]'[““ MW:
Construction actjvities for roads,

bridges, tunnels, and buildings involve
the use of heavy machinary such as




excavators, bulldozers
7’
considerable nolse dur|

|I‘I:h|'|n|'|1.|-|1uml and cranes. These equipment generate
"& both daytime and nighttime operations.

These sources collectively contribute 1o nolse poliution, Impacting human health by
causing stress, hearing loss, sleep disturbances, and other physiological effects. Noise
pollution also affects wildiife, disrupting their communication, migration patterns, and
reproduction. Effective management strategles Include implementing nolse regulations,
using sound barriers and buffers, employing quieter technologies, and promoting awareness
and education about noise reductian practices.

Monitoring Methods of Noise Pollution:

Monitoring technologies for noise pollution invelve various methods and devices designed to
measure, analyze, and assess noise levels in different environments, Sound level meters are
commeonly used instruments that quantify nolse levels in declbels (dB), providing real-time data
on the intensity and frequency of nolse. These meters are portable and can be used for spat
measurements or installed for continuous monitoring in speclfic locations,

sdvanced monitoring technologies include acoustic sensors and networks that utilize Internet of
Things (loT) principles to collect and transmit noise data across large areas. These systems can

reate notse maps, identifying hatspots of high nolse poliution and helping urban planners and
volicymakers make informed decisions. Additionally, noise monitoring software can analyze data
rends over time, identifying patterns and correlations with factors such as traffic flow or

ndustrial operations.

rstanding the extent of noise poliution,

werall, these technologies play a crucial role in unde
plementing effective strategies for nolse

ssessing compliance with regulatory standards, and im
ranagement and reduction.

< Green Chemistry:

» not a single discipline of chemistry
Applies innovative sclentific solutions to real-world environmental problems

Results in source reduction because it prevents the generation of pollution

* Reduces the negative Impacts of chemical products and processes on human

health and the environment
Lessens and sometimes eliminates hazards from existing products and processes

' » Designs chemical products and processes to reduce their intrinsic hazards




How Green l:hamlstqt Prevents Pollution

This is ":“ the same as cleaning up poliutign (also called remediation], which invafves treating
waste Streams (end-of-the-pipe treatment) or cleanup of environmental spills and other
rejeases. hemediation may include separating hazardous chemicals from other materials, then
treating them so t_hm,.r are no longer hazardous aor cancentrating them for safe disposal. Most
remediation activities do not invajve green chemistry. Remediation removes hazardous

st riust S H“.} enviranment; on the other hand green chemistry keeps the hazardous
materials from being generated in the first place.

I a technology reduces or efiminates the hazardous chemicals used to dean up environmental
mﬂt!mn’l‘iﬂ“, this tﬂ'thﬂﬁl-m‘r would also qualify as a greern chemistry Tg,d]fﬂlm, One
example is replacing a hazardous sorbent [chemical] used to capture mercury from the air for
safe disposal with an effective, but nenhazardous sorbent. Using the nonhazardous sarbert
means that the hazardous sorbent is never manufactured and so the remediation technalogy

meets the definition of green chemistry.

The 12 Principles of Green Chemistry

1. Prevent waste; Design chemical syntheses to prevent waste. Leave no waste to treat or

ciean up.,

2. Maximize atom economy: Design syntheses so that the final product contains the
maximum proporticn of the starting materials. Waste few or no atoms.

3. Design less hazardous chemical syntheses: Design syntheses to use and generate
substances with little or no toxicity to either humans or the environment.

4. Design safer chemicals and products: Design chemical products that are fully effective
yet have little or no toxicity.

5. Use safer solvents and reaction conditions: Avold using solvents, separation agents, or
other awdliary chemicals. If you must use these chemicals, use safer ones.

6. Increase energy efficency: Run chemical reactions at room temperature and pressure

whenever possible.

7. Use renewable feedstocks: Use starting materials (also known as feedstocks) that are
renewable rather than depletable. The source of renewable feedstocks is often agricultural
products or the wastes of other processes; depletable feedstocks are often fossil fuels
{petroleum, natural gas, or coal) or mining operations,

8. Avoid chemical derivatives: Avaid using biocking or protecting groups or any temporary
modifications if possible. Derivatives use additional reagents and generate waste,







<+ REMEDIATION TECHNOLOGIES -

Rll!ﬂ'll'dhﬂtiﬂl'l I:'El;‘.'j"lnnnhﬂiEﬁ- for environmental pollution pnCOMpPass a range of methods
aimed at mitigating contaminants in soll, water, and alr. Here's an exploration of various

approaches, including biological, chemieal, physical methods, and nanatechnology
applications:

Biological Remediation

Bioremediation:

. Utilizes microorganisms (bacteria,
fungl, etc.} to degrade organic pollutants into less
harmful substances like carbon disxide and water.
It can occur in situ (on-site) or ex situ (off-site) and
is effective for oil spills, hydrocarbons, and certain

solvents.
s Phytoremediation: Imvolves plants to absorb,
accumulate, and sometimes degrade

contaminants such as heavy metals {lead, arsenic)
through their roots or volatilize them through their
leaves. It's suitable for areas with shallow
contamination or where soll disturbance is

impractical,

Chemical Treatment

* Oxidation: Uses chemical oxidants
(e.g.. hydrogen peroxide, ozone) to
break down organic pollutants into
simpler, less harmful compounds.
This method is effective for treating
Eroundwater contaminated with
stlvents or petroleum products.

Dredging: Involves the removal of contaminated sediments from water bodies to
reduce the concentration of pollutants. It's often combined with other treatments
ke stabilization or disposal in landfifls,




Physical Methods

+ Soill Vapor Extraction (SVE): Invaolves
PUMINg air or steam into contaminated
soil  to vaporize  wolatile organic
compounds (VOCs), which are then
collected and treated

above ground. It's effective for soil
contaminated with gasoline, solvents, or other volatile chemicals.
* Dredging: Not only wused for :
sediment removal but also for
contaminated sofl from water
bodies. Dredged materfal can be
treated on-site or transported to
facilities for further processing or
disposal.

Nanotechnology Applications

* Nano-iron Remediation: Involves the use af
nanoscale rero-wvalent iron (nZV1) particles to
degrade contaminants such as chiorinated |
solvents and heawy metals. These particles have
hlvlhramlwt-,randalarge :mﬁcearua,mhan:ing
their effectiveness in Broundwater and sail

remediation.,

*  Nano-catalysts: Uhilized in oxitation
processes (advanced oxidation processes, !r:' ;::'
ADPs) for breaking down organic ..h.v."j :

pollutants, Nanoparticles flike titanium
dicdde (TI02) or cerium oxide (Ce02) act

a5 catalysts whien exposed to ultraviolet
(V] light or other activation methods,

Integration and Considerations

X n'*.rl'dpit« technologies are tombined tg

Far example,
treat residual



gp.:tﬂl: Factors:

, e e n:-u:-mmul remediation depends on factors such as the type
and i:ﬂ g tontaminants, soil or water characteristics, and regulatory
,.,_.qmrf.:rmm 5. Talloring the approach to these factors ensures efficiency and

, Advancements in Technology: Continued research focuses on enhancing the
etficiency and reducing the cost of remediation technologies. Nanotechnology, in
particular, holds promise for more targeted and effective treatment of contaminants

at smaller scales.

Environmental Sustalnability: Emphasis on sustainable practices ensures that

remediation efforts minimize secondary environmental impacts and promote hng-
term ecosystem health.

o summary, remediation technologies for environmental pollution span biological,
chemical, physical, and nanotechnological methods. Each ap

advantages and 18 chosen based on specific contaminant types, site conditions, and
regulatory considerations, Ongoing innovation and integratio
essential for effective environ

proach offers unigue

n of these technologies are
mental stewardship and sustalnable development.

& CONCLUSION

in the realm of emdronmental chemistry, the study and mitigation of pollution stand as
saramount challenges demanding urgent attention and innovative solutions. Pollution,
whether from industrial emissions, agricultural practices, urban development, or waste

disposal, poses significant threats to BCOSYSTEMS, bicdiversity, and human heatth worldwade.

imaging technologses such a3 sateflite imagery, infrared
kot and environmental sensors has revolutionized our abidlity to monitos and

understand pollution dynamecs ACFoss various spatial scales. These tools provide invaluable
insights Into poliution SOUFCES, dispersion patterns, and their impacts on air, water, and £oil
oualivy.

Moreover, effective pollution eontrol strategies necessitate interdisciplinary effarts
iFvoheing schentists, policymakers, industry leaders, and communities, it requires

implementing strimgent regulations, adopling cleaner technofogies, promoting sustainabde
practices, and enhancing pubdic awareness.

B |




: tinued research _and innavation in environmental chemistry are essential to develoP
ore effective monitoring techniques, mitigate emerging pollutants, and assess long-term
ironmental impacts. Additionally, international collaboration and knowledge-sharing are
qucial 1o address global pollution challenges comprehensively.

imately, by leveraging scientific advancements and collective action, we car strive
\owards a cleaner, healthier environment, safeguarding natural resources for future
generations and promoting sustainable development worldwide.
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f O INTRODUCTION.. ‘Green chemistry' is the design of chemical

products and processes that reduce or eliminate the use or generation of
J hazardous substances. ‘PAUL ANASTAS', is Known as the father of green
- chemistry, who defined or oblained the term '‘Green Chemistry’ for the first
time in 1981.'Green Chemistry’, is also known as “Environmentally Benign
Chemistry” or “ Sustainable Chemistry’'Green Chemistry’ looks at
pollution prevention on the molecular scale and is an extremely important
area of chemistry due to the importance of chemistry in our world today and
the implications it can have on our environment. Scientists Paul ANASTAS
and John Warner formulated the Twalve (12} Principles of green chemistry in
1998, in the book of "Green Chemistry Theory and Practice”. These serve
as guidelines for chemists seeking to lower the ecological footprint of the
chemicals they produce and the processes by which such chemicals are
made. This is the Invention, design and application of chemical products and
processes to reduce or fo eliminate the use of hazardous substances.

U “Green chemistry is About....”:-

- Chemistry is undeniably a very

2. Chemical developments alsp bring new environmantal problems
Unexpecled side effects, which resull it aicdobg

he need for green chemi
A famous example is the * Pesticide ooT ¢ R RS0

- The Green Chemistry

prominent or great part of our daily lives,

Invention of a morg
d‘uﬂ!ﬂﬂlpﬂ:mwhhhmdtmmyﬂghm




1 Te reduce adverse emvironmental impacl. Iry appropriate and innovative choice of

ratenial and thekr chamical transformation.

To develop processes based on renewable rather than Non- renewable raw materials

T develop processes that are less prona lo chnoxious chemical ralease, fire &and explosion.

To minimise by-products in chemical transformation by redesign of reactions and reaction

EBQUBNCEE

5 To develop products that are less toxic and degrade more rapidly in the environmaent than the
cument products

6. To redece the requirements for hezardous persistence solvenis and o improve energy
efficiency by developing low lemperature and low pressure processes using new catalhysts

= L&k P

0] el Pl ol G Chemiany':

Prevention Of Waste or By Product's:- It is betier to prevent waste (Fig.1) than o
treat or clean up waste after it is formed in nature. (Fig.2)

B g e o LES E _
il
i o W
— g lt:u-'-'.:ﬁ"
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Fig.1:- Waste Prevention Fig.2:-Environments Changes with time

4. Atom Economy- ' Alom economy’, or 'Atom Efficiency’ describes the conversion

efficiency of a chemical process in terms of all atoms involved (desired products
produced).

Molecular Werght of Desived Product
Molecular Weaght of Al Reactant s

*» alom econgmy =

x 100

=  For this reaction, the alom economy should be maximum




Design For Energy Efficiency:- Energy requirements of chemical prm&g:
should be recognized for their environmental and economic impacts and should

minimised. Possible synthetic methods should be conducted at ambient temperaturs
and prassure

= Energy - Ceveloping the altematives for energy generation (Photovoltaic,
Hydrogen, Fuel Cells, Bio based Fuels etc) as well as continue the path lowards
energy efficiency with catalysis and product design at the forefront. (Fig.6)

GLOBAL CARBON CYCLING

*
THE ECO DRIVER L
Cco, Biomass/Bio-orgamics
1-19 >10 years
Pelymers, Fossil Resowrces
“:ii Chemical Industry  (Petroleum, Natwral gas)
&F

New Bichemical Industry Gr
Iiﬂ: & Bemass T ::;::hnmml T ;:::,::m

— T —

Fig.6:~ Designing Energy Efficiency by Carbon Cycle in Green Polymers In

—

dustry

f Use of Renewable Feedstock'- A raw matenal or feedstock should be renewabla
ralner than depleting whenever technically and economically practicable {Fig.T)
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Fig.7:= Different Energy Source and Plastic Production Economically by PLA,

* Resources Depletion - Renewable resources can be made increasingly viable
technologically and economicalty through green chemistry, Due to the gver utilization

of non-renewable resources, natural resolrces are being depleted at an
unsustamable rate.

8 Reduce Derivatives - Unnecessary derivatization ( Using the blocking groups,

protection or de-protection and temporary modifications of physicall chemical
processes) should be minimised or avoided if i

additional reagents and can generate wasta.

. Hmmmmmm ’
Additional reagents

Generate more wasie products
More time

Higher cost of product's

& & & @

Hence, it requires reducing derivatives.

* 29 Toluens' can ba exclusively converiad nto P-

wylene | Avoidi O X
and M- Xylene) by shape selective Zeclite catalyst (F | Avoiding ynd

ig-8)



CH, CH+

L‘\x_',’;f'.'f vl
CH4
Toluene prRylens

P Zeolite (-
|| + H,C—OH ' “ J
.‘H,.r"’

Fig.B:- Catalyvlic Green Reaction.

10 Designing of Degrading Product's:- Chemical products should be designed so
thal atl the end of their function, they break down into innocuous degradation
preducts and do nol persist in the environment. (Fig.9)

Polvhyvdroxvalkanoates (PH A s)

(]

o
¢ aBh s
— - i
Crop Sblﬂﬂ::i.ulutinn
e, o ] '
Plostic prodec PHA -~

Farme manan

l =S Biodegradation to co

Fig.9:- Designing of Degrading Products Using PHA'S Cycle,

and H,O

1. New Analytical Methods:- “ A
- na al
o allow for real time in i
hazardous substance *

thodologies need to be further develo
Process monitoring and control prior 1o the formation of

1Z. SBafer Chemicals for Accident Prevention :

of a substance used in a chemical process

* Analytical Substances and the form
potential for chemical accidents, including

should be chosen to minimisa th
releases, axplosions ang fires”, ’




U Efficiency Parameters used in _Green Chemistry

1. Reaction Yoeld

Actual Yield
* Reaction Yield "N

Theoretical ¥ield

* The reaction should have high percentage of yield.

<. Atom Economy

* Atom economy describes the conversion efficiency of a

chemical process in terms of all atoms involved (desired
products produced),

Mol weight of Desired product

= 100
Mol. weight of all reactants

= Atom Economy =

* For the reaction, the atom economy should be maximum.

* Conversion factor

Amount of reactant reacted

Conversion = = 100
Amount of reactant taken
* Reaction Selectivity
Beaciion Belectivity =
Amount of desired pProduct formed
E TR e
Aam tof i
m::;ﬁg product expected on the basis of reactant

Environmental Load Factor:
* Itis represented by E and it should be minimum,

Total mass of eflMluen
E = tformeq

Mﬂﬂnnfd-u.imd products X LCHOH




0 The Approaches to Green Chemistry::

T Microwave Ireadiation:  * Microwave Assisted Organic Synthesis’, is dafined

as the preparation of desired organic compounds from available starting material via

Some procedures involving Microwave Irradiation. As Il |s less hazardous, # is a
potential ool of Green Chemistry.

* Examples:- (I) Oxidation of Toluene:- Oxldation of toluene to l:rﬁrnlﬂi't-_ acid by
heating  with alkaline KMnO,, using microwave imadiation, the reaction was
completed a1 5 minutes. On the olher hand, at normal condition it was laken for
completion of this reaction at least 10- 12 hours. (Fig.10))

"_;_._J_ 1i i‘l’_" N H.g.l'lr 3 HﬁH' ) 1|' __J'_:iﬂ
o = . S R, -—
ﬁf?'-_{?rwn 2 oo, Q}F" "‘5"{*"{*%@ *‘"—'-"'-‘-.':E-";_-P_ ‘e
[ Sy s f (B3
e L N/ mg “T—— ol

—

l_ KrMnae, s Kot

T R0, MW Trradiatiim
: oo 8 — YA

The same oxidation can also be camied out by microwave Irradiation, at 500K temperature in
the presence of V0, and TiO; (Fig.11)

| ;
» il )

f;ﬁ% _(Mosrtay ) cock

TTolpene.) MW= Frnadiafion 5. 1

S

= {7 - R 5 %
\ ~/ ﬂq ﬁi\ _J I:R r K?ﬂrfp &

otid)

carboxylic acld |s commanly
bt the yield is vary low. On the

clently by heating under microwave
me. (Fig.12)
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Fig.12:- Decarboxylation Reaction using MW Irradiation in Green Chemistry.

2 Ultrasound Mediated Reaction:- Ultrasound is a sound wave with frequencies
higher than the upper audible limit of human hearing. The ultrasound Irradiation (
also referred to as Sonochemistry) is an important tool in the field of crganic
chemistry. This technique has become extremely popular in promoting various
chemical reactions, since the decade of 1990- 1999, The application of ultrasocund

has been wseful in accelerating dissolution, enhancing the reaction rates and
mcrease of product yields etc.

Example - {I) Ultrasound assisted Simmons- Smith Modification reaction:- In

this reaction Zn was sonochemically activated fo reaet with CH.l, to form the
carbenaid , which reacts with alkene to give derivatives. (Fig.13)
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Fig.12:- Decarbaxylation Reaction using MW Imadiation in Green Chemistry.

2. Ultrasound Mediated Reaction:- Ultrasound is @ sound wave with frequencies
higher than the upper audible fimit of human hearing. The ultrasound Irradiation |
also referred to as Sonochemistry) is an imporant tool in the field of organic
chemistry. This fechnique has become extramely popular in promoting various
chemical reactions, since the decade of 1980- 1999. The application of ulirasound
has been useful in accelerating dissolution, enhancing the reaction rates and
increase of product yields etc.

= Example:- (I) Ultrasound assisted Simmons- Smith Modification reaction:- In
this reaction Zn was sonochemically activated to react with CH,k to form the
carbenoid , which reacts with alkene ig pive derivatives. (Fig.13)

AR

.

i S e SRS SR
Fig.13:- Ultrasound Mediated Simmons-Smith Modification Reaction.

1CHy 4
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* Example:-

* Esterification: lyst like

* This ig Eenerally carried out in presence of n c'::l“ }'_!:j
sulphuric acid. p-toluenesulphonic acid, ml}f_h: ori ?h
Polyphosphoric acid, dicyclohexylc g 'E
feaction takes longer time and YAice Rre Jow,

HSO, R.T.

D))

—= RCOOR'

RCOOH + R'OH

CHy CH

Flg.14:- Ultrasonic Assisted Reactions in Green Chemistry.

O Recent Advances in Green Chemistry:-

development of a pracious new toal far molecular congtruction of organocatalysis _
This has had a great impact an Phamaceutical research and has madg chemistry
Greener. The advance discoverles theorem are; A plethora of highly effective smaj
molecule organocatalyst have enricheg the: field of organic synthesis, Including chirg|
Proline derivatives { L-Proline) , N- heterocyclic carbenes, Thioureas , Bcids ang
phase transfer uﬂtalj_fstﬂ ( PTC) , such as tha Quatemary ammonium salts deriveg

are; drinking watar can be star
By Heat, High Pressura, Uttrayi o : tarilised




J CONCLUSION :-

Green Chemistry, not a solution to all environmental problems but this is

the  most  fundamental approach to preventing poliution. Green Gh“"""t_’i"
applies  diagonally the lifa cycle of a Chemical Product, rndudfhg its
Manufacturer, uses, design and ultimately disposal. Green Chemistry is very
helpful in Prevention of pollution at the molecular levels. it gives innovative
scientific solutions, |t reduces the negative Impacts of chemical product's on

humans and the environment. It also plays an important role in the field of
Pharmaceautical chemistry,

project on the topic of =
nable Approaches to

Green Chemistry Principles and jr's Sustai
Chemical Synthesis and Reduce Pollution”, at
world. | am really Very grateful to him for hig y
presentation and for hig teaching and learning
preparing this presentation,
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© INTRODUCTION:

Wastewater purification. the removal of impurities from wastewater of impurities from
wastewater. or sewage. before in reaches aguifers or natural bodies of water, such as
rivers, lakes. estuaries, and oceans. Since pure water is not found in nature (i.e., outside
chemical laboratories), any distinction between clean water and polluted water depends
on the tvpe and concentration of impurities found in the water as well as on its intended
use. In broad terms, water is said to be polluted when it contains enough impurities to
make it unfit for a particular use, such as drinking, swimming, or fishing. Although
water quality is affected by natural conditions, the word pollution usually implies
Human activity as the source of contamination water pollution, therefore, is caused

primarily bv the drainage of contaminated wastewater into surface water or

groundwater and wastewater treatment is a major element of water pollution control,




* IRESENT METHODS

methods. and each of thess methods has a different treatmend process that mst
SN with an ascersment and evaluation, The four differend ndusirial waier

There mre four different wastawater treatment

treatment methods are explained below

1 PHYSICAL METHODS:
Physical water treatment involves the use of physical

methods 10 clean wastewater. This meihod inviolves processes like sedimentation,
serecning. and skimming used for remaving the solid in the wastewater. During this

process. chemicals are not used ot all. Some af the techniques of this methods are:

¥ SEDIMENTATION:
Sedimentation is a
Washewater treatment process in which
heavy  or insoluble particles  are
collected and  semarsted from the
wastewater. The water is separated from
the insoluble material settles down at the

bottom of the water ifig. 1),

Fig. 1- SEDIMENTATION

AERATION:
In this process, the wastewater i treated by providing oxygen to it

through air circulation. Cicygen or air is added to the wastewater s several ways
ncluding surface, pray, and diffused aeration The aeration process beging

't_r

immediately afier the OXYgen is in

contact with the water {fig.2).

Sy oLV i
AERATION — -' i B e




) MECHANICAL M (RELE]LE

been i existence for more than 200 vears_ i is more
applicable where there are downward flowing fluids thar are
driven by either Eravity or pressure. One downside of this
technology is thar it may not provide adequate disinfection
The sand filters comsisy of 3 large quantiry of special grade
SH0C I 2 Qrge Lank (fy 4y

Mechanical fillrmtion for watlewater treatment amd
disposal is one of the most common wastewater treatment rrethods, and it can he

achicved by this method.

CERAMIC MEMBRA NE TECHMNOLOGY:
Mechanical filtration for wastewater

freatment and deposal are two of the conventional wastewater treatment methods
and it can be achieved by either:

CERAMIC MEMBRANE TECHNOLOGY
The ceramic membrane filtration process

s the use of ceramic membrane installed
housings to filter wastewater. The
filration process will start when the
Wastewater begins 1o move through the
membranes. A feed pump is respensible
for providing the pressure needed for the

water io move through the ceramic
membrane (fig. 31
Fig. 3: CERAMIC MEMBRANE
TECHNOLOGY
SAND FILTER TECHNOLOGY:
This technology has

Fig 4: SFT




9 BIOLOGICAL METHODS:

This is the wee of biological processes to treat
wastewnater. In this stage, the organic matter like oils, human waste, soap, and
food present in the wastewater are broken down, The biological provess of
Waktewater treatment method is divided into three categories;

B AEROBIC:

Here, the organic marter in wastewater is decomposed by bacteria and
converted into carbon dioxide, Oxygen and the use of aerobic microorganisms are needed to
decompose the organic matter in the wastewater. The serobic process takes place in an
activated sludge reactor where the wastowater is mixed with a lot of aerobic organisms.

» COMPOSTING:
In this stage, treatment is carried out
by mixing the wastewater with
sawdust or any other carbon
source{fig.§)

fig-6: COMPOSTING




* ANAERORIC:

At this stage, fermentation iz used to decompose the organic matter in
wastewater instead of oxygen. The microorganisms used for this process do nof require
ovgen to break down organic matter{fig.7)

Dewatering

shudpr

fig-7: ANAERBIC PROCESS

4)_CHEMICAL METHODS:

The most commaon ones are chemical neutralization,

adsorption, precipitation, disinfection and ion exchange.

» NEUTREALIZATIOMN:
This is the use of acidic or alkaline to control and keep the

pH level of the wastewater around 7. If the water lacks sufficient acidity, then the
acid will be added to get the required pH level. Also, if the water lacks sufficient
atkaline, a base will be added to the water to get the required pH level.

* ACID+ BASE = SAIT + WATER



* ADSORPTIO

In thia metheg adsorhenes are nied tn remove soluble molecules

Fhom Whifemtes W arious brEanic materials like foxic eompounds and detergents
o he Mg By fdearring i fig-&)

CH

- J g
o T T T o
WL “CH _-QE_D_H + MNaOH
Sodhum

ARyiwrdens Siebanic Acid o Frishin
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froem WASTERAREr, Vi i organic manerial® =
a0 be remyeg B mdeorpeion. (fig-9)
CH, o
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C. ME}
"MBRANE 1 TRATION TECHNOLOGY

- It quite different from the Sono filter
g | Znt
Process. In mem brame filtratinn techrology, a low- or high- pressure membrane
system i .
Hsed to remove contaminants and toxins from the water via- several processes like

microfiltratio -
Himation. nanofiltration, ultrafiltration and reverse osmosis. (fig-13 and 14)

fig-14

D. ULTRAVIOLET IRRADIATION TECHNOLOGY:

This is an industrial wastewster
treatment method, The remove contaminants from water by using UV light, This technology
purifies water, air, and surfaces by using the high-energy electromagnetic radiation in the

spectrum. (fig-15)

Fig-15: UV IRRADIATION TECHNOLOGY



-
CHALL ENGES: (F1G.18)

I. ENERGY LONSUMPTION-

. Energy consumption ia one of the largest expenses in
;T::;:E; :-I:"I"“"“'-"TH T‘I_'nmmenl plant. Wasteveater treatment is estimated to conaume
: veloped nation's electrical power, or approximately 60 twh (tera wall)
biological treatment, generally in the range of S0-60% of plant usase.

L)

STAFF:

Operators of wastewater treatment facilities must be adequately trained and
certified individuals. They are on call 24 hours a day and are responsible for

overseeing everything from pipes.

Lk

- SLUDGE PRODUCTION:

Sludge is the residue generated during physical, chemical
and biological treatment. A major environment challenges for wastewater treatment is
the deposal of excess sludge production during the process.

4. FOOTPRINT:

Activated sludge treatment has many challenges, one of the biggest being the
footprint it demands. Activated sludge plants are costly to construct and oceupy substantial
land areas. Primary and secondary processes rely upon vust tracts of land for large and costly
seltting tank and acration basins. Due to population constantly increasing, to populations
constantly increasing, municipal wastewater treatment plants need to expand their capabilities

Ledy.

~_From Wastewater to Clean Water

=

Fig-16:

CHALLENGS
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Wastewater treatmant plants are slowly avalving,

® Inthe next decade, successful implementation of tachnolagies will

focused Intensification,

* New technologles will be focused on gases and bio-based

materials.

= Academics need more freedom to develop novel concepts.

* Collaborative platforms that enable demonstration of high-risk

technologies Is key.

+ CONCLUSION:
Wastewater treatment is an essential process that is critical in protecting
our environment and public health. By removing contaminanis from wastewater, we can
reduce the risk of water pollution and the spread of waterbomne diseases. The study
revealed that it sustains some benefits, such as improving soil quality, providing nUtrients
for plants, and saving exXpenscs of diverting freshwater for irrigation. And to ensure the
effective water supply of water into urban areas and prevent the negative effects of poor

waste water management in these kreas.
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* INTRODUCTION ;

Ve vhei i D global pospilatlom Taada b mn Tepaase i il s
ob plasvie, which In o noresses envirammental polation, Synthatie plastios aes
minlly  wede T wonerenewabile  porolem-hasel  reonees el aee
nen-hiodegrmiable. e inoroase In e waige of aynthelle, non hiodegesdable
polvimers W industiries, howelolds, anid wgrbcilinre, omises wasie genarstion and
sertous eavironmental lsswes, Industries, rossarchers, ind technologisis were Ieileing
forward 10 the development of o alenner ind more efficlent iU featuring process for
hiodegradable polymers that produces less wasie and ayolds ihe use af Hinim [l
reagents and solvenis. There 8 mn urgent need o develop renewible, sco-friendly,
Siodegradable polymers 1w replace the exlating synthetle polymers. The current ghobl

rend Is the development of an elficlent and sustainable process for n greener nml

biopolymer-based fiture, Biodegradahie polymers are o speviol oy of pal ymeen ihar
decompose under chemical, physioal, and hindogilen! interaciion with micreorganisms
front the envivomment, weh ax bacterio, fimgl, and algoe. Thay braak dowe inic
natural by-prodicis sueh ax €032, woter, and Bicrssensn widhont Producing bz
waste. The polymers are Tound hath naturnlly and synthetically and are made largely
of ester, amide, and ether [unctonal groups, The fimi man-made aynihenic
bindegradable polymer was polyiglycolic neid), which was Invented in 994
Biodegraduble polymers can be synihesised by varlous methods,

lke ring opening
polymerization, condensation reactlons, et (Fig =1}




+  Why are biodegradable polymers required ?

0 Reduce pollution::
Nowadays, a big and challenging problem is pollution. It can be soil pollution, water
pollution and air pollution. One of the reasons that pollution occurs is the use of
non-hiodegradable polymers. On the other hand, biodegradable polymers undergo a
natural degradation process, which significantly reduces the risk of poliution.

3
L

oty - . ..- T T T
m’m}'ﬂw'-%mﬂ

1) Reduce soil pollution :- In the presence of nen-biodegradable palymers, soil
can lead to mutrient depletion and hinder the growth of vegetation. When
non-biodegradable materials like plastics are properly disposed of in landfills
or open spaces, they prevent the penetration of water and air into the s0il,
disrupting the natural ecosystem. Butl in the presence of biodegradable
polymers in the soil, no pollution can occur, {Fig-2)

-

MNon-biodegradable polymer. Biodegradable polymer
Fig-2: uses afier non-biodegradable and biodegradable polymers




2)

31 Reduction in carbon emissions 1= One of the gL

Resist poltution on water-bodies:. Non-hiodegradable polymer waste has
severnl  consequences for aquatic econystems. When non-hiodegradable
materials like plastic bags, bottles, ete. enter rivers, lakes, and oceans, they
PoSE n significant theeat 1o marine life. The chemicals released from

non-biodegradable waste can contaminate water bodies, disrupting the delicate
balance of aquatic cosystems. This

biodegradabie polymers instead
when biodegradable-based materials enter bodies of water,
nto natural byproducts without producing any hazardous

problem can be solved by replacement of
of non-biodegradable polymers. Because
they break down
waste. (Fig-3)

Fig-3: water- bodies Pollution

IMPOrtng heper

: 2 its
using bindegradable polymers (o produce plastic bags s the Signis of
reduction of carbon emissions during the productio N

non-biodegradable polymers, which emil more and inore vagkyg,, (Fig-t) o

& |




2) Resizt pollution on water-hodies:- Non-hiodegradable polymer waste has

seversl consequences for aquatic  ecosysiems. When non-bindegradable
plastic bags, botiles, efte. enter rivers, lakes, and oceans, they
The chemicals released from

bodies, disrupting the delicate
lem can be solved by replacement of

d of non-hiodegradable polymers. Because
they break down

2=

materials like
posc a significant threat to marine life.
non-hindegradable waste can contaminate watcr
halance of aquatic ecosystems. This prob
hiodegradable polymers instea
when biodegradable-based materials enter bodies of water,
roducts without producing any hazardous waste. (Fi

into natural byp

Fig-3: water bodies pollution
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% Examples of biodegradable polymers :-
= Polylactic acid (PLA):-

This is & biodegradabie thermoplastic polyester belonging luﬂi:tllﬂnfpu-l}rh}'ﬂmxjr
alkanoates. It is used in textiles, packing, drug delivery, agriculture,
appliances, etc. (Fig-T)

e, y "‘anﬁwn I.h & i E: -
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& Polyhyvilroxy allamoates (PHAR-
There are linenr polvesters produced by the baoterlal formintlon of sugars or lipriels, 1t

is used ms bioplastics, biofuels, implant matertals, anlmal nutrlerts, and In fndustles,

(Fig-K)

Fig-7: Uses of PLA Fig -8: Uses of PHA

o  Polycarolaerone(FCL):-
A biodegradable polyester with a low melting point of around 60 °C and a glass

Latifpnt
= i}
W

-Caprrilscinns Pady s purda tona

transition, (Fig-%)

¢ Starch ;- Starch is found in com, potatoes, wheat, tapiocs, and some other plants, It
is being used for non-food purposes like making paper, cardboard, textiles, ete,
(Fig-10)




Fig-10: Uses of Starch Fig-9: Uses of PCL

® Mechanism of down :-

In general, biodegradable polymers break down to form gases, salts, and biomass.
1. Aerobic Degradation : Decomposition occurs through reactions in the
presence of oxygen and the formation of energy, CO2, and water.

{:nﬁh*m'lr iy Eruldun T E‘hﬁnm +C0O; + HO

2. The second mechanistic route is through biological processes into aerobic and
anaerobic processes, and through these processes, energy, methane, and water

cpnl}'n‘h:r p—— Cn:nidu: + Chinmm g3 CD’.! + CH, + Hzm

are formed.

% Uses of biodegradable polvmers to reduce pollution

I. Alternative uses of conventional plastics:- Most parts of conventional
plastics are not biodegradeble and can persist in the environment for hundreds
of years. This has led to the massive sccumulation of plastic waste in our
oceans, soils, and ecosystems, causing irreversible damage o marine life and
terresirial ecosyslems. Bul biodegrodable plastics have the ability to break

o _ B




e mborally mond become ielends For the sell, These matorinls degrade in s

shvarter pevisd ol tivme amd dpaosee sofll guiillis, (P lg=11S

; -
| T DR
i - . | ,1. :

Fig=11: Biodegeadahlo plostics

Packing of food amd other materials= Bilodegradable polymers nre
biccompatible, non-toxic, and highly selective. In the packing industry, they
are replacing conventional petrolenm=hazsed polvmers. The only problem with
svnthetic polvmers iz their resistonce to degradation in the envinmment,
Biodegradable  polymer-based mnoterinls ore copable  of  undergolng
decomposition. (Flg-12)

eh E Py kg e
ald

Fig-12: uses in packing materinl

Uses in agriculiure:- Blodegradable polymers are uwsed for seed conting,
which serves ns a soil stabiliser ond seed protector, yields rapldly in water,
forms an elTective water-soluble film, minimises the required dose of
fungicides, and provides excellent control of plant disense,  thereby
contributing 1o enhanced plant productivity. It is also used as s supes
absorbent, which will help absorh maoisture in soil.

. Used in Wastewater Tremtment: The natural biodegradable polymeric

pdsorbent can be used o remove toxic dyes. Dyes contamination s found to




=

Used in the automobile industry:- In recent vears, biodegradable polymers
have been extensively used in the automobile industry becnuse of their good
mechanical properties, high specific strength, and eco-friendly nature. It is
now replacing conventional fibres like aramid, carbon, ete. The biodegradable
potvmers can be used for both the exterior and interior components of
awomobiles. It is used in the manufacturing of interior panels in vehicles.
(Fig-15)

Fig-13: Biodegradable polymers used in the automobile industry

. In Cosmeties : Mowadays, biodegradable polymers are finding application in

the cosmetics industry. Natural and synthetic polymers are extensively used in
cosmetic and personal care materials. The major benefit of using
biodegradable polymers in the cosmetic industry is that they are usually
non-reactive when in contaet with the human skin and body. [t can be easily
broken down, metabolised, and eliminated from the body through normal

metabolic pathways. (Fig-16)

Fig-16; Cosmetics product

12



be one of the =crious jsues occurting in water bodies. which also affects
human healih, The amount of fresh water availability decreases with the
amount of waste water production. To solve this problem, hiodegradabie
pobmers were designed to clean up (he dye-contaminated water,

. Uses inm the Medical Field:- Biodegradable polymers are used in the
manufaciuring of medical devices that are used fo replace or repair some
discased, damaged, or non-fictional piece of tissue or bone, like joint, hearts.
valves, arteries, teeth, ligaments, etc. It is also used in anticancer drug
delivery, Chitosan is used as a hemostatic material to stop bleeding, and it is
obtained from the exoskeletons of marine animals such as crabs, shrimp, efc,
{Fig-13)

Fig~13:- Used in the medical ficld

 Uses in biosensors:- MNowadays, cco-friendly biedegradable polymeric

materials with good mechanical and thermal propertics have been developed
and used in biosensors. Polyvinyl alcohol is used as a subsirate in the
manufacturing of sensors, LEDs, photoelectrons, transistors, etc. for the
measurement of electrical activity that is produced by the heari, skeletal

muscle, brain, etc. (Fig-)

Fig-14: Biosensors

11
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7. Used in the antemaobile industry:- In recenl vears, hiodegradahle polymers
have been extensively used in the automohile industry because of their gnad
mechanical properiies, high specific strength, and eco-friendly nature, [t is
now replacing conventional fibres like aramid, carbon, ete. The hiodegradable
polyvmers can be used for both the exterior and interior components of
automobiles, It is used in the manufacturing of interior panels in vehicles.
(Fig-15)

Fig-15: Biodegradable polymers used in the automobile industry

8. In Cosmetics : Nowadays, biodegradable polymers are finding application in
the cosmefics industry, Matural and synthelic polymers are extensively used in
cosmetic and personal care materials. The major benefil of using
biodegradable polvmers in the cosmetic industry is that they are usuoally
non-reactive when In contact with the human skin and body. It can be easily
broken down, metabolised, and eliminated from the body through normal
metabolic pathways. (Fig-16)

Fig-16: Cosmetics product




+ Conclusion:-

Biodegradable polymers can be used to replace conventional plastics to improve the
environment while also ensuring the long-term availability of petroleum resources,
The process made in the area of eco-friendly biodegradable polymers has been
impressive. Many companies across the globe are invelved in this field of producing a
wide variety of products. However, the cost of biodegradable polymers is
comparatively high compared to conventional plastic. To overcome this issue, much
advanced research has grown as per consumer demand for biodegradable polymer
products, With the use of biodegradable polvmers, most of the ecological issues like
water pollution, global warming, the greenhouse effect, etc. can be controlied to some
extent. Most of the biodegradable polymers exhibit antibacterial and antifungal
properties. Biodegradable polymers have received much more attention in the last few
decades due to their potentinl applications in fields related o environrmental
protection and the maintenance of physical health.

13
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% INTRODUCTION ;
Altermalive enengy is any enengy source{SOLAR CELLS, FUEL CELLS AND
BATTERY TECHNOLOGY) that is an allemative 1o fossll fuel,

Everyday, the world produces carbon dicxide thal is released to the aarh's
aimosphene snd which will still ba there In one hundred years lme,

This increased content of Carbon Dioxide increases the warmith of our planet and s
the main cause of the so-called "Global Warming Effect”, One answer {o global
warming is to replace and retrofit cument technologles with allematives that have

comparable or betler parformance, bul do not emil carbon dioxide,

O Solar Cells :

¢ The principle of solar cell:~

The solar cedls are based on the principle of photovoltalc
eflect .The Photovoltaic Effect is the photogenaeration of charge carriars in light
absorbing materials as a result of absorption of light radiation. (Fig1)

= =

Fig1: Single Solar Cell

¢ Construction Of Solar Cell:
s Solar Cell {crystalline silicon) consists of a n-type semiconductor{emitter) layer and
p-type semiconductor layar (base) . The two layer are sandwiched and hance there is

formation of n-p junction. (Fig2)
The surface l& coated with anti- reflection coating to avoid the loss of incident lkght

energy due to reflection.

Fig2: Construction Of Solar cells
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& Tha Warking O Solar Call:

Whan the solsr pansl i exposed to sunlight, (Fig 3) the ight enargles are abaorbed
by eamiconducior malenais, Due 1o this absorbed energy the alectrons are liberated

e produce the axtermal DC Currenl , The DC curmant ls convarted infa 240 voll AC
icurrend wsing &n inverer for differsn) applications

¢ Type Of Solar Cells: Based on the types of orystal used, solar cefis can be

-‘.-"

classied Bs -

Monge Crystalfine Siicon Celfs.
Polycrystalline Silicon Cells.
Amorphous Silfcon Cells.

Advantage OFf Solar Cells:

Solar cells are 8 renewable energy source,
It is clean and non -poliuting,

They have a long lfatime.
They have very litle maintenancs.

Solar cells do not produce noise and they are totally silent,

Disadvantage of golar cells;
Solar power can'l be oblained &t night lime,

Eolar sales are very expensive.
Enargy is not stored in the batlery

Alr pollution and weather can affect the production of eleciricily.
They need & large areéa of land 1o produce more efficiently for supply.




L1 The Fuel Cells:~

. AWMh-MMannMWHmIMM.
mmﬂmm-mm.wﬂunﬂwmmﬂﬂtﬂmﬂu

eleciricity, haal, and waler,
* Chemical Energy convertsd to Electrical Enargy,

% Construction:=

* Anode - Negative post of the fusl cell. Conducts tha slectrons that ars freed from the
hydragen molecules so that they can be used In an extamal cireult, Elched chanmels
mwﬁmwmm-mﬂmm.

. WWMHMMM.EMMIuMMMnmh
surface of the catalyst. Conducts electrons back from the external eireult o the
mﬂmﬁummth:mehﬂnm-

. Eﬂmﬁmmﬂmmm,wrymmmnmm
mﬂmmmmm

* Catalyst-Special material thal facilitates reaction of
mmwmmmmrmwmmmmm
uﬁ:.ﬁu@lmmﬂnﬂmmﬂmmuwmwﬂmnwmn
Thphﬁﬂn-mdndﬂdnu{ﬂ-tﬂuhmﬁmﬁmFEM.

+ Working:—~

A fuel cell generates electrical power by continuously converting the chemical energy
of & fuel mewmﬂmmmM.ﬁnwun
itsalf has o moving parts, making It @ guiet and refiable saurce of power. Fuel eells
typically utiiize hydrogen as the fuel, and oxygen (usually from air) as the oxidant in
the electrochemical reaction. The reaction results in electricity, by-product water, and
by-product heat.
When hydrﬂgﬂngmsi:lmrﬂdumdhtuﬂuﬁmthcﬂﬂyﬂumfmnfﬂm
membrane splits hydrogen gas molecules ino protons and elecirons, The protons
pass through the membrane 1o react with oxygen in the air (forming water). The
electrons, which cannol pass through the membrane, must travel around it, thus

creating the source of DC electricity. (Fig:4)

Fig 4: Working Of Fuel Cells
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Types OFf Fuel Colle:~
Alkaling FC (AFC)
Phospharic Acid FC (PAFC)
Mofien Carbonale FC (MCFC)
Eolid Oneide FC (SOFC)

Bpplication:-

Can be used as power sources in remote areas.

Can be used to provide offgrid power supplies.

Can be applicable in both hybrid and electric vehicles,
Wastewater treatment plant and landfill

Cellutar phone, laptop and computers,

Hospitals, credit card centers and police stations.
Buses, Car, Planes, Boats, Fork lift, Trains.(Fig 5)
Vacuum claaner

Telecommunication, MP3 players, stc.

Cathods  Elecho sngies
Fig 5: Fued Cedls usad in cars.

Advantage:

Water is the only discharge (pure Hy)

Higher efficiency than conventional engines.
Excellent par load characierstics.

ZBro BMission,

Long operating period batween failures.

No rotating parts in the main hardware components.

Negligible noise poliution.

Disadvantage:
COy discharged with methanol reform,
Little more efficient than allamalives.

Technology is currently expensivea.

Hydrogen i often crealed using “dirty” energy (8.g., coal).

Pure hydrogen is difficult lo handle,




[ Battery technology:~

+ Battery:
* Battery is a device consisting of a seres of galvanic cells connected In series or in

MMMMW.
L] Emm-dd-mﬁurmwﬂnmmmw
- H—m-bmmdmmmm

. Mmm-mmnurwmmmmum.m
fenerate elacincity on demand,

%+ Importance of Battery:

. ﬂwmﬂymmmmmmmmmm-:mm
in the future will depend on the rapidity with which regions of the world industrialize,
hmdmm.mmummmmnmndmmmml

mmmmmhmmmmmuﬂm.

®  The growing concam with managing the costs of military, space crafts, portable
slectronics, implantable medical devices, communication technology ete.

= EBateries are portable sources of electricity.

Application:

Battery Use in Health Instruments.

Battery Use in the Medical Sector,

Battery Uses in Logistics and Construction.

Eaftery Lise in Firefighting and Emergency Response.
Battenes Uses in Military Operations.

Batery Lise in Viehicle,

Battery use in camera, light GPS, laptop ate, (figh)

l.l-l-.-'..+

Fig 6: apphcation’s

¢ Components Of Battery:

Anode container. Cathode, electralyle, separator,
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Anode - Negative lerminal -oxidation occurs (lose elecirons)

Cathose-Positive terminal -reduction occurs (gain alectrons)

Elecirohte
-5 an ion-conducting medium which conducts lons batween the electrodes so thal

the above reactions can take place,
Current flows out of the battery to perform work.

Classification:
» Three types: Primary, Secondary and Reserve.

Primary cell: Singhe use, reactions are imeversible, used when long periods of
storage are needed, once complately discharged there Is no further electrical

use.(Fig T)

Example: Dry call, Zn - MO, Li - MnO; batterios.
T . wmm

Fig 7: Primary battery.

Secondary Battery: ( Fig 8)
Rechargeabie batigries.
Reaction can be readily reed.
Emﬂm'mmmm!smmlum reaclions can be reversed.
Recharging:

Flectrodes undergo the opposilé process than discharging.
Cathode is oxidized and producas alectrons,

Electrons absorbed by @node.

_Z-”‘I_-Ef_ﬂt-

el

Fig B: Secondary battery

Examples of secondary batteries:
Lead-Acid Batiery. (f910)
Nickel-Cadmium Batiery (Ni-Cd).

. 4 ei-iron Batlery (Wi-Fiz)




Fige Fig 10

+ Beserve Batteries' A third battery calegory is commanly refermed to as the reserve
call. What differentiates the reserve cell from primary and sacondary calls in tha fact
thal a key component of the cell is separated from the remalning components, unitl

just prior to activation. The component most often isolated is the electrolyte. This
battery structure is commonly observed in thermal batteries, whereby the electrolyte
remains inactive in a solid state until the melting point of the electrolyte s reached,

alliowing for ionic conduction, thus activating the batieny. Resene batteries effactively
eliminate the possibility of self-discharge and minimize chemical deterioration. Most
resarve batteries are used only once and then discarded. Resarva batiaries are used

in timing, lemperature and pressure sensitive detonation devicas In missiles,
orpedoes, and other weapon syslems,

Exampies of reserve bafteries:
Feserve cells are typically classified into the following 4 categories.

Waier activated batteries.
Elecirolyie activaled batteries. (Mg-Ag with magnesium water electrolyle)

Sas aclivated batieries.
Lo Jon bt

Advaniages of Reserve Battery.
Unidimiled shelf life.

High power for a shor period of time.
Betier Performance.

Various design options.

‘li'll-liv
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= Lithium lon Baftery : :
A lithium-ion batlery is a lype of rechargeable baltery thal is charged and discharged

by lithium ians moving between the negative (anode) and posilive (cathode)
electrodes, (Fig 11)

A




Lithiwm lon Batteries:

h——...._

Fig11: Lithium ion battery.

¢ Construction: A lthium jon battery has four main constituents: (fig12)

m:mmmnﬂmﬂylﬂl‘rﬂn
due 1o the high reactivity of lithium. The anode is made up of graphite which can
Store and exchange lithium lons. This type of graphite compounds are callad

intercalation compounds. The guest molecules can be I; K* | or Li*

Intercalation means the reversible inclusion of a molecule or fon into compounds
with layered structure,

* Example: Graphite has layered structure.

Fig: 12

Cathode: This is the positive electrode and it

is typically made from a lithium based metal oxide of some form. There are several
diffierent lithium ion battery technologies, so the exact formal will change fram one
type o the next.

The melal axides used In cathode are:
LiCoO), LiNiO,, LiMn,O4 . Out of these three, LiCoO; has the best performance but it

is toxic and expensive. LINIO; is stable bul Ni lons may disorder. LiMn, 0, is
comparatively the best and il dogs nol cause environmental pollution.

Electrolyte: The elecliolyle is placed between the Iwo electrodes within the cell.
Since Ll ions resct violently with waler, therefore a non aguaous electrolyle must be

used in Lithium ion balteries. The electrolyte is LIPF, dissolved in 8 mixture of
ethylene carbonale and diethyl carbonale. It is often a mixture of organic carbonates
such as ethylene carbonale, diethyl carbonale,.




Beparstor: In order io prevent thes fwo elecirodes touching a saparaior bs placesd
between (he pnode and cathode, This abeorbe the elecirolyie, and enables tha
pessage of lons, bl prevents the direct contact of the two elactrodes within the

lthium oadl,

¢ Working of the battery The traditional batieres are based on galvanic action but

Lithium ion secondary batteries depend on an “intercalation” mechanism.

This imvolves the Insertion of lithium ions into the crystalline lattice of the host
elactrode without changing its crystal structure. Thesae electrodes have two key
properties. One is the open cfysial structure, which allows the insertion or sxiraction
of lithium lons and The second is the ablity lo accepl compensating electrons at the
same lime. Such elecirodes are called intercalation hosts. The chemiaction that takes
place inside the battery is as follows, during charge and discharge operation.

0GR 004G,

+ Advantages:
High energy density because of the light weight of Lithium.

High cycie life (500-1000)
Doesn self discharge
High capacity

lorvg shedf life

High woitage > 4 Volis
Ilmwkhtwﬂawﬂmu-m‘cmm.

& Disadvanlages:
short circuiting resulls in fire or explosions.

D.I.m' or ﬂl.fﬂﬂ'l-ﬂﬂlh’i-ﬂ or
s For a sale Im"!;u lasting product, specific safety issues must be taken Into
consideration while discharging the battery.

lications:
; 3:2:1 in cell phones and other electronic gadgels.




% Ocean Battery=~ The Ocean Battery is a scalable, modular solution for utility scale
#nergy storage that Is produced by renewable sources such as wind turbines and
floating solar farms &t sea. Ocean Battery is 8 pumped hydro system in a box that
provides. eco- friendly utility scale energy storage up 1o GWh scale. The mechanism
hhﬂdmhﬂud&mbdmuwmﬂhﬂnmrhﬂtmwa century as highly
refiable and sfficient.

To store energy, the system pumps water from the rigid reservairs info the fiexible
bladders or the seabed, MNow the energy is slored as potential energy in the fiorm of
waler under high pressure. When thers ks demand for power, water flaws. back from
the flexdble biadders 1o the low pressure rigid reservoirs, Dirhving multiple hydro
turbines to generate electricity. (Fig 12)

Fig 12: Ocean Baltery




* Working Process: The battery pumps water from underground reservoirs into
Mﬁmm.mmmmmmmu-mmmnm
wailes, pressurized by the sea, is routed through hydro turbines in the tube to
generate eloctricity,

* Advantage:

- mmmmﬂnmmmmﬂmmw
dmrﬂmmmmmdmmmumMmm.m
Slructure is designed to enhance marine s,

* Reliable and Affordable: By applying proven hydro dam technalogy, we can _
Mnhuﬁﬁrnﬂmimahmmmmmmwupbmﬁ.nn
makes our technology reliable and affordable.

* Ofishore Storage : Ocean battery provides utiity scale energy siorage at the
m.imh&mﬂdhm;ﬂmmﬂnmnﬂﬂmmmmﬂ.thw
mmmmmmﬂmmwmlmmmamm

> Disadvantage:

* The Ocean Battery is very expensive,




0 CONCLUSION: The alternative energy source can conclude that the altemate
Sources of energy are the future energy sources thal will help in sustaining the
environment as well as help in minimizing the dependency on conventional energy
Sources. Renewable energy supplies reduce the emission of greenhouse gases
significantly if replaced with fossil fuels. Since renewable energy supplies are
obtained naturally from ongolng flows of energy in our surroundings, it should be

susiainable.
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