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Course Structure for Chemical Engineering as per NEP-2020

SemesterV

Category

CourseCode

CourseTitle

EvaluationScheme

CA

MSE

ESE

Total

Credit

PCC

26AF1507PC501

Chemical Engineering

Thermodynamics-I1

20

20

60

100

3

PCC

26AF1507PC502

ChemicalReaction

Engineering-I

20

20

60

100

PCC

26AF1507PC503

MassTransferOperations-

I

20

20

60

100

PCC

26AF1507PC504

ChemicalTechnology

20

20

60

100

OE

26AFIMACOEMOSH

OpenElective-III(Equity
Stockmarket)

20

20

60

100

MDM

26AF1507MD506

Multidisciplinaryminor-
[II(HeatTransfer

Operations)

20

20

60

100

PCC

26AF1507PCL507

ChemicalEngineering
Lab I
(CRE-I/MTOI)

60

40

100

PEC

26AF1507PE508

ProgramElective-I
A.Numerical

methods
B. Introduction
to Bioprocess
Engineering
C.Mathematical
Modeling in
Chemical

Engineering

20

20

60

100

ELC

26AF1507SES09

Seminar

60

40

100

Total

19

260

140

500

900

22




Semester VI

PCC

26AF1507PC601

ChemicalReaction
Engineering-I1

20

20

60

100

PCC

26AF1507PC602

MassTransferOperations-

II

20

20

60

100

PCC

26AF1507PC603

ProcessDynamicsand

Control

20

20

60

100

PCC

26AF1507PCL604

PICLab

60

40

100

PEC

26AF1507PE605

ProgramElective-II
A. EnergyTechnology
and Conservation
B. RenewableEnergy
Resources

C. GreenTechnology

20

20

60

100

MDM

26AF1507MD606

MultidisciplinaryMinor-
IV(Mass Transfer

Operations)

20

20

60

100

PEC

26AF1507PE607

ProgramElective-II1
A. PlantUltilitiesand
Plant Safety
B. IndustrialSafetyand
Hazard Mitigation
C. DisasterManagement

inChemicallndustries

20

20

60

100

VSEC

26AF1507PCL608

Chemical Engineering

Lab-II(CRE+MTO)

60

40

100

ELC

26AF1507MP609

Mini-project]

60

40

100




Field Training /
Internship /Industrial
Training (about four
weeks which can be
completed partially in
fifthsemesterandsixth
semesterorinatone
time)tobeevaluated in
seventh semester.

Total

20

300

120

480

900

24




Semester:V

ChemicalEngineeringThermodynamics-I1 3Credit
Category |Code SubjectName L P | CA | MSE | ESE | Total | Credit
PCC 26AF1507 | ChemicalEngineering
PC501 3 - 120 20 | 60 100 3
Thermodynamics—II
CourseOutcomes:Atthe endofthecourse,thestudentwillbe ableto:
COl | Calculateheat effectsinvolvedinindustrialchemical processes
CO2 | Determinethermodynamicpropertiesofgaseous mixtures/solutions
CO3 | CalculateBubble-P&T,Dew-P&T forbinaryand multi-component systems
CO4 | Calculatevapor-liquid equilibrium(VLE)compositionforideal andnon-ideal systems
CO5 Determineequilibriumconstant andcompositionofproductmixtureatgiventemperature
Andpressure
Mappingofcourseoutcomeswithprogramoutcomes
PO1 | PO2| PO3| PO4| PO5S| PO6| PO7| PO8| PO9 | POI10| PO11l| POI12
Col1 | v v v v - - v - - - -
co2 | v v v v - - v - - - -
CO3 | v v v v - ; v ; _ _ -
CO4 | v v v v - ] v Vi - - -
CO5 | v v v v - _ _ _ - _ -
DetailedSyllabus:

Unit I: Solution Thermodynamics Framework: Fundamental property relation, Chemical potential

and phase equilibria, Partial properties, Ideal gas mixture, Fugacity and fugacity coefficient: Pure

Species,Speciesinsolution,Generalizedcorrelationsforthefugacitycoefficient, Theidealsolution,




Excessproperties.

Unit II: Phase Equilibrium Introduction: Property Changes of Mixing, Heat Effects of Mixing
Processes, The nature of equilibrium, the Phase Rule, Duhem’s Theorem, VLE: Qualitative behavior,

Equilibrium and Phase Stability, Vapor/Liquid/Liquid Equilibrium.

Unit III: Thermodynamic Formulations for Vapor/Liquid Equilibrium: Excess Gibbs Energy and
Activity Coefficients, The Gamma/Phi Formulation of VLE, Simplifications: Raoult’s Law, Modified
Raoult’s Law, and Henry’s Law, Correlations for Liquid-Phase Activity Coefficients, Fitting Activity
Coefficient Models to VLE Data, Residual Properties by Cubic Equations of State, VLE from Cubic

Equations of State, Flash Calculations.

Unit IV: Chemical Reaction Equilibria: The reaction coordinate, Application of equilibrium criteria
to chemical reactions, The standard Gibbs energy change and equilibrium constant, Effect of

temperature on the equilibrium constants, Evaluation of Equilibrium Constants.

Unit V: Chemical Reaction Equilibria: Relation of equilibrium constants to composition,Equilibrium
conversions for single reactions, Phase rule and Duhem’s theorem for reacting systems, Multi reaction

equilibria, Fuel cells.

Text/Referencebooks:

I. J.M. Smith, H.C. Van Ness,and M.M.Abbott,ChemicalEngineering
Thermodynamics, 6™ed, Tata McGraw Hill edition, 2003.

2. Y.V.C.Rao,“ChemicalEngineeringThermodynamics”,University Press1997

3. S.LSandler.“ChemicalEngineeringThermodynamics”,Wiley,NewY ork,1999.



ChemicalReactionEngineering-I 3 Credits
Category |Code SubjectName CA | 'MSE  ESE | Total | Credit
PCC 26AF1507 | Chemical Reaction

PC502 . . 20 20 | 60 100 3
Engineering-1
CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarity and

knowledge of appropriate solution techniques related to:

1.

equations along with rector sizing

Ratelawsusedinchemicalkineticsanddesignequations

Molebalancesinchemicalreactions,typesofreactorsandtheirperformance

. Reactordesigninisothermalconditionsanditsapplicationstodifferenttypes of

reactors and problems.

CourseOutcomes:Attheendofthecourse, thestudentwillbeable to:

Collectionandanalysisofdata, integralanddifferential methods

Catalystsandcatalysis,ratedeterminingstepsand applications

CO1 | Understanddifferenttypes ofchemical reactors.

CO2 | Writeratelawforchemicalreactionsofdifferentorders.

CO3 | Analyzetheperformanceofdifferentreactors tocarryoutisothermalprocesses
CO4 | Analyzethereactiondatabydifferentanalysismethods

COS5 | Understandcatalysis andanalyze theratedeterminingstepincatalyticreaction




Mappingofcourseoutcomeswithprogramoutcomes

PO1 | PO2 PO3| PO4| PO5| PO6| PO7| PO8| PO9| PO10| PO11| PO12
COl1 v v v v v - - - - - - -
CO2 v v v v - - - - - - -
CO3 v v v v - - v - - - - -
CO4 v v v v - v - - - -
CO5 v v v v v - v - - - -
DetailedSyllabus:

Unitl:MoleBalances:Definitionoftherateofreaction, Generalmolebalanceequation,BatchReactors,
Continuous-flow reactors, Industrial reactors

Conversion and Reactor Sizing: Definition of conversion, Design equations, Applications of the design
equations for continuous-flow reactors, Reactors in series
Unitll:RateLaw:Basicdefinitions,Reactionorderandratelaw,reactionrateconstant,theoriesof reaction

rates.

Stoichiometry:Batchsystems-Equationsforconcentrations,constantvolumebatchreactionsystems; Flow
systems - Equations for concentrations, liquid phase concentrations, Reactions with phase change Unit
III: Isothermal Reactor Design: Design structure for isothermal reactors, Scale up of liquid-phase batch
reactordata tothe designof aCSTR, Design ofcontinuous stirred tankreactor-AsingleCSTR, CSTRs in
series, CSTRs in parallel, A second-order reaction in a CSTR, Tubular reactors.

Unit IV: Collection and Analysis of Rate Data: Batch reactor data, Method of initial rates, Method
ofhalf-life, Differential reactors.

Unit V: Catalysis and Catalytic Reactors - Catalysts, Steps in a catalytic reaction, synthesizing a rate
law, mechanism and rate - limiting step, Heterogeneous data analysis for reactor design, Catalyst

deactivation-Types of catalyst deactivation



Texts/References:

1. H.S.Fogler,"ElementsofChemicalReactionEngineering",3rdEd,NewDelhi-PrenticeaHall, 2001
2. O.Levenspiel,“ChemicalReactionEngineering"WilleyEastern,3rdEd., 2000

3. J.M.Smith,“ChemicalEngineering Kinetics”,?ardEd.,McGraw- Hill, 1988.



MassTransferoperations-I 3 Credits

Category | Code SubjectName L | T | P CA |[MSE | ESE | Total | Credit
PCC 26AF1507 | MassTransfer
PC503 . 30 -] -120 20 | 60 100 3
Operations-I
CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarity and

knowledge of appropriate solution techniques related to:

1. Diffusioninfluidsand solids,masstransfer coefficients.
2. Materialbalancesandco-current,counter-currentoperationandconceptofstage.
3. Gasabsorptionandstripping,numberoftransferunitsinplatetowersandpackedbedtowers.
4. Liquid-liquidextractionandsolid-liquidextraction,andcalculationofamountofsolventneeded and
number of stages.
5. Adsorptionandionexchange,adsorptionisothermsandtheirapplications.
6. Equipmentformajorlygas-liquidoperations.
CourseQutcomes:

Oncompletionofcourse,studentswillbeableto:

2
3
4.
5

1. Understand Fick’slawof diffusion
Determinemasstransfercoefficients
Calculaterate ofmasstransfer inabsorptionandadsorption
Calculaterateofmasstransferinextractionandleaching

Selectequipmentforgas-liquid operation




Mappingofcourseoutcomeswithprogramoutcomes

PO1 PO2| PO3| PO4| PO5| PO6| PO7| PO&| PO9| PO10, POIl11] POI12
col v ; v v - ; : _ ] ] - -
co2 v - v v - ; _ ] ] _ _
co3| v v v v ; ; _ _ _ _ -
cod v v v v - ; : _ ] ] - -
Ccos| v v v v - ; : _ ] ] - -

Unit I: Basics of mass transfer, molecular diffusion in fluids,Fick’s Law of diffusion, different cases of
mass transfer, diffusivity of gases and liquids, mass transfer coefficients, mass transfer from a gasinto
falling liquid film, eddy diffusion, different theories of mass transfer, momentum , heat and mass

transfer analogies, diffusion in solids

Unit II:Interphase mass transfer - Mass transfer equilibrium, diffusion between two phases, Local and
overall mass transfer coefficient,avarage overall coefficients, Simultaneous heat and mass transfer,
material balances, Steady-state co-current and counter-current processes, stage wise and differential contacts,

cocurrent, crosscurrent and countercurrent cascades, Number of theoretical stages, Stage efficiency, Height of

mass transfer units.

Unit III: Gas Absorption: Equilibrium solubility of gases, choice of solvent, Material balance for
transfer of one component, Counter-current multistage operations for binary and multi component
systems, Minimum and actual solvent calculations, absorption factors, Tray towers and theoretical tray
calculations, Continuous contact equipments,height of transfer units, dilute cases,absorption with

chemical reaction.

Unit I'V: Liquid - liquid extraction:different types of systems, choice of solvent, stagewise contact with
calculations for different cases, equipments, Leaching : Steady state operation, methods of calculations,

single and multistage operations , equipments



UnitV:Adsorptionandion-exchange: Typesandnatureofadsorption,adsorbents,adsorption
equilibria,types of isotherms, Stage-wise and continuous adsorption, applications of Freundlich

equation, breakthorgh curve, basics of ion-exchange, Equipments for Gas - liquid operations: Sparged
vessels(bubblecolumns),mechanicallyagitated  vessels,traytowers,liquiddispersedscrubbers, ~ Venturi

scrubbers, wetted wall towers, packed towers.

Texts/References:

1. R.E.Treybal,Masstransferoperations,3eded.McGraw Hill,1980.
2. A.S.Foustetal,PrinciplesofUnitOperations.
3. J.M.CoulsonandJ.F.Richardson,“ChemicalEngineering”,Vol.[ELBS,
Pergamanpress, 1970.
4. J.M.Coulsonand J.F. Richardson,“ChemicalEngineering”’Vol.2 ELBS,Pergamanpress,1970.



ChemicalTechnology 2 Credits

Category |Code SubjectName L T P CA |MSE ESE |Total | Credit

PCC 26AF1507 | Chemical Technology 20 -] - 120 20 | 60 100 2
PC504

CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarity,and

knowledge of appropriate solution techniques related to:

Chemical Industries in general, chlor-alkali industries, phosphorous industries
Nitrogenand sulphuricacidindustries
Soapsanddetergents,starchproduction

Fermentationindustriesandpolymerization industries

A o e

Petroleumprocessingand allied industries

CourseOutcomes:

Oncompletionofthecourse, studentswillbeableto:

Understandinorganicandorganicchemical technologies
. Drawprocessflow diagrams

1.
2
3. Identifytheeffect ofchemicaltechnologies onhealth,safety,andthe environment
4. Understandengineeringproblemsinchemicalprocessesandequipment

5

. Listchemicalreactionsandtheirmechanisms involved

Mappingofcourseoutcomeswithprogramoutcomes

PO1 PO2| PO3| PO4] PO5| PO6] PO7| PO8| PO9| POI10| PO11] POI2
col| v v v v v - ] _ _ ) } -
co2l v v v v v ] _ _ _ ] -
co3 v Vv v - _ _ ) _ _ ) } -
cod v v v v v - ; _ _ _ ) -
CO3 v v v v - _ ] _ _ _ } -




Unit I: Introduction and Basic Chemical Industries: Chemical Industries: Facts and figures, unit
operationand unitprocess concepts, chemical processing, and roleof chemical engineers, Chloro-Alkali
Industries: Soda ash, Solvay process, dual process, natural soda ash from deposits, electrolytic process,
caustic soda, Phosphorus Industries: Phosphoric acid (wet process, electric furnace process), calcium

phosphate, ammonium phosphates, nitro phosphates, sodium phosphate

Unit II: Nitrogen and Sulfur Industries: Nitrogen Industries: Ammonia, nitric acid, urea from
ammonium carbonate, ammonium nitrate, Sulfur and Sulfuric Acid Industries: Elemental sulfur mining
(Frasch process), Sulfur production by oxidation-reduction of H,S, Sulfur and sulfur dioxide from

pyrites, Sulfuric acid (contact process, chamber process)

UnitlII:SoapandDetergents:Batchsaponificationproduction,SugarandStarchIndustries: Sucrose,

Extractionofsugarcanetoproducecrystallinewhitesugar, Extractionofsugarcaneto produce

sugar,Starchproductionfrommaize,Productionofdextrinbystarchhydrolysisinafluidizedbed. Fermentation Industries:

Ethyl alcohol by fermentation,

UnitIV:PulpandPaper Industries:Sulfatepulpprocess,Chemicalrecovery from sulfatepulpdigestion

liquor, Typesofpaperproducts,Rawmaterials,Methodsofproduction,PlasticandPolymerization

fundamentals, Polymer manufacturing processes, Polyethylene, polypropylene, PVC and polyester
synthetic fibers, Rubber Polymers

Unit V: Petroleum Processing: Production of crude petroleum, Petroleum refinery products, Types of
refineries, Design of refinery, Choice of crude petroleum, Refinery processes, desalting, atmosphericand

vacuum distillation, cracking, coking and reforming, alkylation

Text/References:

1. AustinG.T.,Shreve'sChemicalProcessIndustries-InternationalStudentEdition,
SthEdition, Mc Graw HillInc.,1998.

2. SittigM.andGopalaRaoM.,Dryden'sOutlinesofChemical Technologyforthe
21stCentury,3rd Edition, WEP EastWestPress,2010



ChemicalEngineeringLabI(CRE-I/MTOI) 1Credit
Category | Code SubjectName L P |[CA |MSE ESE |Total | Credit
PCC 26AF1507 | Chemical Engineering - 2 | 60 - 40 100 1
PCLS507
Lab-I
1. MassTransferLaboratory—I
CourseOutcomes:Atthe endofthecourse,studentswillbeable to:
CO1 | Determinediffusioncoefficientforvaporingas diffusion
CO2 | Plotsolubilitycurve for extraction
CO3 | Determinemasstransfercoefficientforgas absorption
CO4 | Understandleachingoperationforsinglestage process
CO5 Understandbatchadsorption process
Mappingofcourseoutcomeswithprogramoutcomes
PO1| PO2| PO3| PO4| POS| PO6| PO7| PO8| PO9| PO1(J POl11l POI2
COl1 v v v v - - - - v - v -
CO2 v - v - - - - - v - v -
CO3 v ; v ; _ _ _ _ v - v
CO4 v _ v ; _ _ _ _ v - v -
CO5 v ; v ] ] ] ] ] v v




List of Practicals:

wok D -

Todeterminethediffusivityofacetoneinair
Tostudyliquid-liquiddiffusion.
Tostudysolidin airdiffusion.
Tostudywettedwallcolumnfor absorption

Tostudysinglestage/multistageleachingoperationforcalciumcarbonate,sodium

Hydroxide, water system or any suitable system

6. Tostudycounter-currentsinglestageextractionprocessforwater(A),aceticacid(B) and

benzene(C)/Toluene(C) system or any suitable system.

7. Tostudyliquid-liquidextractioninpackedbedfor suitableternarysystem.

8. Tostudybatchadsorption.

2. ChemicalReactionEngineeringLaboratory-I

CourseOutcomes:Attheendofthecourse, thestudentwillbeable to:

COl1

Understandandcalculateactivationenergy forgiven reaction

CcO2

Determinerateofreactionandparameter affectingthe rate.

CO3

Understandkineticofdifferent reactions

CO4

Determinevoidvolumeofcatalystparticle.




Mappingofcourseoutcomeswithprogramoutcomes

CO | po1| po2| PO3| PO4| PO5| PO6| PO7| POS| PO9| PO10| POL1| POI2

COl v v § § . — - -

CcO2 v v B - _ 5 5 ;

CO3 v v : 3 _ _ 5 ;

CO4 v v v } ; 5 3 3 .
ListofPracticals:

1. TodetermineArrheniusrateconstantsforacid-catalyzedhydrolysisofmethyl acetate

2. Todeterminetherateconstant andorderofacidhydrolysis ofmethylacetateusinggraphicalmethod.

3. Tostudythesaponificationofethyl acetateandsodiumhydroxidefordeterminationofconversion and

reaction rate constant.

4. Tostudypseudo firstorderreactionfordeterminationoforder ofreactionandreactionrate constant.

5. Tostudythe effectofconcentrationofreactant andtemperature ontherate of reaction.

6. Tostudyhydrolysis ofmethylacetatebystrongacid

7.Todetermine voidvolume,soliddensityandporosityofa catalystparticle.




ProgramkElective-I

4 Credits

Category |Code SubjectName T| P |[CA ' MSE ESE |Total | Credit
PEC 26AF1507 | ProgramElective-I 1 - 20 20 | 60 100 4
PE508

A. NumericalMethods

CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarity,and

knowledge of appropriate solution techniques related to:

1. Commonnumericalmethodsandhowtheyare usedtoobtainapproximatesolutions

Eal

CourseQOutcomes:

Accuracyofcommonnumericalmethods

Attheendofthecourse,the studentwillbeableto:

Numericalmethodstoobtainapproximatesolutionstomathematicalproblems

Numericalmethodsforvarious mathematicaloperationslikeinterpolation,differentiation,etc.

1. Demonstrateunderstandingofcommonnumericalmethodsandhowtheyareusedtoobtain approximate
solutions

2. Applynumericalmethodstoobtainapproximatesolutionstomathematicalproblems
Derivenumerical methodsfor various mathematical operationslikeinterpolation,differentiation,
etc.

(98]

4. Analyzeandevaluate theaccuracy ofcommonnumericalmethods

Mappingofcourseoutcomeswithprogramoutcome

PO1 PO2 | PO3 | PO4 PO5 | PO6 PO7 POS| POY
COl v - - v - v ; ; ;
CO2 v - - v - v ) ; )
CO3 v - - v - v ) ; ;
CO4 v - - v - v 3 ; ;




Detailedsyllabus

Unit I: Solutions of Linear Algebraic Equations: Gauss elimination and LU decomposition, Gauss-
Jordan Elimination, Guass - Seidel and relaxation methods. Eigen values and Eigen Vectors of

Matrices - Faddeev - Leverrier method, Power method, Householder’s and Given’s method.

Unitll:Nonlinear AlgebraicEquations: Fixedpointmethod,Multivariable successive substitutions,
SinglevariableNewton—RaphsonTechnique,MultivariableNewton-Raphson Technique.

Unit III: Function Evaluation: Least-squares curve fit, Newton’s Interpolation formulae, Newton’s
divided difference interpolation polynomial, Langrangian interpolation, Pade approximations, Cubic

spline approximations.

Unit IV: Ordinary Differential Equations (Initial value problems): RungeKutta Methods, Semi-
implicit RungeKutta Techniques, Step size control and estimates of error Ordinary Differential
Equations (Boundary value problems) - Finite difference technique, Orthogonal collocation technique,
Orthogonal collocation on finite elements.

UnitV:PartialDifferentialEquations:Introductiontofinitedifferencetechnique

Texts/References:

1. S.K.Gupta, "NumericalMethodsforEngineers", Wiley Eastern,1995.
2. M.E.Davis,"NumericalMethods&ModelingforChemicalEngineers",Wiley, 1984.

B. IntroductiontoBio-processEngineering
Course Objectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarityand

knowledge of appropriate solution techniques related to :

1. Cellandenzyme kinetics
2. Basicsotbiology, structureofcells

3.Materialand energybalances in bioprocesses



4. Kineticsandmanufactureandapplicationofenzyme-catalyzed reactions,

5. Designofbioreactors

CourseOutcomes:
Attheendofthecourse,thestudent willbeableto:

1. Understandcellandenzymekinetics

2. Understandbasicsofbiology,structure

3. Understandmaterialandenergy balancesinbioprocesses

4. Understandkineticsand manufactureandapplicationofenzyme-catalyzed reactions,

5.Studydesign ofbioreactor

DetailedSyllabus:

Unit I: Bioprocess engineering and related fields, basics of biology, structure and function of
microbial, plant and animal cells, introduction to chemicals of life such as lipids, carbohydrates,
nucleic acids and proteins. Metabolism and central metabolicpathways, central dogma, transcription

and translation processes, material and energy balances in bioprocesses with examples.

Unit II: Unstructured and structured growth models of bioprocesses, growth kinetics, estimation of

process parameters, logistic equation, effect of substrate and product inhibition.

Unit III: Enzymes, kinetics of enzyme-catalyzed reactions, inhibited enzyme kinetics, immobilized

enzymes, manufacture and application of enzymes.

Unit IV: Design of biological reactors, continuous, batch and fed batch processes and their
comparison, multistage chemist at systems, introduction to transport phenomena in bioprocesses.

Non - ideal effects. Scale-up and scale-down criteria.

Unit V: Recovery and purification of bioprocesses, recent advances and applications of bioprocess
engineering, genetic engineering and recombinant DNA technology, mixed cultures, application to

biological wastewater treatment. Introduction to control strategies in bioprocesses.

References:

1. Shulerand Kargi, “BioprocessEngineering :BasicConcepts”’PrenticeHallof India,2002
2. J.E.Bailey&D.F. Ollis(eds): ' BiochemicalEngineeringFundamentals',McGrawHilllnc., 1986.



C. Mathematical Methods in Chemical Engineering

CourseObjective:

1. Tointroducethestudenttoanalyticalmethodsofsolvinglinearalgebraic,ordinarydifferential, and

partial differential equations

2. Tocovernumerical methodstosolvealgebraicanddifferentialequations

3. Tolearn themethodsusedtosolvechemical engineeringmathematicalproblems

CourseQOutcomes:

Attheendofthecourse,thestudent willbeableto:

1. Formulatelumpedanddistributedparametermathematicalmodelsforchemical processes

> » b

Mappingofcourseoutcomeswithprogramoutcomes

Analyzetheresultsofthesolutionmethods

Calculatedegreesoffreedomforthedeveloped mathematical models

Solvethemodelequationsdescribing chemicalprocesses and equipment

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | POS | PO9 | PO10 | PO11 | PO12
COl v v v v - v - - - _ _ -
CcO2 v v v v - - - - - _ _ -
CO3 v v v v - - - - - - _ -
CO4 v v v v - - - - - _ _ -

Detailed Syllabus

UNITL:

Mathematical Formulation of the Physical Problems-Introduction,Representationofthe

problem,blendingprocess,continuousstirredtankreactor,Unsteadystateoperation,heat




exchangers,distillationcolumns,biochemical reactors.

UNIT II:Analytical (Explicit) Solution of Ordinary Differential Equations Encountered in Chemical
Engineering Problems: Introduction, Order and degree of differential equations, First-order differential
equations, Second-order differential equations, Linear differential equations, Simultaneous differential

equations

UNIT III: Formulation of partial differential equations: Introduction, Interpretation of partial
derivatives, Formulation partial differential equations, particular solutions of partial differential
equations, Orthogonal functions, Method of separation of variables, The Laplace Transform method,

Other transforms.

UNIT IV: Unsteady state heat conduction in one dimension: Mass Transfer with Axial Symmetry,
Continuity equations, Boundary conditions - Iterative solution of algebraic equations - The differenceoperator

- Properties of the difference operator - Linear finite difference equations.

UNIT V: Non-linear finite difference equations: Simultaneous linear differential equations -

analytical solutions - Application of Statistical Methods.

TextBooks/References:

1. Rice R. G. and D. Do Duong, ‘Applied mathematics and modeling for chemical engineers’ John
Wiley &Sons,1995.

2. JensonJFandG.V .Jeffereys,'MathematicalMethodsinChemicalEngineering',Academic Press, 1977.
3. B.A Finlayson, 'IntroductiontoChemicalEngineeringComputing', WileyIndiaEdition,2010

4. SingaresuS.Rao,'Applied NumericalMethodsforEngineersandScientists',PrenticeHall, 2002.

5. Amiya K. Jana, Chemical Process Modelling and Computer Simulation, Prentice Hall India, 2nd

Edition, 2011.



MDMB3 Heat Transfer Operations

Category Code SubjectName L| T Pl CA MSE | ESE | Total Credit

MDM 26AF1507M HeatTransfer 3 - - 20 20 60 100 3
D506 Operations

CourseObjectives:

Uponsuccessfulcompletionofthecourse,studentswillgainastrongfoundation,conceptual understanding, and practical
knowledge of methods and techniques associated with:
1. Differentmodesoftheattransfer.

2. Evaluationofheattransfercoefficientsunderforcedandfree(natural)convection.

3. Heattransferprocessesinvolvingphasechangephenomena.

4. Performanceanalysisofheatexchangersoperatinginparallel-flowandcounter-flowarrangements.
CourseOutcomes: Attheendofthecourse,the studentwillbeable to:

1. Understanddifferentmodesofheattransfer.

2. Calculateheattransfercoefficientsinforcedandnaturalconvectionscenarios.

3. Evaluatetheperformanceofheatexchangersinbothparallelandcounter-flowoperations.

4. Developanddesigndouble-pipeandshell-and-tubetypeheatexchangers
Detailedsyllabus
Unit I:
Conduction through a single homogeneous solid, thermal conductivity of solids, liquids and gases,
Conduction through several bodies in series, Contact resistances, Unsteady state heat conduction,
lumped heat capacity system, transient heat flow in a semi-infinite solid, Concept of critical insulation
thickness.
Unitll:
Heat transfer by Convection: Forced convection, Laminar heat transfer on a flat plate Laminar and
turbulent flow heat transfer inside and outside tubes.Film and overall heat transfer coefficients.
Resistance concept, Coefficients for scale deposits, L.M.T.D. in heat exchangers with co and counter

current flow. Heat exchanger design, Effectiveness — N T U method in finned tube heat exchangers.



UnitIII:

Natural convection: Heat transfer from plates and cylinders in verticals and horizontal configuration,
natural convection to spheres.Heat transfer with phase change, heat transfer in condensing vapour,
types of condensation. Nusselt Theory, Heat transfer to Boiling liquid, Pool boiling. Evaporation ,Single
and multiple effect evaporators, Types of evaporators, Performance of evaporator, Calculationsof single

and multiple effect evaporator.

UnitlV:

HeatTransfer byRadiation:Black and gray body radiations, emissivity, laws ofradiation, viewfactor,
luminous and non-luminous gases. Radiation between surfaces, Combined heat transfer, i.e. conduction,
convection and radiation together..

UnitV:

Introductory Concepts of Heat exchanger design: Design of single and multipass shell and tube type
exchangers using LMTD and effectiveness - NTU methods. Spiral coil and plate type heat exchangers.
Single and multi phase condenser. Design of Reboilers, vaporisers, Kettle type and Thermosiphon
reboilers, forced circulation vaporizers. Heat transfer in agitated vessels both, jacketed and with coil,

Determination of overall heat transfer coefficient, transient heating or cooling..

Texts/References:
1. J.M.CoulsonandJ.F.Richardson,“ChemicalEngineering”,Vol. [ELBS,Pergamon press, 1970
2. J.M.CoulsonandJ.F.Richardson,“ChemicalEngineering”Vol.2ELBS,Pergamonpress, 1970
3. W.L.McCabeJ.C.SmithandP.Harriot, “UnitOperationsofChemicalEngineering”,4ed. McGraw Hill
1985.
4. JohnH.LienhardV,JohnH.LienhardIV,“AHeatTransferTextbook™Januaryl, 1981.


https://www.goodreads.com/author/show/289832.John_H_Lienhard_V
https://www.goodreads.com/author/show/246159.John_H_Lienhard_IV

Open Elective-111 Equity Stock market

Category Code SubjectName L| T P| CA MSE| ESE | Total Credit

OL 26AFIMAC | EquityStockmarket 20 -1 -1 20 20 60 100 2
OEMO5H

Detailedsyllabus

Unitl

Financialmarkets: Anoverview,Equitystockmarket:anoverview,EstimatingthepriceofEquity stock, market
mechanism of equity stock market, Indices and regulatory mechanisms

Unit2
Fundamentalanalysis,technicalanalysis,movingaverages, Dowtheory, ElliotWavetheory
Unit3

OverviewofEquityrisks,Portfoliotheory, CAL,CML,SML,CAPM,evaluationofEquityportfolio using
different theories

Unit4

DerivativesinEquitymarket,Hedgingusingstock futures,indexfuturesandsingleoption,Multiple options and
trading strategies

Unit5

PrivateEquitymarket,venturecapital,valueatrisk,computingandenforcingmargins References
1. GuidetoIndianStockmarket bylJitendraGala

2. FundamentalanalysisofShares byAnkitGalaand Khushboogala

3. EquityStockmarketbyP.C.Narayan (NPTEL course)




Seminar

Category |Code SubjectName L T P CA |MSE ESE |Total | Credit
ELC 26AF1507 Seminar - -1 2160 - 40 100 1
SE509
CourseOutcomes: Attheendofthecourse,the studentwillbeable to:
COl1 Acquire knowledge ontopicsoutsidethescope ofcurriculum.
CO2 Communicatewithgroupofpeople ondifferenttopic
CO3 Collectandconsolidaterequiredinformationona topic
CO4 Prepareaseminar report
Mappingofcourseoutcomes withprogram outcomes
PO1 [PO2 PO3 [PO4 |PO5 [PO6 [PO7 [PO8 |PO9 [PO10 [PO11 |PO12
COl1 v v v v v v v - - - - v
CO2 v v/ - - v v - - v v v v
CO3 v v v v - v - - - v v
CO4 v v - - v v - - - v v

EachstudentisexpectedtocollectinformationonrecentadvancesinChemicalEngineeringbyregularly

referring to national and international journals (research / review articles) and reference books. At the

end of the semester, he/she is required prepare a report as per the guide lines prescribed by the

Department. Each student will be assigned a guide for this seminar course. Every student shall give a

power point presentation on his Seminar topic before a panel of examiners.




SEMESTERVI

ChemicalReactionEngineering-I11 3 Credits
Category | Code SubjectName L T P |CA |MSE ESE | Total | Credit
PCC 26AF1507 | Chemical Reaction 30 -] - 120 20 | 60 100 3

PC601 ) .
Engineering-11

CourseOutcomes:Attheendofthecourse,studentswillbeable to:

COl1

Comparetheperformanceofidealandnon-idealreactorsusingE-andF-curves.

CcOo2

CO; determinesthemeanresidencetimeandstandarddeviationusingresidencetime distribution
(RTD).

CO3

Analyzetheperformanceofnon-idealreactorsusingsegregationmodel,tanks-in-seriesmodel,and

dispersionmodel.

CO4

Understandtheeffectofvelocity,particlesize,andfluidpropertiesontherateofreactionscontrolledby

masstransfer.

COs

Designfixedbedreactorsinvolvingchemicalreactionswithmasstransfer

CO6

Determineinternalandoveralleffectivenessfactors

Mappingofcourseoutcomeswithprogramoutcomes

POl1| PO2| PO3| PO4| PO5| PO6| PO7| PO8| PO9 | POI10| POIl1l| POI2
CO1 v v v v V- - - _ - _ _
cO2 v v v v - - - - - - - -
CcOo3 v v v v - - - - - - - -
CO4 v v v v v - _ _ - R -
CO5 v v v VI - _ e _ _ _ _
CO6 v v v v - - - - - - - -




DetailedSyllabus:

UNIT I: Multiple Reactions: Types of reactions, maximizing desired product in parallel reactions,
maximizing desired product in series reactions, stoichiometry and rate laws for multiple reactions,

multiple reactions in PFR and CSTR

UNIT II: Non elementary Reaction Kinetics: Fundamentals, Searching for a mechanism, enzyme

reaction fundamentals, Bioreactors.

UNIT III: External Diffusion Effects on Heterogeneous Reactions: Mass transfer fundamentals,

Binary diffusion, External resistance to mass transfer, the shrinking core model.

UNIT 1V: Distribution of Residence times for Chemical Reactors - General Characteristics,
Measurement of RTD, Characteristics of RTD, RTD in ideal reactors, Reactor modeling with RTD,

Zero-parameter models,

UNIT V: Models for non - ideal reactors: One parameter models- tank-in-series model, dispersion

model, Tank-in-series model versus dispersion model

Texts/References:
1. H.S.Fogler,“ElementsofChemicalReactionEngineering”,3“Ed,NewDelhi-
Prentice Hall, 2001.

2. O.Levenspiel,”ChemicalReaction Engineering”WilleyEastern, 3™Ed.,2000
3. J.M.Smith, “ChemicalEngineeringKinetics”,3rdEd.,McGraw-Hill, 1988



MassTransferOperations—II

3Credits

Category

Code

SubjectName

CA

MSE

ESE

Total

Credit

PCC

26AF1507
PC602

MassTransfer

Operation-11

20

20

60

100

3

CourseOutcomes:Attheendofthecourse,thestudentwillbeable to:

COl

Understandvaporliquidequilibriafordistillation

CO2

Determinenumberofstagesindistillation

CO3

Determinetheheightofcooling tower

CO4

Calculatedryingratesandmoisturecontentforbatchandcontinuousdrying

Mappingofcourseoutcomeswithprogramoutcomes

PO1

PO2

PO3

PO4

POS

PO6

PO7

PO8

PO9

PO10| PO11

PO12

CO1

CO2

CO3

CO4

NERNERNERN

ANERNERNERN

NERNERNERN

ANERNERNERN

DetailedSyllabus:

UNITI:Distillation-Vapourliquidequilibria,flashvapourisation,batchdistillation, differential

distillation.

UNITII:Continuousfractionation-Binarysystems,Mc-Cabe.ThieleandPonchonSavaritmethod

calculations , multiple feeds and withdrawal.

UNITIII:Humidification-Vapourliquidequilibrium,enthalpyforpuresubstances,vapourgas contact

operation. Psychrometric charts and measurement of humidity, adiabatic saturation temperature and

wet bulb temperature




CoolingTowerDesign:Adiabaticandnon-adiabaticoperationsevaporativecooling,coolingtower

design and dehumidification methods.

UNITIV:Drying-Dryingequilibriumandrateofdrying,typesofmoisture,timeofdrying,drying

operation : batch and continuous , number of transfer units.

UNIT V: Crystallization - Theories of crystallisation,nucleation and crystal growth. principles of
supersaturation. different types of crystallizers, Special topics in separation: Membrane separation
processesbasics, Typesofmembranes,reverseosmosisanddialysis;Mechanismofsolute/solvent

rejection in the process; Design of R.O. and dialysis units; applications.

Texts/References:

1. R.E.Treybal,Masstransferoperations,3eded. McGrawHill, 1980.

2. J.M.CoulsonandJ.F.Richardson, “ChemicalEngineering”,Vol.1ELBS,Pergamon press, 1970
3.J.M.CoulsonandJ.F.Richardson, “ChemicalEngineering”Vol.2ELBS,Pergamonpress, 1970



ProcessDynamicsandControl

3Credits

Category |Code SubjectName Ll T P CA |MSE ESE |Total | Credit
PCC 26AF1507 Process Dynamic 3 - - 120 20 | 60 100 3
PC603
Control
Pre-Requisites: mathematics and process instrument knowledge
CourseOutcomes:Atthe endofthe course,studentswillbe able to:
CO1 | Understandthedynamicbehaviorofdifferentprocesses
CO2 | Analyzedifferentcomponentsofacontrolloop
CO3 | Analyzestabilityoffeedbackcontrolsystem
CO4 | Designcontrollersforfirstandsecondorderprocesses
COS | Analyzefrequencyresponse forcontrollersandprocesses
Mappingofcourseoutcomeswithprogramoutcomes
PO1 PO2| PO3| PO4 PO5 PO6| PO7| PO8| PO9| PO1Q POI1l POI2
cor | N e - - - - - -
coz | Aol vl - - - - - -
cos | A vl o - - - - - -
coa | Aol o - - - - - -
CO5 v v v v - - - - - - - -
DetailedSyllabus

UNIT I: Introduction to Process Control: Need of process control, control system,

steady and dynamic system, Basic controlactions, Types of variables in process control

process variable, controlled variable, manipulated variable, measured variable.

Laplace Transforms: Definition, transforms of simple functions, ramp functions, sine

functions, inversions of transform function by partial fractions, final value and initial




value theorems, transforms of unit impulse functions, transforms of integral.

UNITII:Openloopresponse ofsimple systems: Dynamics of first order systems using
transfer functions; Various first order response such as, a thermometer bulb, liquid level,
mixingprocess,pure capacitivesystem definitiontimeconstant. General response tostep,
ramp, impulse, and sinusoidal inputs; Concentration and temperature responses of astirred
tank.

Linearizationofliquidlevelsystems;Responseofapressuresystem,secondorder
systems,themanometer; Responseofinteractingandnon-interactingsystems.

UNITIII:TheControlSystems:Blockdiagramsymbols,negativeandpositivefeedback,
Blockdiagramreduction,closedloopandopenloopcontrolsystems,andServoandregulated
operation,
Controller: Classification and mechanism of controllers: Proportional control (P),
Proportional Integral control (PI), Proportional Derivative control (PD), Proportional
Integral Derivative control (PID), transfer function of P, PI, PD, PID control and On-Off
controller.
Transient response of control systems: Proportional control for set point and load
change, Proportional Integral control for set point and load change, Proportional
Derivative control for set point and load change, Proportional Integral Derivative control
for set point and load change.
UNIT IV: Stability: Concept of stability, Stability criterion, Thecharacteristicequation,
Routh-Hurwitz stability criterion, root locus and its applications
Frequency response analysis: First order systems, Second order systems, Phase margin
and gain margin, Bode diagram.
UNITV:Complexnumberstogetfrequencyresponse,Ziegler-Nicholsmethod.
Controller selection and tuning: Control valve characteristics and sizing, cascade
control,Ratiocontrol,Feedforwardcontrol,PIDcontrollerdesignandtuning.Introduction ~ of

digital control principles.

Text/References:
D. R.Coughanowr,Processsystemanalysisandcontrol, 2"ed,McGraw Hill,1991.
P.Harriott,ProcessControl,Reprintoftext,ed. TataMcGraw Hill,1983.

G.Stephanopoulos,ChemicalProcessControl: Anintroductiontotheoryand practice,Prentice

Hall, New Jersey, 1984.



ProcessInstrumentationandControlLab

Credits 1

Category Code SubjectName L T P | CA | MSE  ESE | Total  Credit
PCC 26AF1507PC| Process - -2 60 - 40 100 1
L604 )
Instrumentation
andControlLab
CourseObjective:
1. To make students aware of working of Different process control instruments throughhands-on
training.
2. Tomakestudentstocorrelatetheoryandpracticalprocesscontrolthroughprinciples, fundamental

concepts and by experimentation.

CourseOutcomes:

Attheendofthecourse,thestudentwillbeableto:

1.  Calculatethecharacteristicsofcontrolvalves.

2. Determinethedynamicsoflevelandtemperaturemeasurement process.

3.  Determinethedynamicsoftwocapacityliquidlevelprocess without
interaction and with interaction, U-tube manometer.

4.  Determinetheperformanceofcontrollers foraflowprocess,pressure
process,level process, temperature process.

5. EvaluatetheperformanceofPIDcontrol.




List of Experiments:

1. Todeterminethetimeconstantofgiventhermometerwithpositiveandnegativestep
change.

Todeterminethetimeconstantandvalvepropertiesofsingletanksystem.
3. Tostudythestepresponseoftwotanknon-interactingliquidlevelsystemandcompare the

observed transient response with the theoretical transient response.
4.  Tostudythestepresponseoftwotankinteractingliquidlevelsystemandcomparethe observed
transient response with the theoretical transient response.
Tostudytheimpulseresponse ofatank.
Tostudycoupledthreeorfourtankssystem.
Tostudyanyinherentlysecondordersystem,suchasU tube manometer.

Tostudydifferenttypes ofcontrollers.

A S AR

TostudycharacteristicsofPID controller.

10. Tostudycharacteristicsofcontrolvalves.



ProgramElective-II 4Credits
Category |Code SubjectName L T P CA |MSE ESE |Total | Credit
PEC 26AF1507 | ProgramElective-II 4 -| - 120 20 | 60 100 4

PE605

A. EnergyTechnologyandConservation

CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarity andknowledge of

appropriate solution techniques related to:

1. Energyconversionprocessesfor solidfuels.
2. Energyutilizationsystemsforheat recovery.
3. Propertiesoffuel samples
4

Energyaudit.

CourseQOutcomes:

Attheendofthecourse,thestudentwillbeableto:

1. Understandenergyconversionprocesses forsolidfuels.

Designenergyutilizationsystemsforheatrecovery.

Estimatethepropertiesoffuelsamples

Sl

Performenergy audit.




Mappingofcourseoutcomeswithprogramoutcomes

PO1| PO2| PO3| PO4| POS| PO6 | PO7| POS | PO9 | PO10 | PO11 | PO12
COl1 v v v v vi o - | - - - - -
CcO2 v v v v v - vi - - - - -
CcO3 v v v vioo- - v - - - - -
CO4 v v v v - - v - - - _ -
Detailedsyllabus

Unit I:Energy scenario: Introduction and classification of energy, renewable and non- renewable
energy, Indian energy scenario, energy pricing in India, energy and environment. Solid fuels:
Introduction,Biomass,Peat,Lightandbrowncoal,BlackLignite, Bituminouscoal, Semianthracite,
Anthracite, Natural coke/SLV fuel, Origin of coal, composition of coal, classification of coal,

Sampling and analysis of solid fuels, oxidation of coal, Hydrogenation of coal,storage of coal.

Unit II: Carbonization and gasification processes: Introduction, carbonization of coal, the
gasification of solid fuels, the gasification of oil and hydrocarbon gas reforming, carbureted water
gas. Energy conversion with combustion: Introduction, Combustion, Burner design, Combustion

plant,direct conversion of energy.

UnitlII:Fueltesting: Introduction,Calorific value,testsonliquidfuels,Fuelandfluegasanalysis.
Energy auditing: Introduction, Energy conservation schemes Industrial energy use, energy

conversion, energy index, energy costs. Energy sources: Energy consumption, world energy

reserves, energy prices, fuel production and processing, energy policies, choice of fuels, cycle

efficiency.

Unit IV: Heat transfer media: Water, Steam, Thermal fluids, Air-water vapor mixtures, Heat
transfer equipment: Heat exchangers, Combustion and thermal efficiency,Steam plant, pressure hot

water and thermal fluids plant, thermal fluids plant.

Unit V: Energy utilization and conversion systems: Furnaces, Hydraulic power systems,

Compressed air, steam turbines, combined power and heating systems, Energyconversion, District



heating, Heat recovery: Sources of waste heat and its applications, Heat recovery systems,

Incinerators, Regenerators and recuperators, waste heat boilers.

Text/Reference:

1. SamirSarkar, FuelsandCombustion,UniversitiesPress,2009.

2. MurphyW.RandMckay G.,Energy Management,Elsevier,2007.

3. HarkerJ.H.and J.R.Backhurst,Fuel andEnergy,AcademicPress,London,1981.



B. RenewableEnergySources
CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarityand

knowledge of appropriate solution techniques related to:

1. Challengesandproblemsassociatedwiththeuseofenergysources.
2. Renewableenergyresourcesandtechnologies
3. Conversiontechnologiesforsolar,wind,biomassandhydrogenenergies

4.  Performanceofenergyconversiontechnologies

CourseOutcomes:

Attheendofthecourse,thestudentwillbeableto:

1. Understandthechallengesandproblemsassociatedwiththeuseofenergysources.
2. Listrenewableenergyresourcesand technologies

3. Designconversiontechnologiesforsolar,wind,biomassandhydrogenenergies
4.  Evaluatetheperformanceofenergyconversiontechnologies

Mappingofcourseoutcomeswithprogramoutcomes

PO1 | PO2| PO3| PO4| POS| PO6 | PO7| POS | PO9 | PO10 | PO11 | PO12
COl v v v v v - v - - - - -
Cco2 v v - - - - v - - - _ -
CO3 v v v v - - - _ _ - _ -
CO4 v v v v - - v - - - - -
Detailedsyllabus

Unitl:Sourcesofenergy:Energysourcesandtheiravailability, renewableenergysources. Energy from
Biomass: Introduction, Biomass as a source of energy, Biomass conversion technologies, Biogas

generation, classification of biogas plants, Biomass gasification.




Unit II: Solar Energy: Sun and solar energy, solar radiation and its measurement, solar energy

collectors,solarenergystorage,Photovoltaicsystems,Applicationofsolarenergy.

Unit III: Wind Energy: Wind as an Energy source, Basic principles of wind energy conversion,
Types of Wind machines, Components of wind energy conversion system, Performance of wind

machines, application of windenergy.

UnitIV:EnergyfromtheOceans:Introduction,OceanThermalElectricConversion(OTEC),
Energyfrom Tides,Ocean Waves.

UnitV:Hydrogenenergy:Introduction,Hydrogenproduction,Hydrogenstorage,Hydrogentransportatio

n. Chemical Energy Sources: Introduction, Fuel cells, Batteries.

Text/Reference:
Rai,G.D,Non-ConventionalEnergySources, KhannaPublishers,NewDelhi, 2010.
RajeshKumarPrasad,T.P.Ojha, Non-ConventionalEnergySources, JainBrothers,2012.
Sukhatme S.P and J. Nayak, Solar energy — Thermal Collectionand storage, 3rd Edition, Tata
McGraw Hill Education Pvt Ltd., 2008.
MM.EI-Wakil,PowerPlantTechnology, TataMcGrawHill,NewY ork,1999.



C. GreenTechnology

CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarityand

knowledge of appropriate solution techniques related to :

1. Principlesandconceptsofgreenchemistry

2. Manufacturingprocessestoreducewastageandenergyconsumption
3. Technologiestoreducethelevelofemissionsfrombuildingsandcoreinfrastructure
4. Effectsofpollutantsontheenvironment

CourseOutcomes:

Attheendofthecourse,thestudentwillbeableto:

1. Understandprinciplesandconceptsofgreenchemistry
2. Developmanufacturingprocessestoreducewastageandenergyconsumption

3. Designthetechnologiestoreducethelevelofemissionsfrombuildings and
coreinfrastructure

4. Analyzetheeffectsofpollutantsontheenvironment



DetailedSyllabus

Unitl:PrinciplesandconceptsofGreenChemistry: Introduction,SustainableDevelopmentand Green
Chemistry, Atom Economy, Atom Economic Reactions, Rearrangement Reactions, Addition
Reactions, Atom Un-economic Reactions, Substitution Reactions, EliminationReactions, Wittig

Reactions, Reducing Toxicity, Measuring Toxicity.

Unit II: Waste- Production, Problems and Prevention: Introduction, Some Problems Caused by
Waste, Sources of Waste from the Chemical Industry, The Cost of Waste, Waste Minimization
Techniques, The Team Approach to Waste Minimization, Process Design for Waste Minimization,
Minimizing Waste from Existing Processes, On-site Waste Treatment, Physical Treatment,Chemical
Treatment, Bio-treatment Plants, Design for Degradation, Degradation and Surfactants, DDT,
Polymers, Some Rules for Degradation, Polymer Recycling, Separation and Sorting, Incineration,

Mechanical Recycling, Chemical Recycling to Monomers.[6 hrs]

Unit III: Measuring and controlling environmental performance: The Importance of
Measurement, Lactic Acid Production, Safer Gasoline, Introduction to Life Cycle Assessment,Green
Process Metrics, Environmental Management Systems, The European Eco-management and Audit
Scheme, Eco-labels, Legislation, Integrated Pollution Preventionand Control. Catalysis and green
chemistry: Introduction to Catalysis, Comparisonof CatalystTypes,Heterogeneous Catalysts, Basics
of Heterogeneous Catalysis, Zeolites and the Bulk Chemical Industry, Heterogeneous Catalysis in
the Fine Chemical and Pharmaceutical Industries, Catalytic Converters, Homogeneous Catalysis,
Transition Metal Catalysts with Phosphine Ligands, Greener Lewis Acids, Asymmetric Catalysis,
Phase Transfer Catalysis, Hazard Reduction, C - C Bond Formation, Oxidation Using Hydrogen

Peroxide, Bio-catalysis, Photocatalysis.

Unit IV: Organic solvents, environmentally benign solutions: Organic Solvents and Volatile
Organic Compounds, Solvent-free Systems, Supercritical Fluids, SupercriticalCarbon Dioxide,
Supercritical Water, Water as a Reaction Solvent, Water-based Coatings, lonic Liquids, Ionic

Liquids as Catalysts, Ionic Liquids as Solvents, FluorousBiphase Solvents.



Category | Code SubjectName L|T|P|CA |MSE ESE |Total | Credit

MDMIV [26AF1507MD606 |MassTransfer Operation | 3 | -| - |20 20 | 60 100 3

Renewable resources: Biomass as a Renewable Resource, Energy, Fossil Fuels, Energy from
Biomass, Solar Power, Other Forms of Renewable Energy, Fuel Cells, Chemicals from Renewable
Feedstocks, Chemicals from Fatty Acids, Polymers from Renewable Resources, Some Other
Chemicals from Natural Resources, Alternative Economies, The Syngas Economy, The Biorefinery,

Chemicals from renewable feed stocks.

Unit V:Emerging Greener technologies and Alternative energy solutions: Design for Energy
Efficiency, Photochemical Reactions, Advantages of and Challenges Faced by Photochemical,
Processes, Examples of Photochemical Reactions, Chemistry Using Microwaves, Microwave
Heating, Microwave-assisted Reactions, Sonochemistry, Sonochemistry and Green Chemistry,
Electrochemical Synthesis, Examples of Electrochemical Synthesis. Designing greener processes:
ConventionalReactors, Batch Reactors, Continuous Reactors, Inherently SaferDesign, Minimization,
Simplification, Substitution, Moderation, Limitation, Process Intensification, Some PI Equipment,
Examples of Intensified Processes,In-process Monitoring, Near-infrared Spectroscopy.

Industrial case studies: A Brighter Shade of Green, Greening of Acetic Acid Manufacture, EPDM
Rubbers, Vitamin C, Leather Manufacture, Tanning, Fatliquoring, Dyeing to be Green, Some
Manufacturing and Products Improvements, Dye Application, Polyethene, Radical Process, Ziegler—
Natta Catalysis, Metallocene Catalysis, Eco-friendlyPesticides, Insecticides. An integrated approach
to a greener chemical industry: Society and Sustainability, Barriers and Drivers, The Role of

Legislation, EU White Paper on Chemicals Policy, Green Chemical Supply Strategies.

Text/Reference:

1. MikeLancaster,GreenChemistry,RoyalSocietyofChemistry,2010.

2. PaulT.AnastasJohnC.Warner,GreenChemistry: TheoryandPractice,OxfordUniversityPress,2000.
3. JayWarmke,AnnieWarmke,GreenTechnology,EducationalTechnologiesGroup,2009.




MDMIV:MassTransferOperations 3Credits

CourseOutcomes:Attheendofthecourse, thestudentwillbeableto:

CO1 | UnderstandFick’s lawofdiffusion,Determinediffusivitycoefficient ingases and
liquid,Stage-wiseandcontinuousadsorption.

CO2 | UnderstandStage-wiseandcontinuousadsorption,Determinenumberofstagesin distillation,
Mc-Cabe.Thiele method.

CO3 | Understandhumidificationanddehumidificationoperation,coolingtowerdesign

CO4 | Understandbatchandcontinuousdryingoperationcrystallizationandmembraneseparation

Mappingofcourseoutcomeswithprogramoutcomes

PO1| PO2| PO3| PO4| PO5| PO6| PO7| PO8| PO9| PO10| PO11| POI12
COl v v v v - - - - - - - -
CcO2 v v v v - - - - - - - -
CO3 v v v v - - - - - - - -
CO4 v v v v - _ _ - - - - -

UNIT I: Diffusion in fluids: Fick’s Law of diffusion, equimolecular counter diffusion, diffusion in
stationary gas, Maxwell’s law of diffusion, Interphase mass transfer - Mass transfer equilibrium,
diffusion between two phases, Local mass transfer coefficient, local and average overall mass transfer

coefficients.

UNITII: Adsorptionandion-exchange: Typesandnatureofadsorption,Freundlichequation, Stage-wise and
continuous adsorption, Theory of ion-exchange and its application to removal of ionic impurities. Gas -

liquid operations: Sparged vessels (bubble columns), Venturi scrubbers, wetted towers, packed

UNITIII: Distillation,Continuous fractionation -Vapourliquidequilibria,flashvaporization,
batchdistillation, Binary systems, Mc-Cabe.Thiele method calculations with multiple feeds and

withdrawal.



UNIT IV: Humidification - Vapour liquid equilibrium, enthalpy for pure substances, vapour gas
contact operation. Psychrometric charts and measurement of humidity Dehumidification and Cooling
Tower Design:Adiabatic and non-adiabatic operations evaporative cooling, cooling tower design and

dehumidification methods.

UNIT V: Drying and Crystallization - drying operation batch and continuous, theories of
crystallization nucleation and crystal growth. different types of crystallizers, Special topics in
separation: Typesofmembranesforosmosisanddialysis,ReverseOsmosis.anddialysisunits;

applications.



ProgramElective-II1 4 Credits
Category | Code SubjectName Ll T P | CA |MSE ESE | Total | Credit
PEC 26AF1507 | ProgramElective-111 4 -| - 120 20 | 60 100 4
PE607
A. PlantUtilitiesandPlantSafety
CourseOutcomes:Attheendofthecourse, thestudentwillbeable to:
COl | Listutilitiesina plant.
CO2 | Understandpropertiesofsteamandoperationotboilersforsteamgeneration
CO3 | Understandrefrigerationmethodsusedinindustry
CO4 | Comparepowergeneration methods
CO5 Classifyanddescribethetypesofwater, watertreatmentmethods,storageand
distributiontechniques
Mappingofcourseoutcomes withprogram outcomes
PO1| PO2| PO3| PO4| PO5S| PO6| PO7| PO8| PO9| PO10| POl1| POI12
Ccol | v v v v - v - - - - - -
co2 | v v v vioo- vioo- - - - - -
Cco3 | v Vv Vv v - v ) _ ) } }
co4 | v _ v v VI o _ } } . .
COs | vV - v vi oo v v - - - - -




DetailedSyllabus:

UNIT I: Identification of common plant utilities: water, compressed air, steam, vacuum,
refrigeration, venting, flaring and pollution abating. Water and its quality, storage and distributionfor

cooling and firefighting.

UNIT II: Steam generation by boilers: Types of boilers and their operation, Steam generationby

utilizing process waste heat using thermic fluids, Distribution of steam in a plant.

UNIT III: Principles of refrigeration: Creation of low temperature using various refrigerants.

Creation of low pressure/vacuum by pumps and ejectors.

UNIT IV: Safety in Chemical Processes: Introduction, Chemical Process classification, Process
design and safety parameters. Safety parameters in the process design of phenol from cumene, safety
in polyvinyl chloride plant. Chemicals and their Hazards: Introduction, Acetonitrile, acetyl chloride,
butyl amine, acrylamide, acrylonitrile, allyl alcohol, benzene, bromine, isopropyl alcohol,
acetaldehyde, ethylene oxide, butane, n-hexane, anhydrous ammonia, acetone, toluene, p-xylene,

acetic acid, monochloro benzene, oleum, carbon mon.

UNIT V: Hazards in Chemical Process plants: Introduction, Hazards, Hazard code and explosive
limit, electrical safety in chemical process plants, static electricity hazards, pressure vessel hazards,
LEL and UELof various compounds, explosive hazard, flammable liquid hazards, protection to
storage tanks, fire zone location, fireball, fireball hazard. Safety in handling gases, liquids and solids:
Introduction, safety in handlingof gases, chlorine hazards, chlorine leakage management, safety in
handling of fluorine, important safety considerations in ammonia storage, flammable solids storage,
flammable liquid storage, handling of LNG, requirements to be fulfilled for storing hydrocarbons or
chemicals, fail safe concept, transportation of hazardous chemicals, Hazardous in plastics
processing. Combating Chemical Fires: Classification of fires, controlof highvaour pressurefire,
firefightingfoams, foam for fireprotection, Foamcharacteristics, gaseous agent extinguishing system,
automatic sprinkler system, chemical extinguishing powders, naturalgas fire control.Portable fire
extinguishers: Soda-acid extinguishers, carbon dioxide extinguisher, dry chemical fire
extinguisher,general ~ safetyprecautionsfor = maintenanceof  fireextinguishers.SafetyChecklist:
safetystudies for chemical plants, safety checklist during startup, safety checklist during shutdown

mode, safety checklist for installation, safety needs during construction. Protective devices.



Text/Reference:

A.Wangham,Theory and practice of Heat engines,ELBScambridgeUniversitypress, 1970.
J.L.Threlkeld, ThermalEnvironmentalEngineering,PrenticHall 1970.

S.D.Dawande, Chemical Hazards and safety, Dennet&Copublishers, 2007.



B. IndustrialSafetyandHazardMitigation

Course Objectives:

After completion of the course, students will have adequate background, conceptual clarity and

knowledge of appropriate solution techniques related to:

1. Safetyprograms, engineeringethicsandpublicperceptions
2. Fireandexplosionswithflammabilitycharacteristics

3. Preventionoffireandexplosion

4. Operatedreliefs inliquids,vapors,gases

5

. Hazardidentification,safetyproceduresanddesigns
CourseOutcomes:

Attheendofthecourse,thestudentwillbeableto:KnowSafetyprograms,engineeringethicsandpublicperceptions
1. Understandtheprinciplesoffireand explosions,flammabilitycharacteristics
2. Knowaboutthemethodsfor preventionoffireandexplosion
3. KnowaboutOperatedreliefsinliquids,vapors, gases
4. Knowaboutprocesshazardchecklist,howtodohazardsurveys

5. Knowsafetyproceduresandbestsafety practices

Mappingofcourseoutcomeswithprogramoutcomes

PO1| PO2| PO3| PO4| PO5S| PO6 | PO7| PO8 | PO9 | PO10 | PO11 | PO12

CO1
CO2
CO3
CO4

NERNERNERN
NI IR ERN
NI IR
NI IR
NI IR IR
NI IR IR




Detailedsyllabus

Unit I: Introduction: Safety Programs, Engineering Ethics, Accident and Loss Statistics,
Acceptable Risk, Public Perceptions, Nature of the Accident Process, Inherent Safety.

Industrial Hygiene: Anticipation and Identification, Hygiene Evaluation, Hygiene Control.

Unit II: Fires and Explosions: Fire Triangle, Distinction between Fires and Explosions,
Flammability Characteristics of Liquids and Vapors, Limiting Oxygen Concentration and

Inerting, Flammability Diagram

Unit III: Concepts to Prevent Fires and Explosions: Inerting, Controlling Static Electricity,
Explosion- Proof Equipment and Instruments, Ventilation, Sprinkler Systems. Introduction
to Reliefs: Relief Concepts, Location of Reliefs, Relief Types, Relief Scenarios, Data for
Sizing Reliefs, Relief Systems.

Unit IV: Relief Sizing- Conventional Spring: Operated Reliefs in Liquid Service,
ConventionalSpring-OperatedReliefsinVapororGasService,RuptureDiscReliefsinLiquid
Service, Rupture Disc Reliefs in Vapor or Gas Service. Hazards Identification: Process

Hazards Checklists, Hazards Surveys, Hazards and Operability Studies, Safety Reviews.

Unit V: Safety Procedures and Designs: Process Safety Hierarchy, Managing Safety, Best
Practices, Procedures - Operating, Procedures - Permits, Procedures - Safety Reviews and

Accident Investigations, Designs for Process Safety.

Text/References:

1.D.A.CrowlandJ.F.Louvar,ChemicalProcess Safety (Fundamentalswith
Applications),Prentice Hall,2011.

2.R.K.Sinnott,Coulson&Richardson'sChemicalEngineering,Vol.6,
ElsevierIndia,2006.



C. DisasterManagementinChemicallndustries

CourseObjectives:

Aftercompletionofthecourse,studentswillhaveadequatebackground,conceptualclarityand knowledge
of appropriate solution techniques related to :
1. General aspectsof industrialdisasterduetofire, explosionetc.
Classificationofchemicalhazards, occupational diseases

2

3. Hazardanalysisandhealth management
4. Pressurevessels, itsstorageandhandling
5

Safetypractices,protection devices
CourseOutcomes:

Attheendofthecourse,thestudentwillbeableto:
1. Analyzetheeffectsofrelease oftoxic substances
2. Selectthemethodsof preventionoffiresandexplosions

3. Understandthemethodsothazard identificationand preventive measures
4. Assess therisksusingfaulttree diagram

Mappingofcourseoutcomeswithprogramoutcomes

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | POS | POY | PO10 | PO11 | PO12
COl1 v v v v vi o - v - - - - -
CO2 v v v v vi - v - - - - -
CO3 v v v v vioo- v - - - - -
CO4 v v v v vi - v - - - - -
DetailedSyllabus:

Unitl:Generalaspectsofindustrialdisaster: Duetofire,explosion,toxicityandradiation; Chemicalhazards.

Unitll:Classification ofchemicalhazards,Chemicalascauseofoccupationaldiseases-dust, fumes,gases

and vapors.



Unitlll:Hazard analysis and health management; Engineering control of chemical plant hazards —

Plant layout, ventilation and lighting.

UnitlV:Pressurevessels,Storage, Handling, Transportation,Electricalsystems, Instrumentation.

Unit V: Emergency planning, Personalprotective devices,Maintenance procedure;Emergency safety
and laboratorysafety,Legalaspectsofsafety.
Managementinformationsystemanditsapplicationinmonitoring disaster, safety and health, Hazop

Analysis.

ReferenceBooks:
1. R.V.BetrabetandT.P.S.RajaninCHEMTECH-I, SafetyinChemical
Industry,ChemicalEngineeringDevelopmentCentre,Madras, 1975.
2. Wells,SafetyinProcessPlantDesign.
3. Less,P.Frank,LossPreventioninProcessIndustries.

4. J.Lolb&S.RoySterm,ProductSafetyandLiability



ChemicalEngineeringLab-II(CRE+MTO)

2Credits

Category

Code SubjectName

MSE | ESE

Total

Credit

VSEC

PCL608 Lab-I1

26AF1507 | ChemicalEngineering

60

40

100

2

1. MassTransferLaboratory—II

CourseQOutcomes:

Attheendofthecourse,thestudent willbeableto:

COl

PerformexperimentrelatedtoVLE anddrawconclusion

CO2

Designequipmentforseparationpurposes

CO3

Evaluatetheperformanceofgiventechniqueand comparewithother techniques.

CO4

Analyzeperformanceofunitoperation.

Mappingofcourse outcomes withprogram outcomes

POl | PO2| PO3 | PO4

PO5

PO6

PO7 | PO8

PO9 | PO10| POI11

PO12

COl1

CcOo2

CO3

CO4




ListofPractical’s:

1
2
3
4
5.
6
7
8
9

. Tostudyflashdistillation

. Tostudysieve platedistillationcolumn

. Tostudyvapor liquidequilibriafor a suitablesystem

Tostudycrystallizationofgivensaltinbatchcrystallizer

. StudyofCoolingTower

. StudyofRotary/fluidizedbeddryer.

. StudyofHumidification/dehumidification system

2. Chemical Reaction Engineering Laboratory — 11

CourseOutcomes:Attheendofthecourse,studentswillbeableto:

. Todeterminerate ofdryingofgivensampleinnaturaldraft traydryer

. ToproveRayleighequationbycarrying outsimpledistillationofmethanol-water system

CO1

DeterminethekineticsofchemicalreactioninBatchreactor, CSTR,PFR

CO2

DeterminethekineticsusingDilatometer

CO3

Determinethetemperaturedependencyofreactionrate constant

CO4

AnalyzetheperformanceofreactorsthroughRTD studies

COs

Comparetheperformanceof CSTR-PFRwithPFR-CSTRreactorsystems

CO6

ComparetheperformanceofsingleCSTRwithseries of CSTRs

Mappingofcourseoutcomes withprogram outcomes

POl

PO2

PO3

PO4

PO5

PO6

PO7

PO8

PO9

PO10

POI11

PO12

COl1

CO2

CO3

CO4

CO5

NEASERNEENERNERN

NEANERNEENERNEEN

ANERNERNERNERN RN

ANERNERNERNERN RN

NI NN

NIRRT NN

ANERNERNERNERNERN

NIRRT N

CO6

ANERNERNERNERNERN




Listofexperiments:

1.

2
3
4.
5
6
7

Studyoflsothermalcontinuousstirredtankreactor.

StudyofRTDinpackedbed.

Studyof RTDstudiesincontinuousstirredtankreactor.

Studyof non-catalytichomogenousreactionina isothermaltubularflow reactor.
Studyof non-catalytichomogenousreactionina batchreactor.

Studyof non-catalytichomogenousreactionina continuousstirredtankreactor.

Studyof non-catalytichomogenous reactioninplugflow reactor.

MiniProject

Category

Code SubjectName L| T P CA |MSE ESE | Total

Credit

ELC

26AF1507 MiniProject - - 2160 40 100
MP609

The purpose behind the mini project is that the student should be exposed to more hands-on rather than merely

theory. It is expected that the student (or a small group say, not more than two in a group, to be confirmed) will

undertake to make a working model, a program, critics on technology evolution, experimental work, survey etc.

which he will benefit from since he /she will be doing it first-hand. It should be related to chemical engineering

field.




