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DEPARTMENT OF CHEMICAL ENGINEERING
VISION OF THE INSTITUTE

PMC Tach Polstechnic Collegs shall smerge s a premier Institute for valued added technizaleducation
coupled with Innovation, Incubation. Ethics and Professional valpes

Mission of the Institution

L. To foster the professwonal competencs through excellence m teaching and learnmg
2. To nurture overall development of students by providme Qualsty Education & Traming

. To provide innovative environmant to learm mnovais and oreate new ideas for the betterment ofoneself

and sociery

VISION OF THE DEPARTMENT

To prepare the chenucal engmmsers who can pursue ther goals which will benefyt the socisty and

(]

Lad

Alission of the Department
Impart Qualny education and tramnmg i Chemical Engineering and associated fields to enable the

students to imbibe technical and analviical skills through logical thinking:

Groom the studetns wath leadseshup skalls, professional Ethics, transparency and accoumabiluy with
technical knowledge

Inculcate sense of social and snvienmental responsibilay amone studsmts which inspres them to
apply Chemical Engmesrine pranciples m soliing  indusimal problems through sustamable and eco-
frizndly technolomss for beiterment of society and nation

Programme Educational Objectives (PEO"s)

PEQ |- Have good traming i fundamental and advanced concepts of Chemical and alliedEngineerms
for pood carser th mdustry or for Higher Studies

PEO 2 : Demonstraie professional excellence; sihies, soft ckalls and leadershin qualsties throushskall
development

PEQ 3 : Coninbute to the sconomic and emvironment of thelr communiti=s by providingapporiunities for
innovation and lifslone leaming



Programme Specific Outcomes (PSO’s)

PRS0 |- Apply knowledge of the basic science. mathematics and chemical engincering-in thedesion and
Operanons of chemeal process
PSO 2: Hase an abiliv to [dentify, formulats; and solve complex problems in the various domains of
Chemical engineering such as momentum transfer, heat rransfer, mass transferand mechanical operation
m mdustries.
PSO 3: Possess the aitttuds of mnovation and hifclone learning as per the resd of wider conig=t of

Technological changes m the fisld of chemical engmeermng.

PROGRAMME OUTCOMES

PO1: Basic and Discipline specific knowledge: Apply knowledge of basic mathematics, seience
and engmecrng mpdamentals and enpmcerme specalizstion 1o solve the ensmssring

problems
PO2: Problem analvsis: identify and amalyse well-defined ensinsenne problems weme codified
standardmisthods

PO23: Design/ development of solutions: Desizn solptions for well-défined technmical problems
and assistwrth the desien of svstems components of processes to mest specified teeds

PO4: Engineering Tools, Experimentation and Testing: Applv modem ensmesrmms tosls
andspproprisie technique to conduct standard tests and meastretienis.

POS: Engineering practices for society, sustamability and environment: Apply appropriate
technolozy in context of soc=ty. sustamability. environment and ethneal practices.

PO6: Project Management: Uss snomesring management principles indnvidually, 2= a team
member ora leader to manags projects and sffecnvely communicare about well-definad
cnEInesring aciivities

PO7: Lifelong learning: Abiliv to anabtvss indisidieal needs and encars i updatine in the
contaxt pftechnological changess,
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; 1.GREEN HYDROGEN
By S. Jaisankar — IIT yvr

1. Introduction fo Green Hyvdrogen

Hydrogen is the most abundant element in
the universe, ‘and when used asa foel ®
produces only water as a byvprodoct

However, the snvuwonmental mmpact of

hvdrogen largsly depends on how ot 15
producsd. The termr "green hyvdrozen”

refers 10 hydregen produced through the

electrolysis of water wusing renewable
energy sources. This process ensures that
the hydrogen 1s generated with mnimal
environmental impact.

2. Production of Green Hydrogen
2.1 Electrolysis

The primary msthod for producimg green
hydrogen 15 electrolvsis. This process
uvelves  splmune water (HxOQ) o
byvdrogen (H:) and oxygen (0:) using
electrienty. When the electrcity used 1s
sourced from rénewable enerzv sources
such as wmnd, solar, or hvdro power, the
hvdrogen produced 1= termed "green ”

» Electrolyzers Theeguipment used

m this process is called an
electrolvzer. Tt consists of an anode
gnd ‘a cathods zzparated by an
elecirolyte. When an  electric
cumment passes through the water: o
breaks down wmto hwdrogen and
oxyzen
+ Tvpes of Electrolvzers: There are
several types, mcludimg:
= Alkaline Electrolyzers
Using a liguid alkaline
electrolvte Iike porassmm

hvdroxide

= Proton Exchange
Membrane (PEM)
Electrolyzers. Tlsing a
solid polvmer slectralyts

= Sohd Oxide Electrolyzers:
Operating at high
temperatures and usmpg a
solid exide or cerammc
electralyte:

2.2 Renewable Energy Sources
To achieie 2 green hydrogen, the electricny
for siectrolysis must come fFom rencwable
sQuUrces;
» Solar Power: Solar panels convert
sunlight directly mto slectricty
This mfﬂ:lﬂd can be deploved at

various scales: from  small
resident:al sstups o large solaf
farms

» Wind Power: Wmnd turbinss
comvert wmd epergy  mto
electricsty, Wind farms,  whether
enshore o offthore, @re an

effectsve way  to  generate
renswable cleztricty for
slectrolysis.

» Hvdropower: Blams and

bydroslectric plants uze flowmng
water to generate elcincny. This
method 15 rehiable and can provide
a steady supply of power for
hydrozen production

3. Applications of Green Hvdrogen

3.1 Energy Storage

One of the significant advantages of green

hydrogen 15 its potental for emergy

storage Renewable energy sources like

wimd and solar are mfermittent. meanmg

they don't produce power constantly

Hywidrogen can be stored and used later,

providme a buffer for periods when

renewable energy generation s low

3.2 Transportation

Gresn hivdrogen has great potential in the

transportatien sector

» Fuel Cell Vehicles (FCVs):
Hvdrogen fuel cells convert
hydrogen mto electroicdy o power
vehicles. These vehicles offer a
longer ranpe -and faster refocling
times compared to battery electric
vehicles
»  Heavy-Duty Transportation:

Hvdrogen 1s particularly promising
for heavy-duty and long-haul
trucks. buses. and trams. whers
battery storage 18 less practical dus
to wesght and space constraints.

1.2 Industrial Applications

s -
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Hydrogen 15 a2 key feadstock m
varous mdustral processes:
+ Ammonia Production. Hyvdrogen
5 usad m the Haber process 1o
produce ammoma  which i a
crucial component in fertilizers
+ Relmimg Hydrogen 15 wsed m
petroleum refiming to remove sulfur
anid other impurities from crude o1l
3.4 Power Generation
Green hvdrogen can be ussd m gas
turbines to -generate electicdy. When
biended with natural gas or used m pure
form, hydrogen can help reduce the carben
footprnint of power plants.
4. Benefits of Green Hydrogen
4.1 Environmental Impact
The production and use of green hydrogen
result in zero gresnhouse gas emissions
This 13 3 simficant advantage over
hvdropen produced from' fossil fuels,
known as zray hydrozen, which emits CO:
during production.
4.2 Energy Security
By diversifving energy sources and relving
on renswable resources, coumnes can
enhance thewr energy securnty. Green
hvdrogen  production can  reduce
dependence on imporied fossi! fuels.
4.3 Economic Opportunities
The green hydrozen sconomy presents
opportunities. for job creation and
technological advancement. Investments
hvdrogen nfrastructure. electrolyzers, and
fuel cell technologies can droe Econemic
growih
4.4 Decarbonization
Green hvdrogen plavs 2 crucaal role m
decarbonizing sectors that are difficulr to
electrify. such as heavy industry and long-
distance transportation
5. Challenges and Limitations
3.1 Cost
Currently, . green hydrogen 1 more
sxpensive than hydrogen produced from
fosstl fuels: The high cost 15 dus to the
price of electrolyzers and the relarreely
high cost of renswable elecmicity.
5.2 Infrastructure

Developing the necessary infrastructurs for
hvdrogen  production,  storage, -and
distribution 15 ‘a2 snificant challense.
Hydrogen regquires specialized storages
tanks and pipelines dus to itz low density
atid high flammability

3.3 Enerey Efficiency

The overall eneroy efficiency of the green
bydrogen pmrlw'tinu procezs,  from
renewakble energy gensration to hydrogen
uttlizatzon. 15 relatwely low. Encroy losses
occur at each stage, meluding electrolysis;
compression, and conversion

5.4 Storage and Transpertation
Hyvdrogen has a low energy densty by
volame, which makes storazs and
twansponatien challengmme. § must be
either compressed. hguefied. or stored in
chemical compounds sach of which
mvolves enerzy and cost.

3.5 Technological Development

While advancements are bemg made
many hydrogen technologies ars still mn the
development or early adoption stages
Further ressarch ‘and deselopment are
needed to mmprove efficiency and reduce
costs.

6. Future Outlook

6.1 Technological Advances

Ongomng  research amms  to  mmprove
electrolyzer efficiency, reduce costs, -and
dezlop  betier storese solutions
Innovations m materials science and
engmeering could lead to breakthroughs in
hyvdrogen technology.

6.2 Policy and Investment

Government policies and investments play
i cruciel role in accelerating the adoption
of gresn  hvdrogen  Subsidies,  tax
mcentives, and regolations that promote
renawable ShEfEV and hvdrogen
infrastructure can drve growth i this
SETTO0

6.3 Global Initiatives

Countries  around the wetld ae
mcreasmgly focusmg on zreen hydrozen
gy part of thew climate strateges
Instiatives such as the Europsan Union's
hvdrogen stratezy and narional hydrozen
roadmaps m coumtries like- Japan South
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. Korea. and Australta are paving the

way for a hydrogen econonmiy.

6.4 Integration with Other Technologies
Green hydrogen can complement other
renswable technologies. For instance. o
can be used in combmation with solar and
wind ensrsy to balance supply and
demand, or mntegrated mfo existing natural
gas nfrastructurs as atransihonal step.

7. Conclusion

Green hydrogen represents a promusing
solutton for achisving a sustamable and
low-carbon future  While there are
sivnificamt challenges to overcome, the
potential  Dbemefms m terms of
environmentil mpact, snersyv securty, and
economic growih make o a key aréa of
focus mn the transiwon to a clean energy
svstam As technology advances and costs
decreass,  green hydrogen could play a
prvotal rele m varous sectors, from
transportation and industry to power
generation and ensergy storage.

In summary, green hydrogen 16 an exciting
and svelving field that holds great promise
for addressing some of the most pressmg
enerzy and environmental challenges of
ogr tmme. Wih continued mmovation
uivestment, and supportive policies, green
hydrogent could become a cornsrsione of a
sustainable and restlient energy future,

I1. Process Infensification
By G.Govindharaj — III vr

Process Intensification (Pl) Is 3 broad and
transformative
significantly

approach aimed at
Improving the  esffidency,
sustainaollity, and performance of chemical
and Industrizl protesses. Hers's 3 detsiled
sxploration of the conceph:
1. Introduction to
Intensification
Procsas Intensification (B1) refers to the

strategic -approach of redesigrung  and
optimizing chemical processss to achieTe

Process

higher efficiency, reduced energy
consumpton, arul mimired
snvironmental ynpact. The main ooal is to
make processes more compact, faster, and
safer. while mimproving product wvield -and
quahity. This concept emerged m the late
20th century as a responss o the growmg
need for sustamable industmal practices
and more efficient production methods,

2. Principles of Process
Intensification

2.1 Compactness and Integration

Pl ‘amms= to condense the: swze: and
complexity  of  traditiomal  process
equipment. By mtegrating multiple process
steps mHo 2 single unit or system PI
reduces the need for separate reactors
separators, and heat exchanoers. This
results m a2 more compact process
footprint, which can lower capital and
operational costs

2.2 Increased Efficiency

One of the: kev prncwples of Pl s
enhancems the efficiency of chemical
reactions and separations. [his can be
acheved through mproved mong. faster
reaction kmetics, and more sffective heat
and mass transfer Enhanced sfficiency
often leads to reduced eneroy consmmption
amd lower operating costs.

2.2 Enhanced Safety

Pl emphasizes the design of safer
proceszes by reducmg the number of
equipmeint mnferfaces and mmimirms the
handline of harardous materials. By
integrating reactions and separations into a
single vnit, Pl can reduce the potential for
leaks, spills, and accidents.

2.4 Environmental Sustainability
Sustamability 13°a core aspect of PL The
approach secks to munimire waste, reduce
eneroy consumption, and lower emissions.
This aligns with broader environmental
opals ‘and regulatosry requirements for
greener mdusinal practices,

3. Techniques and Technologies in
Process Intensification

3.1 Microreactors

Microrsactors are small-seale reactors with
high surface arca-tevolume ratios. They
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enable efficient hear and mass

tranafer, which can snhance reaction gates

and mprove safety by controlling
exothermic reactions more - effectively.
Microreactors are partucularly useful for
processes that require precise temperature
and pressure comtrol

3.2 Membrane Technologies

Membrane technolosies mvolve using
selectrve bamriers to soparate components
m a mixture Techniques such as
membrane distillation. membrane
filtration, ‘and pervaporation can enhance
separation  procssses by improving
selectivity and efficiency. Membranes can
aizo beused for reactions. as in membrane
reactors. where réactions and separations
occur simultansously.

3.3 Intensified Heat Exchangers
Traditional heat exchangers are often large
and energy-mtensive. Pl mvobves the use
of compact., hwghly effictent hear
exchangers, such as plate heat exchangers
and heat exchanoer networks These
systems improve heat tramsfer efficiency
and reduce energy consumption

3.4 Continuouns Processing

Contimuoys processing  replaces  batch

processing with a contmuwous flow of

reactants through the system Tlus
approach can enhance reaction rates,
improve product coassstency, and reduce
waste. Continuous processmg 15 often used

m conpunciion with microreactors and

other Pl technologiss

3.5 Reactive Distallation

Reactive distillation combines redction and
separation i a single unit. This technique

allows for the simulaneous conversion of

reactants and separation of products, which
can mmprove reaction kinetics and reduce
the need for multiple processing steps.

3.6 Catalys=is

Advanced catalvsts and catalytic procssses
are mtegral to PL By developing more
effsciont and ‘selective catalvets reactions
can proceed more rapdly and with higher

vields: This can reduce the nead for excess
reactants-and enefgy.

1.7 Process Integration

Brocess mtegration wmvolves combinng
different: process steps mio 2 unified
system to optimize overall performance.
Techniguss such as heat miegration. whers
waste heat from one part of the process 5
used mn another, can sigmbicantly mprove
energy efficiency.

4. Benefits of
Infensification

4.1 Reduced Capital and Operating
Costs

By makmng processes more compact and
efficsent. Pl can: reduce the swe and
mumbsr of equipment nesdad This leads o
lower capial expendifures and reduced
operantonal costs due to less energy and
material consumption

4.2 Improved Energy Efficiency

Pl technigues offen lead to more efficient
keat and msss o transfer. which can reduce
ensigv  comsumption For  example
mtensified heat exchangers and membrane
technolegws can improve heat recovery
and reduce the need for external heating or
4.2 Increased Production Rates
Enhancad reaction kmetics and continuous
processing can lead to higher production
rates. Pl enables faster and more efficient
production. which can improve throughput
and reduce produchion cvele times

4.4 Enhanced Product Quality

With mproved contral over reachion
conditions and more efficient separation
processes, PI can lead to huzher product
purity and comsistency. This 13 partscularhy
mportant m  ndustnes where product
quality 15 eritical

4.5 Reduced Environmental Impact

Pl approaches amm to minimize Wwaste
reduce  emissions, and  lower energv
consumpticn. This centributss to more
sustainable mdustrial practices and helps
companics meet envronmental regulations
and goals.

4.6 Greater Safety

Process
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By reducmg the complexty and

numiber of procass steps. Pl can enhance
safety. Imtegrated systems often have fewer
pomnts of failure and can better confrol
hazardous reactions. leading to safer
opsrations

5.  Applications of
Intensification

5.1 Chemical Manufacturing
In chemucal manufacturme, Pl techmiques
arc- used to improve reaction =fficiencics
and reduce processmg times
Microreactors, comtinuous processmg. and
wntensified hear exchancers are commonly

Process

apphed 1o enhance the production of

specialty chemucals. pharmaceuticals. and
petrochermicals

5.2 Petrochemical Industry

The petrochemical ndusiry benefits from
PI through mproved catalytic processes,
enhanced sepamtion techniques, and more
efficeent  heat mtegration These

advancemants can lead o hicher vields of

valuable products and
environmental inpact.

5.3 Pharmaceutical Industry
In pharmaceuticals, Pl enables the sfficient
svothesis of active  pharmacsutical
mzredients (API:) with gher purny and
lower environmental wmpact. Techmigues
such as contimmous procsssme and reactive
destllation are psed 1o streamlme drug
production.

5.4 Food and Beverage Industry

The food and beverage industry uses Pl 1o
enhance processing =fiiciency and product
guality. For example. membrane
technologies can improve  sepamation
processes in dary  and beverage
production, while conmhimuous processmg
can mncrease throushput and consistency
5.5 Energy Sector

In the en=rgy sector. Pl 15 azppled to
optimire ensrgy production and reduce
erissions. Enhanced heat exchangers and
advanced catalyiic processes ars used in
refining and power generation to mmprove
effictency and lower envwonmental
mmpact

6. Challenges and Considerations

reduced

6.1 Technical Complexity

Ireplementme P1 techoologies  often
mvolves compliex engmeerme and design
challences Integrating mmltiple process
steps into 2 smgle umt requmres carsful
consideration  of matenals, reaction
condstions, and system interactions.

6.2 Cost of Implementation

While Pl can reduce operational costs, the
mitial wvestment mn new technologies and
equipment can be high Companies must
weigh the lono-term benefits apamst the
upiront costs of adopting PI solutions

6.3 Scale-Up Issues

Scaling up Pl rechnologies from laboratory
or pilot scale to full-scale production can
be challengme Ensurine that mensified
processes perform comsistently ar larger
scales reguirss  thorough testing and
validation

6.4 Process Integration

Effective process integration fequires a
deep understandme of the wmteractions
between different pIoCcess sieps.
Optimezme  heat.  miass, and eneroy
mtegration demands advanced modeling
and comrol 1 5 i IES.

6.5 Safetv and Regulation

While Pl can -enhance s=afety, the
mtroduction of new te{:h.l:lﬂlm_ues and
processcs mey  reguire updated safery
protocols  and  reoulatory  approvals
Ensurme compliance with safetv standards
and regulations 15 essentaal

7. Future Directions

7.1 Advancements in Technology

Future developmems m PI will likely
focus on further advancements in
mictrorsactor desion, membrane
technologwes. and catalytic processes:
Innovations 1 matermals sgence and
process engmesring will drre contmusd
improvements m effictency  and
sustainabality.

7.2 Dagitalization and Autemation

The. mtegration of dizital rechnologes and
auromation will plav a cruseial role: n PT
Advanced sensors, dara analviics, and
process comntrol systems will enable real-

s -
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fime montonng and cphmization

of ntensified processas.

7.3 Sustamable Practices

As sustamabilny becomes increasmgly
umportant, Pl will continne-to focos on
reducing environmental rnpact
Technigques that munimize waste, ensrey
consumption, and emissions will be central
to future PI developments.

7.4 Collaboration and Research
Collaboration between mdustry, acadenua
and research mstitutions will be eszential
for advancing Pl technologies. Jomt =fforts
m research and developmenmt will drove
mnovaton and address the challenges
associated with Pl implementation.

8. Conclusion

Process Intensification represents  a
sizmficant shif m  how mdusinal
processes-are desioned and opumized By
focusing on compactness, efficiency,
safety, and sustamability, Pl offers a path
tc more efficient and enveenmentally
fnendly chemucal and industrial procezses.
While there are challénges to overcoms,
the bensfits of PI in terms of reduced
costs, mproved performance. and lower
environmental wmpact make o a crimcal
area of focus for the future of indusinal
manufacturmeg.

As taechnology contimiies to advance and
n&w solutions are developed, PL wall play
an increasingly imporiant role in shaping
the fomure of chemical and mdustral
processes,  driving
supporiing  sustamable practices across
various mdustriss.

mrovation. | and

II.Zero Ligquid Discharge
Plant By Vinoth K-II Yr

Zero Lignd Dischmee (ZID) 15 a
sustamnahle -approach to  wastewatsr
management awmed at mmmmizing hgind
waste by recoverng and reusing water and
other byproducts. Here's a comprehensrve
overview of LZero Lamid hscharoe (X1.1D)
plants:

1. Imtroduction te Zero Liguid
Discharge (Z1LD)

Zero Liquid Discharge (Z1LD) refers o a
s21 of technologies and processes designaed
to ensure that all wastewnter produced
an  mdustral operation 15 treated and
repsed, leaving no hguid waste fo be
discharged mio the envoronment. The goal
of 71D i= to achieve a closed-loop system
where all wastewatar 5 ether recyeled or
comverted into ussfisl byproducts, thereby
munimizing  énvionmental mpact -and
conserving water rSsourcss,

2. Key Components of a ZLD System

2.1 Pre-Treatment

Before wastewater can be treated ma 71D
system, 1t ofien undergoss pre-treatment to
remove larger particles: contammants, - and
mmpurnies. This step 1B crucal  for
protecine  downstteam  equipment and
ensurmne effective treatment. Common pre-
treatment methods mlude;

¢« Screening. Femoving lares solids
from wastewater

+» Sedimentation: Allowing
suspended particles to settle out

« Flotation: Using air hubbles 10
float contamunants to the surface
for remaoval

» Chemical Precipitation: Addmg
chemicals to form sohd precipriates
from diszelved contaminants:

2.2 Pomary Treatment
Brimary treatment focuses on removing
suspenided solids and organic matter. This
staze typreally mneludes

¢ Setiling Tanks Allowing pariicles
to seitle out by gravny.

» Dissolved Air Flotation (DAF)
Usine air bubbles. to separate
suspended soluds

+ Physical  Separation Using
filtration or cenmfugation o
remove solids.

1.3 Secondary Treatment

Secondary treatment targets dissolved and
collowdal organic mawer that remams after
prmary  treatment. Techmigues  osed
mnclude:

D
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+» Biological Treatment
Utihzino mICToOrganisms . to
degrade orzanic matter Common
methods include actrvated shudge
PIOCESSES, biohiters and
ssquencmg batch reactors (SBR).

+ AMembrane Bioreactors (MER)
Combmng bwological  treatment
wih membrane filtration t©
produce high-qualty =ffluemt. '

2.4 Tertiary Treatment

Tertiary treatment further pohshes the
treated water fo meet specific gquality
standards. This may mvelve:

»  Advanced
mecrofiltration.  ultrafiltration  or
[EVELSE  OSMOSIE 10 [enove
FEMAMInE Contamnants.

s+ Disinfection. Usinzg UV lLisht
ozone, or chlorme o kil
pathogens

# Chemical Treatment:

comfaminants oOr adjust  waler
qualiny:
2.5 Zero Liquid Discharge Technologies
The final stage of a ZLD system miolves
the recovary and reuse of water and
bvproducts. Kev technologies mnciude:

+ Evaporation and Crystallization
Using heat to eovaporate water,

ving behind concentrated brine
or solid residues. This can be
achieved through muhliple effect
evaporators (MEE) or mechameal
vapor recompression (MVE).

+ Reverse Osmosis (RO} A hish-
pressure process that forces water
throuzh g semi-permeable
membrane,  separstine  purifisd
water from concentrated brine

+ Zers Liguid Discharge (Z1D)
Crvstallizers. Specialized
equipment that converts
concentrated brine wo solid salts,
which can be disposed of or reused

+» Sludge Dewaterings Removing
water from' sludes to preduce a
solid cake that can be dwisposed of
or utilized

Filtration: Usme

Addme

chemicals to remove rémaining

3. Benefits of Zero Liquid Discharge

Plants
1.1 Environmmental Protection
ZILD  plams  significantly  reduce

environmental impact by 2hminating
liquid waste discharge This helps prevent
water pollution and protects ecosystems
from coptammants: By recoverng and
regamg  water, ZLD  alko  comserves
valuable water resources.

3.2 Regulatory Compliance

Many mduostrizs are subjzet to stringent
environmental  regulations  regarding
wastewater discharge Implementing 711
systems helps compames comply with
these regulations and avoid penmaltes or
leoal 1ssuss,

1.3 Resource Recovery

ZID plants enable the recoverv of
valuable byproducts from wastewater
such as salts, metals.and other chemicals:
Thesz byvproducts can be reused or sold,
generating additional revenue and reducing
waste disposal costs.

3.4 Cost Savings

Although the mmial mvestment m ZLD
technclozy can be high, lone-term savings
can be substantial ZID syvstems reduce
the mnead for -wastewater tregiment
chemicals. lower disposal cosis.. and
decrease water procurement eXpenses:

1.5 Enhanced Water Reuse

By recovering and recyvihing nearly all of
the wastewater, -ZLD plams provide a
sustainable solution for water teuss. This
= particularly valuable m regions facmg
water scarcity or  where mdustral
aperatinns raquire large volumes of water.
4. Challenges and Considerations

4.1 High Capital and Operating Costs
The mplementation of ZLD svstems
mvolves sipmficant capital mvestment n
advanced technologies and infrastructuse
Adduonally, operating and maintenance
costs can be high. parficularlv for complex
systems mvolvmmz multiple stages of
treatment and concentration.

4.2 Technical Complexity

ZID eysiems requwre a2 combimation of
varipus technologies. sach woh os owm
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. operational challenges. Integrating

these technologies mto a cchesmve system
demands careful desion. management, and
expertiss,

4.3 Energy Consumption

Processes such as evaporaton,
crystallization.  and  reverse  osmosis
consume considerable encrgy. Reducing
snergy consumption tlwoush efficiency
umprovements and renswable energy
sources 13 a key focus for optimizing Z1LD)
svstamis,

4.4 Restdual Management

While ZID systems ehmmate hgud
waste: they generate solid residuzs or bine
that st be managed Handling, disposal
or turther stilization of these residuss
prezents additsonal challenses and costs.
4.5 Secalability

Scaling ZID technelogy from pilot
projects to full-scale opsrations can be
challengmng  Ensurmp that the system
performs  effectrvely at  larmer  scales
requires thorough testing and validation.

3. Applications of Zero Liguid
Discharge Plants

5.1 Industnial Manufacturing

Industriss such as textiies,

pharmaceaticals, and chemucals produce

large volumes of wastewater contaming

various confammants. ZLD plants help
thezs mgustries mest regulatosy
requirements and munuwmrze envuonmental
impact.

3.2 Power Generation

Power plants, especiaily those vaing fosail
fuels or desalination processss, generate
sigmficant amoums of wastewater. ZLD
systems can manage this waste effectively,

recovening water for reuse and reducing

brine dizsposal issues.

5.3 Mining and Metallurgy
Minme  operations.  often
wastewater contamning heavy metals and
other comtammnants. 711D plants can treat
this wastewater, recovennez water and
valuable byproducts while minimizing
environmertal damage.

5.4 Municipal Wastewater Treatment

producs

Municipal wastewater treatment facilmies
can beneft fom ZLD svstems by
recovenng water for reuee and reducing
the volume of sludge requiring disposal
This appreach supports sustaimnable urban
WaELEl manarement.

6. Future Trends and Innovations

6.1 Advanced Membrane Technologies
Innovations 1n membrané technologies,
such as high-performance membranss and
mproved foulng resistance. are enhancing
the =fheiency of ZLD systems. Thess
advancements contribute to better water
recovery and reduced operational costs.

6.2 Enercy Efficiency Improvements
Research nto zaergv-efficient
technologies and renswable energy sources
18 helpmg to  reduce: the energy
consumpton of ZID systems Integrating
solar. wind, or waste heat recovery can
loweer operatwonal costs and  improve
sustamnability.

6.3 Automation and Smart Svstems

The. adoption of aviomation and smart
technolpgies 1s improving the control and
monttorme of ZLD) svatems Realtime
data anabiics and advanced process
control can optimize performance. deiect
1s5ues  early, and epnhance overall
efficiency. '

6.4 Integration with Industrial Processes
Integrating FII) systems with existing
mdustrial protesses 15 a growmes trend. By
designme Z1.1) solunons that complement
amd enhance exsting operatons, industries
can achieve greater sustmnabildy and
efficiency

6.3 Policy and Regulation

Az envionmental regulation: hecoms
more stoneent, the adoption of ZLD
techoolomes 13 likely 1o  ncrease
Governmeants -and regulatery bodizs may
offer mncentives or mandates o encourage
the implementation of 7Z1.D) systems.

7. Conclusion

Zero Liguid Discharge (Z1D) represemis a
significant  advancement i Wastewater
managemsnt, offermg 2 comprehensive
approgch  t0  treating  and  feusing
wastewater whils TIMMIZ g
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environmental impact. By
utagrating  varous technologies and
processes, Z1I) syvstems can  acheeve

sustainable water management, ftecover
valuable by products. and comply with
stringent eavwonmental regulations,

Despite the challenges associated wih
high costs: techmcal complexdsy. and
energy consumption, the benefrts of ZID
m terms of envwonmental protechon,
resouree fecovery, and cost savings make
it & valuable strateoy for mdustnies across
various sectors. As technologzv continues
e svolve and mnovation dooves
mnprovements. Z1D systems will plav an
mereasingly important role in supportmg

sustamnable industmal practices  and
addressing ziobal water scarety
challenges.

IV, SCADA and  its
Applications By Mohith

Reddv L -1II Yr

In chemucal engimeenine the complaxaty of
processss and the nsed for precision
demand sophisiicated contrel svstems o
ensure safety. efficiency. and productivity.
SCADA (Superviserv Control and Data
Acquismion) svstems play a crucial role in
managmg these processes by providing
reab-timie momtormg, control and data
analysis. Here's an m-depth look ar how
SCADA svstems are uithized m chemical
engmeering.

Understanding SCADA Systems
SCADA svstems are desizned to monior

and control mdustrial processes from a

central location They cellect data Gom
varions senzors and imstruments. process
this mformation and present it throuzh a
user mterface. SCADA systems typically
mchide several kay components:

1 Senszors and Instruments:
Measure physical parameters lhke
temperature, pressure, flow rafes,
and chemical concentrations.

r-.-l
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Remote Terminal Units (RTUs)
and Programmable Losgic
Controllers (PLCs): Collect data
from sensors and sxecute comirol
comttiands.

Communicafion Infrastruciure:
Transmps data between ficld
devices: and the cemtral SCADA
syitem

. SCADA Software and Human-

Machine Interface (HAMT):
Processes data and provides @
oraphical iterface for operators to

monrttor and contrel the processes.
Databases: Store hstorical data

for analysis and reportmgz
Applications of SCADA in
Chemical Engineering
I Process Control: In chemical
enginesrmg, processes often
mvolve complex reactions and

o

multiple stages. requirng precise
comtrel over ~vanables such as
temperature, gpressurs, and flow

rates. SCADA  systems  allow
engmncers t0  mongsor  thess
parameters in real-tome, adjust

conirol variables, and ensure that
the process remans within optimal
operating condmons. For instance,
in a distillation column SCADA
can coatro! the temperature and
pressure [0 optimize  separation
eificiency

Safety Management: 3Safety s
paramount in chemical ensinesring
dse t©o the potentisl hazards of
chemical reactions and the
handling of toxic or flammable
substances.  SCADA  systems
enhance safety by contimugusiv
montorng critical parameters and
derscting deviations from safe
operating ranges. |hey can trigoer
alarms and shur down systens
putomiatscally in case of
emergencies. For example f a
fEacior s pressurs sxcssds a safs

limni, the SCADA system can
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activate safery valves or stop the
reaction to preveint an explosion

Quality Control: Consistency in
product qualty 15 essential in
chemical manufacturing. SCADA
svstemg help manfain quality by
ensuning that all process parameters
are controlled and monitored
aecurately. They provide real-time
data on product specifications and
can adjust process condmions to
meet gualty standards.  Fer
nstance,

SCADA

pharmaceuticals, can
ensure  that ths mmmg of

mgredhents 15 dons under precissly
controlled conditions to mest the
reguired pusity levels

Enpergy Management: Chermical
processes can be enetgy-miensre,
and managing enerzy consumption
18 crucial for cost conirel and

snvironmeiital sustamability.
SCADA sysiems can monttor
ensrgy usags, wentify

mefhclenciss, and optimizs ensrgy
consumpiion by adjusting process
parameters m  real-time For
sxample, SCADA can help manage
the enerzy usage
systems 10 reactors or control the
operation of pumps and
cOmpIessors 10 MIMMIZFE £Hergy
waste,

Maintenance and
Troubleshooting: Preventive
mamtenance is critical m chemical
enginesring to avord unplanned
dovwntims and ensurs  reliable
operation. SCADA systems.
provide valuable data for predictove
maintengance by analyzing trends
and dentifying potential 1ssuss
before they lead 1o eguipment
failure. They can also assist m
troubleshootine by providing
detailed mformation about process
condmwons and  histoncal  dara
helpng SHSMesrs diagnose
problems more effectuvely

m the production of

of heating

6.

Data Logging and Reporting:
SCADA systems contmnuously log
data from warious sensors and
mstmments, creatng a
comprehensnve: record of process
condmwns. Thie data = sssental
for regulatory compliance,
performance analvsis, ang]
comtmuous mprovement SCADA
sysiemis can Senctalc feporis and
charts that help engmnesrs anmd
managers TEVIEW process
performance. track frends. ‘and
make mformed decisions. Feor
example, compliance reports for
emvironmental regulations can be
automatically generated based on
the data collected by the SCADA
system

Benefits of SCADA Svstems in
Chemical Engineering

L

b
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Real Time  Monitoring  and
Control: SCADA systems provide
realtime visibilify  info  process
operations, snabling ensine=rs 10
fespond quickly to changes and
mamtam optimal condmion: This
capability 15 crocial n chemacal
processes where condmions can
chanpe ramdly  and requre
immediate adjustments.

Improved Safety: By continuously
monttorme critical parameters and
antomating safety controls,
SCADA systems enhance safety
and redoce the risk of accidems
Aptomated alarms and smerpency
shutdowns help prevent hazardous

sguations  and  protect both
personne] and equipment.

Enhanced Efficiency: 5SCADA
systems optimize pIGCess

performance by providing precise
control and real-time data analysis,
This leads o improved efficiency,
reduced LT and lower
operational costs. Efficient comtrio
of processes also helps m
mamiammg consistent  product



4 Data-Driven Decision
Making: The daia collected and
analvzed by SCADA systems
support informed decision-making
Enginests and managers can use
historical dafa and tremd analysis fo
make stratesic decisions, improve
processes, and implement best
praciices.

Scalability and  Flexibility:
SCADA systems can be scaled to
accommeodate growing operahons
and adapted to new processes or
technologies. This  flexibilny
ensures that the svstem remains
effective a8 the nesds of the
chemical plant svolve
Challenges and Considerations
Whils SCADA systems offer numerous
benefits; there are also challenges to
consider:

1. Complexity: Implementing and
configuring a SCADA system can
be complex. requirme specialized
knowledge and experiise.
Integration with existing systems
and processes may also present
challenges.

2 Secunty: SCADA systems can be
vulnerable to cybersecurny threats.
Ensuning robust security measurss,
such as encrvpiion and acesss
controls; is essential 1o protect
agzinst unauthorzed access and
potental attacks.

Cost: The mmal mvestment in
SCADA  systems can  be

14

|

significant. However, the long-term
benefiis i terms of efficiency.
safety, and data amalysis often

justify the cost.

Conclusion

In chemical engmeering, SCADA systems
are indispensable toels for manacing
complex processes, snsurmg safety. and
optimizing performance. By providing
real-time mongonng, contrel and data
snalysis,.  SCADA  systems  enhance
aperational efficiency, product quality. and
safety. Despre  the challenges.  the

-advantages of SCADA svstems make them

a valuable aszet m the chemical mdustry,
drving mnovation  and | contmuous
Umprovement in Process management.
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SYNOPSIS:
The kneading process 15 the crucial operaton in food mdustry, There 15 still need for
inprovement on desizn of kneading dousgh mixers, despite the availability of @ number of them
1 the market_ It 15 required that the constituents be mixed efficiently at a shorter time. The cost
of the machine should also affordable A kneading dough mixer has been designed for thus
purpose whilst the muxing basin stationary. the sturer {suspendad on the muxing basin) rotates m
clockwise direction. Performance test result shows that proper dough mixing is achieved m a
comparatively shorter iime and the cost 1s guite affordable with 20% process sfficiency.
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22601042  NAVEENKUMARG
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22601032  DINESHK
22690561  CHANDRUS
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Industrial Crystallizer 1s a device in which hot solution 1s allowed 1o cool and form erystals. The
formation of crystals is known as crystailization Hot water from boaler 1s let into the erystallizer
and chemicals are added so as to make the solution super saturated; as the temperature of
solution Reduces the formiation of ervstals takes place and this 1s known as nucleation Blades of
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the crystallizer rotates contmuously so as to form even sized crystals. The function of
the crystallizer 15 mamly to form crystals. This project is to design a Honzontal Crystallizer.

22690578  PAVAN KUMAR G
269055  DHANUSHS
22630566 ~ ELUMALAIB
22630550 POOMANI?
22010460  SANJAYR
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Lemon balm is also known as Melissa officinalis or mint is @ herb belongs to the mint family
for centurtes this persnmal herb fom the mum fmmily has been used for e calming effects
and vartous health bensfits . one of the most popular msthod fo harness this herbs 15 by
creating 3 concentrated form called lemon balm extract Chop fresh lsaves: [f using fresh
lemon balm. chop the leaves mnto small pieces using a sharp kmife or kitchen scissors. This
will help release their natural oils during extraction Powder dried leaves: For those who
prefer working with dried material use a mortar and pestle or an electnic grinder (hike one
used for grnding flaxseeds) to gnnd your dried lemon balm mto a fine powder
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By Balaji Manager/ Global Calcium 1.td (2009 Passad Out)

Current opportunities for freshers in entry level in various domains

1. Process Engineer

Role: Process Engineers design. implement. and optimize industrial processes. They work 1o
unprove £fficlency, qualiy. and safety in manufacturing environments

Industries: Chemical manufacturing. petrochemucals. pharmacenticals, food and beverages,
and materials science.

Opportunities: Entry-level positions in process engmesring often miolve working under the
guidance of setiior engineers to learn the itricacies of process design and opumization.

2. Chemical Plant Operator

Raole: Plant Operators oversse the day-to-day operations of chemical plants. They monttor
equipment, ensure safe operations, and troubleshoot 1ssues.

Industries: Ol and gas. chemical manufacturng_and specialty chemicals.

Opportunities: Freshers can stant in roles such as comirel room operators or process
techmeans with oppertunties for career progression as thew gam axperiznce.

3. Quality Control’Assurance Engineer

Role: Quality Control Engineers ensure thar chemical products meet specified standards and
regulations. They conduct fests, amalvze results, and mmplement quaitty improvement
Measures.

Industries: Pharmaceuticals. food and beverages, cosmetics. and industrial chemicals
Opportunities: Entry-level positions melude quality control technician or analyst roles. with
potennal advancement into more specialized or managenal positions.

4. Research and Development (R&D) Chemist

Role: R&D Chemasts work on developing new products or improving existing ones. They
conduct expetiments, analvze data and collaborate with other scientists

Industries: Phartmaceuticals, agrochemicals, matenals sctznce; and consumer goods:
Opportunities: Fresh oraduates can stant as jumior chermsts or yesearch assistants,
comtnbuting to expeérmental work and data analysis.

5. Environmental Engineer

Role: Environmental Engineers focus on reducing the environmental mmpact of mdustnal
processes. Theyv desion systems for waste treatment. pollution control, and sustamabilsy,
Industries: Chsmical manufacturme snesgv, waste manzgement, and environmental
consulting

Opportunities: Entry-level postions myvelve supperimg environmental complianes efforts,
conducting site assessments and developme mitization strategies.

6. Safety Engineer

Role: Safety Engmeers ensure that chemscal processes and facilties operate safely and
comply with heaith and safety reculations. They conduct nisk asssssments and implement
safety protocols.
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Industries: Chemwical manufacturing, petrochemicals, pharmaceuticals. and
construchon.
Opportunities: Freshers can start m roles such as safety coordinators or assistant safety
enginesrs, working on safety audss and mcident mvestigations.
7. Technical Sales Engineer
Role: Technical Sales Encineers bridse the gap between engineering and sales They provide
techmical support and expertise to clients, belping themy understand and use chemical
products,
Industries: Chemical manufacturing, industnial equipment, and specaalty chemacals
Opportunities: Entry-level roles mvolve working wath senior sales engmesrs to develop
client relatonships and suppon sales activities
8. Supply Chain Analyst
Role: Supply Chain Analysts manage the fiow of materals and products withm the chemucal
mdustry. They optimize logistics, procurement; and mventory management.
Industries: Chemical manufactunne, pharmaceuticals, and consumer soods.
Opportunities: Fresh graduates can start-as supply cham coordmators or analysts, focusme
on logistics planning and supply cham efficiency
9, Consulting
Role: Chemical Engineermge Consultants provide expert advice to improve processes,
manage projects, and selve techmesl problems m various mdustnes.
Industries: Consulting firms. chemical manufacturing, and govemment agencies
Opportunities: Entrv-level consultants mav assist mn research data analysis, and progect
management under the supervision of expertencad consultants.
Emerging Trends
+ Sopstainability: Increasing emphasis on sustamabls practices opens up opporfunmitiss
m gresn chemistry, waste reduction, and renewable encrov.
« Digitalization: The imtegration of dignal technolozies liks IoT and data analytics in
chemical engineering is creating new roles i process automation and data analysis.
Where to Find Opportunities:
+ Job Boards and Company Websites: Platforms like Linksdin Indesd. and
Glassdoor list mumerous entry-level positions
o Umiversity Career Services: Many unmversitiss have dedicated caresr centers that
help students find mternships and job placements:
¢ Industry Conferences and Networking Events: Attendne mdustry events can
provide valuable connections and msghts into job opetings.
Fresh graduates m chemuical engmeermg should explore vanions industries and roles to find
the best fit for thew skills and imterests. The diverse opportunitics available cater to different
aspects of chemucal engmeering. offering pathwavs for professional growth and development.
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Mysrery

The Mysterious Reactor

Ina chemical plant. there's a reactor that's known for s efficiency, but recently, engineers
have noticed adropin performance Thereactor’s efficiency seems to be tied to a specific et
of condnions, but no one 1s gurte sure what those conditions are.

You have the followmg data about the reactor

Feed Composition: The reactor takes two inputs: A and B. The fed consists of 60%
Aand40% B by mole fraction.

Reaction Details: The mam reaction m the reactor 18 A-B—CA + B 'nzhtarmow
CA=-B—C The reaction 15 first-order with respect to both A and B.

. Reaction Rate Constant (k): The rate constant for the reaction 15 gtven by

=0 05 L (molicdotpsik = 0.05 ‘text{ L'{mol's)}k=0.05 L (mol=dotps) at the
operating temperature.

Reactor Volume (V): The volume of the reactor 15 100 liters.

Flow Rates: The fezd flow rates are such that the total molar flow rate into the reactor
i5 10 mol's.

Conversion Data: At steady state the conversion of A 1= abserved 1o be 40%.

Your task 1s to determine the following:

ol o

[P

The concentration of A and B in the reactor.
The actual volumetric flow rate of the feed into the reactor.
Why might the reactor efficiency have dropped?

Qﬁ 15 |
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2. some chemical engineers may malke these and get
patants far them

5. Tha hasic material for which.a oroduct g mads

6. An impartant skill for chemiczal enginesrs to have in
order to desion new technology ’

B. A sactor a chemlesl enginger may wark In,
something that can not be created nor destroyed

9, Chamistry, biokooy, and physice 2re al yoes-of
thasa

10. Slang or shortened name for Chemicel Engineers

Down
1. examples of products made by chemE

3. A place where many chemical sngingars work o
install their davices

4, Chemical enginesrs work ta develop naw

chamical.,.
E. Tha things chamical engireers make and work with

7. @ persen who designs, bullds, or maintains,
araines, machines, ar puhlic works.

11, Chemical englhsers combine these b rrake naw
chemicals: there is a periodic table af them
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MCQ Questions

1. What is the primary function of a chemical reactor?
A) To store chemucals
B) To mix chemucals
C) T carry out chemued! reactions
D) To szparate chemucals
2. In a firsi-order reaction, the rate of reaction depends on:
A) The concentration of reactant ratsad o the powerof 2
B) The concentration of reactant rased to the pover of |
) The square root of the concentration onf reactant
D) The eoncentration of reactants to the power of 0
3. Which of the following is a common unit for measuring flow rate?
A) Pazcal
B) Jouls
) Liter per second
D) Eesivin
4, The ideal gas law is given by;
A) PV=RTPV = nRTPV=nRT
B) P=nRTVP = \frac{nRT) {V}P=VnRT
C) V=nRTPV = frac{nRT} {P}V=PoRT
D All of the above
5. In a distillation celumn. the purpose of the condenser is to:
A Heat the vapors
B} Convert vapor to hguwd
) Cool the liguud
D)) Separate solids from hguids
6. Which type of reactor provides the highest conversion for a given residence
time?
A) Batch reactor
B) Plug flow reactor
) Continucus stirred-tank reactor
D) Packed bed reactor
7. The activation energy of a reaction is:
A) Theensroy required to break bonds
B) The snergy neadad 10 initate a reaction
) The energy reieased during a reaction
D) The total enerzy of the reactants
8. In heat transfer, the term *conduction’ refers to:
A Transfer of heat through fluxd movement
B) Transter of heat through radistion
) Transfer of heat throogh a solid medmm
D) Transfer of heat through phass change
9. What is the role of a catalyst in a chemical reaction?
A) To increase the concentration of reactants
B) To.decreass the activation encroy of the reaction
C) To mcrease the temperaturs of the reaction
D) To change the 2aquilibrmim constant of the reaction
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10. Which of the following equations represents the continuity equation
in fluid mechanics?
A) EA<Viext{Q] = text{A) times text [V)Q=A~V
B) P=VxTitext [P} = Hext (V] 'times wext [T}P=V=T
C) Fem=a'text{F} = test{m} ‘timss ‘rext{a}F=m=a
D) E=m=exTiiext{E] = text|m)] tumes ‘text{c} ‘nmes et {1 }E=m=ecxT
11, The term ‘enthalpy” refers to:
A) The.intemal energy of a system
B) The energy requirad to mamtam constant pressure
() The total heat content of a system
D) The heat transferred during a phase change
12. In a chemical equilibrium, if the reaction A+B—C+DA + B \leftrightarrow
C + DA+B—C+D shifts to the right, it indicates:
A) Theformation of more reactants
B} The formatton of more products
) No change in the concentration of reactants or products
D) Decrease in temperature
13. The Reynolds number is used to determine:
A) The heat transfer cosfficient
B) The flow resime (lanunar or turbulesnt)
C) The reaction rate
D) The density of the fluud
14. Which of the following is a common method for separating compenents in
a mixture?
A) Filtration
B) Centrifusation
C) Distillation
D) All ofthe ahove
15. In a centrifugal pump. the impeller is used to:
A) Inerease fluud pressure
B) Reduce find temperatare
) Measurs fluid flow rate
D) Separate solid particles from the fluud
16. The term ‘stoichiometry” in chemical engineering refers to:
A) Thesmdy of reaction rates
B) The meazurement of chennical substances
) The calculation of reactant and product guantiics m a reachion
D) The design of chermical reactors
17. What does the term ‘effluent” refer to in a chemical process?
A} Input matenial
B) Bv-product of the process
) Waste or discharge from the process
D’ Catalyst used 1 the process
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