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Course Learning Objectives:
. To have an insight into Fourier series, Fouriengfarms, Laplace transforms, Difference
equations and Z-transforms.
. To develop the proficiency in variational calculurgd solving ODE'’s arising in engineering
applications, using numerical methods.
Module-1

Laplace Transform: Definition and Laplace transforms of elementanyctions (statements only). Laplace
transforms of Periodic functions (statement onhyd anit-step function — problems.

Inverse Laplace Transfornt Definition and problems, Convolution theoremitafthe inverse Laplace
transforms (without Proof) and problems. Solutidtirear differential equations using Laplace tfanss.

Module-2

Fourier Series Periodic functions, Dirichlet's condition. Foeriseries of periodic functions peridf1 and
arbitrary period. Half range Fourier series. Pradtharmonic analysis.

Module-3

Fourier Transforms: Infinite Fourier transforms, Fourier sine and cediransforms. Inverse Fourier
transforms. Problems.

Difference Equations and Z-Transforms:Difference equations, basic definition, z-transfatefinition,
Standard z-transforms, Damping and shifting rutgsal value and final value theorems (without pfjoand
problems, Inverse z-transform and applicationteesdifference equations.

Module-4

Numerical Solutions of Ordinary Differential Equations(ODE’s}:

Numerical solution of ODE’s of first order and fidegree- Taylor’s series method, Modified Eulensthod.
Runge -Kutta method of fourth order, Milne’s andafttBash forth predictor and corrector method (No
derivations of formulae)-Problems.

Module-5

Numerical Solution of Second Order ODE’s Runge-Kutta method and Milne’s predictor and cdoe
method. (No derivations of formulae).

Calculus of Variations: Variation of function and functional, variationakgblems, Euler's equatior
Geodesics, hanging chain, problems.

N

Course outcomes:
At the end of the course the student will be abie t
* CO1: Use Laplace transform and inverse Laplacestoam in solving differential/ integral equatic
arising in network analysis, control systems arofields of engineering.
» COZ2: Demonstrate Fourier series to study the bebawf periodic functions and their applications
system communications, digital signal processirgjfagid theory.
+ CO3: Make use of Fourier transform and Z-transfeonilustrate discrete/continuous function arisi
in wave and heat propagation, signals and systems.
. CO4: Solve first and second order ordinary défgial equations arising in engineering proble
using single step and multistep numerical methods.
* COb5:Determine the externals of functionals usioglculus of variations and solve proble
arising in dynamics of rigid bodies and vibratioraialysis.

n

n

ms

ms

Question paper pattern:
e The question paper will have ten full questionsyéag equal marks.
e Each full question will be for 20 marks.
e There will be two full questions (with a maximumfofir sub- questions) from each module.

« Each full question will have sub- question coveriighe topics under a module.
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The students will have to answer five full quessioselecting one full question from each module.

Sl Title of the Book Name —of the Name of the Publisher Edition and
No. Author/s Year
Textbooks
1 Advanced Engineering E. Kreyszig John Wiley & Sons 10" Edition,
Mathematics 2016
2 Higher Engineering Mathematics B. S. Grewal Khanna Publishers 44" Edition,
2017
3 Engineering Mathematics Srimanta Pal et al| Oxford University| 3 Edition, 2016
Press

Reference Books

1 Advanced EngineeringC. Ray Wylie,| McGraw-Hill Book Co | 6™ Edition, 1995
Mathematics Louis C. Barrett

2 Introductory Methods of S.S.Sastry Prentice Hall of India | 4™ Edition 2010
Numerical Analysis

3 Higher Engineering Mathematics B.V. Ramana McGraw-Hill 11" Edition,2010

4 A Textbook of EngineeringN. P. Bali and Laxmi Publications 6™ Edition, 2014
Mathematics Manish Goyal

5 Advanced EngineeringChandrika Prasagd Khanna Publishing, 2018

Mathematics

and Reena Garg

Web links and Video Lectures:
1. http://nptel.ac.in/courses.php?disciplinelD=111
2. http://mww.class-central.com/subject/math(MO®PCs

3. http://academicearth.org/

4. VTU EDUSAT PROGRAMME - 20




B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - Il
CHEMICAL PROCESS CALCULATIONS
Course Code 18CH32 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives The students will
1. Learn basic laws about the behavior of gases,dgjand solids and some basic mathematical tools.
2. Understand systematic problem solving skills, esbaronfidence, and generate careful work habits.
3. Learn what material balances are, how to formwatkapply them, how to solve them.
4. Learn what energy balances are, and how to apgs thnd finally, to learn how to deal with t
complexity of big problems.

Module-1

UNITS AND DIMENSIONS:

Fundamental and derived units, Conversion, Dimergioonsistency of equations, Dimensionless graumgs
constants, conversions of equations.

BASIC CHEMICAL CALCULATIONS:

Concept of mole, mole fraction, Compositions of tmirs of solids, liquids and gases, Concept of Ndityn
Molarity, Molality, ppm, Ideal gas law calculatians

Module-2

MATERIAL BALANCE WITHOUT REACTION:
General material balance equation for steady arsteady state, Typical steady state material batairc
distillation, absorption, extraction.

1)

Module-3

MATERIAL BALANCE WITHOUT REACTION:
Drying, mixing and evaporation, Elementary treattmnef material balances involving bypass, recycld

purging.

Module-4

STEADY STATE MATERIAL BALANCE WITH REACTION:

Principles of Stoichiometry, Concept of limitingxoess reactants and inerts, fractional and perger
conversion, fractional yield and percentage vyieddlectivity, related problems, Ultimate and proxien
analysis of fuels, Calculations involving burninfsmlid, liquid and gaseous fuels, excess airfust-ratio
calculations.

nta

Module-5

ENERGY BALANCE:

General steady state energy balance equation, Bhphysics, Thermo chemistry and laws, Heat capagcity

Enthalpy, Heat of formation, Heat of reaction, Helatombustion and Calorific values. Heat of santiHeat
of mixing, Heat of crystallization, determinatiofi AHg at standard and elevated temperatures, Theorg
flame temperature and adiabatic flame temperature.

stical

Course OutcomesOn completion of this course the student will have

» Comprehend the basic theories in stoichiometryantbrm unit conversions and calculations.

» Discuss material balance of steady state procékeddistillation, absorption, extraction and
crystallization.

» Solve material balance problems like drying, mixiegaporation, bypass, recycle and humidificatig

» Discuss concepts of material balance problems etigmical reactions. Combustions and air fuel
calculations.

» Explain the concepts of thermo physics and thermmmistry and solve steady state enthalpy balar
problems.

» Develop mathematical solutions for mass and enleaggnce for any processes.

bn.
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QUESTION PAPER PATTERN:
* The question paper will have ten questions.
» Each full Question consisting of 20 marks
* There will be 2 full questions (with a maximum olf sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
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» The students will have to answer 5 full questisedecting one full question from each module.
Note: Question Paper to contain at least 30% Theory

TEXT BOOKS:

1. Bhatt B.l. and Vora S.M“Stoichiometry (SI Units)”, 3 edn, 1996, Tata McGraw Hill Publishing
Ltd., New Delhi, 1996
2. Hougen O.A., Watson K.M. and Ragatz R.Zhemical Process Principles-Part I”
3. “Material and Energy balances”, 2 Edn, CBS publishers and distributors, New DelBp5.
REFERENCE BOOK:

1. Himmelblau D.M.,“Basic principle and Calculations in Chemical Engireering”, 6"edn, Prentice
Hall of India, New Delhi,1997.




B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - Il
MOMENTUM TRANSFER
Course Code 18CH33 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will

1. Understand concepts on nature of fluids, pressareapts and measurement of pressure by va
experimental methods and by mathematical relagmasenhancement of problem solving skills.

2. Learn detailed explanation on types of fluids, sgrand velocity relations, type of fluid flow a
boundary layer relations.

3. Understand relationship between kinetic energyemtidl energy, internal energy and work comp
flow systems using Bernoulli's equation with apgtion to industrial problems.

4. Understand clear concepts on Flow of incompresdihids in conduits and thin layers and fricti
factor variations with velocity and friction lossesing Bernoulli's Equations and they will |
demonstrated experimentally.

5. Study Flow of compressible fluids, Dimensional gs&, Dimensional homogeneity and varig
dimensionless humbers and their applications.

6. Understand principles and working of various typépumps, transportation and metering of flu
using various experimental techniques and applinatio industry.

Module-1

FLUID STATICS AND ITS APPLICATIONS:

Concept of unit operations, Concept of momentumstier, Nature of fluids and pressure concept, tiariaof
pressure with height — hydrostatic equilibrium, ®&@aetric equation, Measurement of fluid pressur
manometers, Continuous gravity decanter, Centrifdgeanter.

FLUID FLOW PHENOMENA:

Type of fluids — shear stress and velocity gradiefdtion, Newtonian and Non- Newtonian fluids, &dsity
of gases and liquids. Types of flow — laminar amdualent flow, Reynolds stress, Eddy viscosity.wrlm
boundary layers, Reynolds number, and Boundary kgaration and wake formation.

Module-2

BASIC EQUATIONS OF FLUID FLOW:

Average velocity, Mass velocity, Continuity equatidculer and Bernoulli equations Modified equatidmis
real fluids with correction factors, Pump work iefBoulli equation, Angular momentum equation.

FLOW OF INCOMPRESSIBLE FLUIDS IN CONDUITS AND THIN LAYERS:

Laminar flow through circular and non-circular coitd, Hagen Poiseuille equation, Laminar flow ofnN
Newtonian liquids, Turbulent flow in pipes and @dschannels.

Module-3

FLOW OF INCOMPRESSIBLE FLUIDS IN CONDUITS AND THIN LAYERS:

Friction factor chart, friction from changes in @eity or direction, Form friction losses in Bernlbelquation,
Flow of fluids in thin layers.

FLOW OF COMPRESSIBLE FLUIDS:

Continuity equation, Concept of Mach number, Teta¢rgy balance, Velocity of sound, Ideal gas eqoaf
Flow through variable-area conduits, Adiabatic tfonal flow, Isothermal frictional flow (elementa
treatment only).
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Module-4

TRANSPORTATION AND METERING OF FLUIDS:

Pipes, Fittings and valves, Measurement of fluid gas flow rates by orifice meter, rotameter andtpube,
Elementary concept of target meter, vortex-sheddaiggers, turbine meters, positive displacement rse
magnetic meters, coriolis meters and thermal mefdosy through open channeleirs and notches.

te

Module-5

PUMPS:
Performance and Characteristics of pumps-positisplatement and centrifugal pumps, Fans, compres
and blowers.

DIMENSIONAL ANALYSIS:

SOr

Dimensional homogeneity, Rayleigh’'s and BuckingHammethods, Significance of different dimensionl

2SS




numbers, Elementary treatment of similitude betwmedel and prototype.

Course Outcomes:On completion of this course the students will bie o

» Recall the concepts of fluid statics and dynamius @ble to measure pressure difference.

» Explain the fundamental equations of fluid flow.

» Understand the various equations for incompressittecompressible fluids in conduits.

» Demonstrate the knowledge of fluid flow principlasrarious types of flow measurements,
transportation and metering equipment of fluidagsxperimental techniques and applications to
industry.

» Develop functional relationships using dimensianalysis and similitude to solve technical
problems.

» Design appropriate flow systems and flow measurisgguments.

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
e Each full Question consisting of 20 marks
* There will be 2 full questions (with a maximum olf sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questi@edecting one full question from each module.

TEXT BOOKS:

1. McCabe, W.L. et.al., “Unit Operations in Chemical Engineering”, 5%edn., McGraw Hill, New
York 1993

2. Kumar K.L.,“Engineering Fluid Mechanics”, Eurasia Publishing House (p) Ltd., New Delfflean.
1984

3. Dr R K Bansal., A Text Book of Fluid Mechanics 1%%edn., Laxmi Publications (P) Ltd., New Delhi.

2005.
REFERENCE BOOKS:

1. Coulson J.H. and Richardson J.Fchemical Engineering”, Vol-l, 5%edn., Asian Books (p) Ltd
New Delhi, 1998

2. Badger W.L. and Banchero J.Tintroduction to Chemical Engineering”, Tata McGraw Hill, New
York, 1997




B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - llI
MECHANICAL OPERATIONS
Course Code 18CH34 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will
1. Study different properties of particulate solidantiling and mixing of solid particles.
2. Study principles of comminution and different typefs equipment for size reduction like crusheg
grinders etc.
3. Understand mechanical separation aspect such esngug, filtration, sedimentation, transportatidn|
solids etc.

4. Understand energy requirements in solids handéiggation and mixing, solid conveying and storage.

5. Hands on experience of working by conducting expents on some of the basic unit operations sug
separation and size reduction.
6. Present seminar on current separation techniqukesumit the report on the same.

Module-1

PARTICLE TECHNOLOGY:

Particle shape, patrticle size, different ways qfression of particle size, shape factor, spheripgyticle size
analysis, screens — ideal and actual screens,r&itial and cumulative size analysis, effectiverafsscreen,
Specific surface of a mixture of particles, Numlmdrparticles in a mixture, standard screens, Irrehlg
screening equipment, Motion of screen, Grizzly, &gry screen, Vibrating screen, Trommels.

Module-2

SIZE REDUCTION:

Introduction — types of forces used for comminutiGniteria for comminution, Characteristics of comuated
products, Laws of size reduction, Work Index, Emeugilization, methods of operating crushers — H
crushing, choke feeding, open circuit grinding, $&ld circuit grinding, wet and dry grinding, Equiprhéor

size reduction — Classification of size reductigaipment, equipment — Blake jaw crusher, Gyratonsker,
Smooth roll crusher, Toothed roll crusher, impactall mill, Critical speed of ball mill, Cutters Knife

cutter.

Module-3

FLOW OF FLUID PAST IMMERSED BODIES:

Drag, Drag coefficient, Pressure drop — Kozeny-Garnmequation, Blake-Plummer, Ergun equati
Fluidization, conditions for fluidization, Minimurftuidization velocity, Pneumatic conveying.

MOTION OF PARTICLES THROUGH FLUIDS:

Mechanics of particle motion, Equation for one dagienal motion of particles through a fluid in gtational
and centrifugal field, Terminal velocity, Drag cbeient, Motion of spherical particles in Stoke’'sgion,
Newton’s region, and Intermediate region, Criterfon settling regime, Hindered settling, Modificati of
equation for hindered settling, Centrifugal sepansgtCyclones and Hydro cyclones.

Module-4

ree

SEDIMENTATION:

Batch settling test, Coe and Clevenger theory, Kytheory, thickener design.
FILTRATION:

Introduction, Classification of filtration, Cakdtfation, Clarification, batch and continuous filtion, Pressure
and vacuum filtration, Constant rate filtration arake filtration, Characteristics of filter mediagdustrial
filters, Sand filter, Filter press, Leaf filter, Boy drum filter, Centrifugal filtration — Susperttbatch
centrifuge, Filter aids, Application of filter aidBrinciples of cake filtration.

Module-5

AGITATION AND MIXING:

Application of agitation, Agitation equipment, Tygpef impellers — Propellers, Paddles and Turbifésy
patterns in agitated vessels, Prevention of swirli@tandard turbine design, Power correlation amdep
calculation, Mixing of solids, Types of mixers —uNér mixers, Mixing index, Ribbon blender, Intelisarew
mixer.

SAMPLING, STORAGE AND CONVEYING OF SOLIDS:

Sampling of solids, Storage of solids, Open andeatostorage, Bulk and bin storage, Conveyors —

Belt




conveyers, Chain conveyor, Apron conveyor, Bucketveyor, Screw conveyor.
MISCELLANEOUS SEPARATION:
Magnetic separation, Electrostatic separation,idigdHeavy media separation, Froth floatation pssce

Course OutcomesOn completion of this course the students will bke @&o
» Apply principles of screen analysis, equivalenntters to samples. Comprehend applications of
Standard Sieve Series, concepts of ideal and astuséns and Screening equipment.
» Comprehend the forces and laws of size reductidreaplain the working principle of size reductio
equipment.
* Comprehend flow of fluids through solid beds angdlgphe same to filtration.

» Deduce expression for power requirements in agiand mixing and compare different mixing
devices.

» Comprehend different sampling techniques and sobiiseying machinery.

» Explain principle of size separation in Magnetitedirostatic, Froth Floatation techniques and size
enlargement techniques.

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
e Each full Question consisting of 20 marks
* There will be 2 full questions (with a maximum off sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questiaesecting one full question from each module.

TEXT BOOKS:
1. McCabe, W.L, etal., “Unit Operations in Chemical Engineering”, 5%edn., McGraw Hill
International, Singapore, 2000
2. Badger W.L. and Banchero J.TIntroduction to Chemical Engineering”, 3%dn. Tata McGraw
Hill International Edition, Singapore , 1999
3. Coulson J.H. and Richardson J.FCoulson and Richardson’€hemical Engineering”, Vol-lI
Particle Technology and Separation Proce8sd®6., Asian Books (p) Ltd., New Delhi, 1998
REFERENCE BOOKS:

1. Brown G.G.et.al., “Unit Operations”, ' edn., CBS Publisher, New Delhi, 1995
2. Foust A.S.gt.al., “Principles of Unit Operations”,”i'Sedn., John Wiley and Sons, New York, 1997
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - I
CHEMICAL TECHNOLOGY-I
Course Code 18CH35 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will
1. Understand industrial scale operations and prosess@loyed at inorganic chemical industries.
2. Be exposed to various types of reactions and reagies involved.
3. Understand various types of engineering probleras@mtered at these industries.
4. Be exposed to National importance and major plagdtions of these industries.
5. Understand safety and environmental concerns gethelustries.
Note: Unit processes and unit operations involvednain/side reactions, raw materials / utility required,

material and energy balances, flow sheet of the pcess, equipment used, major and minor engineering

problems, uses, examples of such industries in Iradireasons for their locations of the above industs
are to be discussed.

Module-1

Water and Air:

Water:

Introduction, impurities in water, soft water-hangter, causes of hardness, disadvantages of hatet,
measurement of hardness, methods of softening tefrwaurification of water, treatment of boiler feeater.
Air:

Introduction, constituents, compressed air, bloaerfan air, types of compressors.

Module-2

Industrial Gases and Acids:
Industrial Gases: CO,, H,, O,, N,, SO, SO;, Water Gas, Shift Gas
Industrial Acids: Sulfuric, Nitric, Hydrochloric and Phosphoric Acids

Module-3

Chlor-alkali and Cement industries:

Alkali industries: Sodium chloride, Soda ash, Caustic soda, Chlorine.

Cement industries: Classification, manufacture, reactions, flow diagsa major and minor engineering

problems, applications.

Module-4

Inorganic Fertilizers: Ammonia, urea, ammonium phosphate, ammonium njtaaenonium sulphate, DAP,
phosphorous pentoxide, super phosphate and tapler phosphate.

Module-5

Miscellaneous Industrie:: Paints, pigments, varnishes, hydrogen peroxitieqs carbide, glass.

Course OutcomesOn completion of this course the students will bie o

* Get insight of sources, impurities and treatmernthoes of water and air.

* Explain the production of different industrial gasend acids.

» Develop flowchart for industrial scale operationsl @rocesses employed at chlor-alkali and ceme
industries.

» Identify various types of reactions and reactoes/mvolved in the production of fertilizers.

» Develop flow charts and explain industrial scaleragtions/processes employed in inorganic chem
industries.

» Identify the major and minor engineering problemgliifferent inorganic industries.

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
» Each full Question consisting of 20 marks
* There will be 2 full questions (with a maximum olf sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questiaetecting one full question from each module.

TEXT BOOKS:

nt
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1. Shreve's Chemical Process Industried™ edn, McGraw Hill.
2. Dryden — Outlines of Chemical Technology for 2%t Century, Gopal Rao & Marshall Sittig,"
Edn., EWP.
3. Unit Processes in Organic Chemical IndustriesDesikan and Sivakumar (Eds.), CEDC, IITM, 19
REFERENCE BOOK:
1. Encyclopedia of Chemical TechnologyKirk and Othmer, 27volume, 8' Edn, Wiley, 2004.

B2.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - I
TECHNICAL CHEMISTRY
Course Code 18CH36 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will

1. Study the basic of bond formation, Types of bondirfnti bonding.

2. Study of Colligative properties; determine the efi$eof solutes on boiling point, freezing pointdan
osmotic pressure and to calculate the moleculaghteif the unknown solute using freezing point
depression.

Study of isomerism nomenclature properties of issme
Study of Coordinate compounds.

Study of Heterocyclic compounds.

6. Study of reactions & mechanisms.

arow

Module-1

BONDING: Atomic and Molecular orbital theory:
Theory of bonding, Types of bonds, Hydrogen bonith wiscussion on interaction between two atoms sisq
exchange of electron, screen effect of electramscicharacter of H-OH bond. Anti-bonding, Bonddheof
metals, Theory of resonance, Structural stabilsyucture of carbonate ion and benzene, Importarig
resonance compounds.

Module-2

COLLIGATIVE PROPERTIES:
Colligative properties - meaning and types, Lowgrmh vapor pressure - Raoult’s law - statementitéition,

Determination of molecular weight by lowering ofpaat pressure. Problems, Ostwald’s and Walker’s gukth

Elevation in boiling point of a solvent — derivatioExperimental determination of molecular weigt
ebullioscopy method, problems, Isotonic solutionsabnormal molecular weight. Osmosis and osm
pressure — explanation of the terms, effect of tmampre and concentration and simultaneous effelobib,
Determination of moleular weight, Berkeley and Hartley's method.

Module-3

ISOMERISM:

h

b
otic

Definition, Types, Conformational isomerism in aika, free rotation about carbon- carbon single bpnd

conformation of ethane, propane n, butane , reasbability of different conformations. Optical imers —
Isomer number & tetrahedral carbon atom chiraldgtical isomerism with one asymmetric carbon at
Polarimeter, Specific rotation, Enantiomerism R &\Bmenclature. Geometrical isomerism — Definiti
conditions for geometrical isomerism, cis-trans & Ehomenclature, physical & chemical properties
geometrical isomerism.

COORDINATION CHEMISTRY:

Werner's theory, Nomenclature, effective atomic bem stability of complex ions, factors affectinget
stability, stereochemistry of co-ordination compdsinisomerism of co-ordination compounds. Impantaof
coordination compounds.

Module-4

HETEROCYCLIC COMPOUNDS :

Nomenclature, Classification, Structure, PrepamtiProperties & Reactions of Heterocyclic, Awgales of
Cyclopropane, Cyclo butane Cyclopentadiene, Heyetimts one or more hetero atoms, Azetidenes, ran
Pyratidine, Pyroles, diazines, Fused heterocydHeserocyclics in Dyes, Medicingdatural products.

Module-5

REACTIONS & MECHANISMS:

Concept of Steady states, reactive intermediatadyadions, Carbocations, Inductive and resonarfeetef
Mechanism of nucleophilic substitution (SN1 andis2alkyl halides. Mechanism of elimination reaaso(E1
and E2). Mechanism of electrophilic substitutionbienzene, nitration, sulphonation, halogenatioredet-
crafts alkyl and acylation reactions. Electroniterpretation of orienting influence of substituemsromatic
electrophilic of toluene, chlorobenzene, phenol mitbenzene. Solvents effects.

Course OutcomesOn successful completion of this course studentdeiable to

» Explain the bond theory Resonance theory H-OH Bonds
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* Understand the Colligative properties.

» Explain the effects of solutes on boiling poingdzing point, and osmotic pressure.

» Calculate the molecular weight of the unknown soliging freezing point depression.

» Explain the structure and bonding of coordinatiompounds with proper reason of deviation,
isomerism prevailing.

» Write reaction mechanisms in various types of ieast

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
e Each full Question consisting of 20 marks
* There will be 2 full questions (with a maximum off sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questiaesecting one full question from each module.

TEXT BOOKS:
1. ArunBahl and Bahl B.S A text book of Organic Chemistry”, 15"edn., Chand S. and Compat
New Delhi, 1998
2. Morrison B.R. and Boyd L.L“Organic Chemistry” , 6"edn, ELBS, New Delhi, 1998
3. Tiwari Melhotra and Vishnoi;Organic Chemistry” , 7"edn., Chand S. and Company, New De
1996

REFERENCE BOOKS:
1. Puri L.R. and Sharma B.R'Physical Chemistry”, 14" edn., Chand S. and Company, New De
1998
2. James Huheeylnorganic Chemistry” , 19"edn. Wiley Publishers, New Delhi, 1997.

vy,

i,

I,

3. Dhone D. B., A Text Book of Plant Utilities, Nirdfublications.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - 11l

MOMENTUM TRANSFER LAB

Course Code 18CHL37 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:

Sl. No. | Experiments

Friction in circular pipes.

Friction in non-circular pipes.

Friction in helical/spiral coils.

Flow measurement using venturi/orifice metersdmpressible fluid).

Flow over notches.

Hydraulic coefficients — open orifice.

Packed bed.

1
2
3
4
5 Local velocity measurement using Pitot tube.
6
7
8
9

Fluidized bed.

10 Study of characteristics for centrifugal , Fesidisplacement pump

11 Study of various pipe fittings and their equérdllengths.

12 Compressible fluid flow.

13 Reynolds apparatus.

14 Unsteady flows - Emptying of Tank

15 Bernoulli's Experiment.

Note: Minimum 10 experiments are to be conducted

Course OutcomesOn successful completion of this course studentdwiable.
< Identify, name, and characterize flow patterns ragiimes.

« Write basic units of measurement, convert unitd, gpreciate their magnitudes.

* Measure fluid pressure and relate it to flow velaci

» Demonstrate practical understanding of frictionséxs coefficient of discharge and efficiency

internal flows and pumps.
» Explain fluid flow in channels and application &dWw meters and notches.
» Demonstrate the ability to write clear lab reports.

Conduct of Practical Examination:
1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by

the examiners.

3. Students can pick one experiment from the questiot prepared by the examiners.

4. Change of experiment is allowed only once arti Marks allotted to the procedure part to be maie.n

in
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - Il
TECHNICAL CHEMISTRY LAB
Course Code 18CHL38 CIE Marks 40
Teaching Hours/Week (L:T:P) (0:2:2) SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives:

Sl. No. | Experiments

Critical Solution Temperature- Water — Phenolt&ys

Distribution Coefficients - lodine in Water Chidorm.

Boiling Point Elevation -Water acetic acid sabuti

Estimation of dissolved oxygen in given samplevater by Winkler's method.

Analysis of alloy- Stainless steel/ Brass.

Analysis of Bleaching Powder -Available chlorine.

Molecular weight determination -Victor Mayers Med

1
2
3
4
5 Estimation of lodine & Saponification number efgetable oil .
6
7
8
9

Freezing point depression- Ice-salt system.

10 Refractometric Estimation - Sugar content ofisoh.

11 Heats of mixing -Water —HCI system.

12 Conductometric estimation- Water hardness esbma

13 Calorimetric Estimation — Potassium dichromBEimation

14 Analysis of coal- Moisture Volatile matter &M content.

15 Study of kinetics of reaction between K2S5208 kihd

16 Study of kinetics of hydrolysis of ester.

17 Conductometric determination of equivalent caanice of acetic acid at infinite.

18 Dilution (using Kohlrausch Law).

19 Estimation of phenol by iodometric method.

20 Preparation of p-bromo acetanilide from aceitail

21 Colorimetric estimation of fluoride in water ngiSPADNS reagent.

Note: Minimum 10 experiments are to be conducted

Course OutcomesOn successful completion of this course studentdeiable.

« Explain and perform analytics of quantitative estiion by volumetric method of metal and alloys,
and proximate analysis of coal.

» Determine disinfectant and water quality parametelysis to assess the quality of water.

* Analyze kinetics, partition co-efficient, transitiotemperature, percentage composition of bir
mixture, critical solution temperature and molecwlaight of chemical components.

* Predict the organic reaction mechanism and to estinfunctional groups employing differe
techniques.

* Have knowledge of handling instruments for preeisalysis.
» Perform physico-chemical experiments.

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by
the examiners.

3. Students can pick one experiment from the questiot prepared by the examiners.

4. Change of experiment is allowed only once arti Marks allotted to the procedure part to be maie.x

oil

nary

nt
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B. E. (Common to all Programmes) 17
Outcome Based Education (OBE) and Choice Based Cre®ystem (CBCS)
SEMESTER Il /111 / IV

Aadalitha Kannada

Course Code 18KAK28/39/49
Teaching Hours/Week (L:T:P) (0:2:0) CIE Marks 100
Credits 01
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B. E. (Common to all Programmes) 18
Outcome Based Education (OBE) and Choice Based Cre®ystem (CBCS)
SEMESTER -l & 1II/IV

Vyavaharika Kannada

Course Code 18KVK28/39/49
Teaching Hours/Week (L:T:P) (0:2:0) CIE Marks 100
Credits 01

Course Learning Objectives:
The course will enable the students to understaarthBda and communicate in Kannada language.

Table of Contents:

Chapter - 1: Vyavaharika kannad&arichaya (Introduction to Vyavaharika Kannada).
Chapter - 2: Kanada Aksharamale haagu uchcharane ( Kannada AfpabdtPronunciation).
Chapter 3: Sambhashanegaagi Kannada Padagalu (Kannadawamgaetor Communication).
Chapter 4: Kannada Grammar in Conversations (Sambhashdinégahada Vyakarana).
Chapter - 5: Activities in Kannada.

Course Outcomes:
At the end of the course, the student will beedablunderstand Kannada and communicate in Kannada
language.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - Il

CONSTITUTION OF INDIA, PROFESSIONAL ETHICS AND CYBE R LAW (CPC)
(Mandatory Learning Course: Common to All Prograraine

Course Code 18CPC39/49 CIE Marks 40
Teaching Hours/Week (L:T:P) (1:0:0) SEE Marks 60
Credits 01 Exam Hours 02

Course Learning Objectives:To

» know the fundamental political codes, structur@cpdures, powers, and duties of Indian governn

institutions, fundamental rights, directive prifeip, and the duties of citizens

* Understand engineering ethics and their respoitibil identify their individual roles and ethic
responsibilities towards society.

* Know about the cybercrimes and cyber laws for cglagety measures.

Module-1

Introduction to Indian Constitution:

The Necessity of the Constitution, The Societideigeand after the Constitution adoption. Introdtutto the
Indian constitution, The Making of the Constitutiorhe Role of the Constituent Assembly - Preambig
Salient features of the Constitution of India. Faméntal Rights and its Restriction and limitationgifferent
Complex Situations. Directive Principles of t8taPolicy (DPSP) and its present relevance our
society with examples. Fundamental Duties an8dtgpe and significance in Nation building.

nent

al

a

Module-2

Union Executive and State Executive:

Parliamentary System, Federal System, Centre-Rgggions. Union Executive — President, Prime tan,
Union Cabinet, Parliament - LS and RS, Parliamgn@mmittees, Important Parliamentary Terminolog
Supreme Court of India, Judicial Reviews and Jatliactivism. State Executives — Governor, Chief Mdiar,
State Cabinet, State Legislature, High Court &ubordinate Courts, Special Provisions (Artig
370.371,371J) for some States.

es

les

Module-3

Elections, Amendments and Emergency Provisions:

Elections, Electoral Process, and Election Commissif India, Election Laws. Amendments Methods in
Constitutional Amendments (How and Why) amdpdrtant Constitutional Amendments. Amendment
7,9,10,12,42,44, 61, 73,74, ,75, 86, and 9939400,101,118 and some important Case Sty
Emergency Provisions, types of Emergencies arabiisequences.

Constitutional special provisions:

Special Provisions for SC and ST, OBC, Women, Céilcand Backward Classes.

Module-4

Professional / Engineering Ethics:

Scope & Aims of Engineering & Professional EthicBusiness Ethics, Corporate Ethics, Personal Et
Engineering and Professionalism, Positive and Negdtaces of Engineering Ethics, Code of Ethics
defined in the website of Institution of Enginediadia): Profession, Professionalism, and Profesdi
Responsibility. Clash of Ethics, Conflicts of Irget. Responsibilities in Engineering Responsib#itin
Engineering and Engineering Standards, the impeusndéo Responsibility. Trust and Reliability
Engineering, IPRs (Intellectual Property RightsskR, Safety and liability in Engineering.

as

in

Module-5

Internet Laws, Cyber Crimes and Cyber Laws:

Internet and Need for Cyber Laws, Modes of Regaiadf Internet, Types of cyber terror capabiliyet
neutrality, Types of Cyber Crimes, India and cylasv, Cyber Crimes and the information Technology
2000, Internet Censorship. Cybercrimes and enfoeog¢gencies.

AC

Course Outcomes:
On completion of this course, students will be dble
CO 1: Have constitutional knowledge and |digatacy.
CO 2: Understand Engineering and Professieitiats and responsibilities of Engineers.

CO 3: Understand the the cybercrimes and dglves for cyber safety measures.
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Question paper pattern for SEE and CIE:
» The SEE question paper will be set for 100 markd #re marks scored by the students
proportionately be reduced to 60. The pattertefquestion paper will be objective type (MCQ).

» For the award of 40 CIE marks, refer the Universiigulations 2018.

ill

Sl. Title of the Book Name of the Name of the Edition and Year
No. Author/s Publisher
Textbook/s
1 Constitution of India, Shubham Singles, 2018
Professional Ethics and Humarn Charles E. Haries, | Cengage Learning
Rights and et al India
2 Cyber Security and Cyber Laws  Alfred Basta and eCengage Learning 2018
al India
Reference Books
3 Introduction to the Durga Das Basu Prentice —Hall, 2008.
Constitution of India
4 Engineering Ethics M. Govindarajan, S.Prentice —Hall, 2004
Natarajan, V. S.
Senthilkumar
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B. E. CHEMICAL ENGINEERING
Outcome Based Education (OBE) and Choice Based Crie@ystem (CBCS)
SEMESTER - 1lI

ADDITIONAL MATHEMATICS — |
(Mandatory Learning Course: Common to All Prograsin
(A Bridge course for Lateral Entry students undgsloma quota to BE/B. Tech. programmes)

Course Code 18MATDIP31 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:1:0) SEE Marks 60
Credits 0 Exam Hours 03
Course Learning Objectives:

. To provide basic concepts of complex trigonometegtor algebra, differential and integral

calculus.

. To provide an insight into vector differentiationdsfirst order ODE'’s.

Module-1

Complex Trigonometry: Complex Numbers: Definitions and properties. Maduand amplitude of
complex number, Argand’s diagram, De-Moivre’s thegor(without proof).

Vector Algebra: Scalar and vectors. Addition and subtraction amdtiplication of vectors- Dot and Crog
products, problems.

je3)

5S

Module-2

Differential Calculus: Review of elementary differential calculus. Polzurves angle between the radi
vector and the tangent pedal equation- PrafleMaclaurin’s series expansions, problems.

Partial Differentiation: Euler's theorem for homogeneous functions of tvaesiables. Total derivatives
differentiation of composite function. Applicatiom Jacobians of order two.

Module-3

Vector Differentiation: Differentiation of vector functions. Velocity andaeleration of a particle moving ¢
a space curve. Scalar and vector point functionad@nt, Divergence, Curl and Laplacian (Definisamly).
Solenoidal and irrotational vector fields-Problems.

Module-4

Integral Calculus: Review of elementary integral calculus. Statemémn¢duction formulae for
sin® x, cos™ x, and sin™ x ¥ cos™ xand evaluation of these with standard limits-ExaapDouble and triple
integrals, problems.

Module-5

Ordinary differential equations (ODE’s): Introduction-solutions of first order and firstgtee differential
equations: Variable Separable methods, exact aedrlidifferential equations of order one. Applicatio
Newton’s law of cooling.

Course Outcomes<At the end of the course the student will be abie t

e« CO1: Apply concepts of complex numbers and vectgetaa to analyze the problems arising
related area.

e CO2: Use derivatives and partial derivatives taualte rate of change of multivariate functions.

« CO3: Analyze position, velocity and accelerationtivo and three dimensions of vector valu
functions.  CO4: Learn techniques of integratiocluding the evaluation of double and trif
integrals.

« CO5: Identify and solve first order ordinary diatial equations.

n

ed
Dle

Question paper pattern:
» The question paper will have ten full questionsyéag equal marks.
» Each full question will be for 20 marks.
» There will be two full questions (with a maximumfofir sub- questions) from each module.

Sl Title of the Book Name of the Name of the Edition and Year
No. Author/s Publisher
Textbook
1 Higher Engineering Mathemati¢c$8.S. Grewal Khanna 439 Edition, 2015
Publishers

Reference Books

1 Advanced Engineering E. Kreyszig John Wiley & 10" Edition, 2015
Mathematics Sons
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Engineering Mathematics Vol.l

RohitkKhurana

Cemgag
Learning

2015
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

COMPLEX ANALYSIS, PROBABILITY AND STATISTICAL METHO DS
(Common to all programmes)
[As per Choice Based Credit System (CBCS) scheme]

Course Code 18MAT41 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:2:0) SEE Marks 60
Credits 03 Exam Hours 03
Course Learning Objectives:
. To provide an insight into applications of compleariables, conformal mapping and special
functions arising in potential theory, quantum neeubs, heat conduction and field theory.
. To develop probability distribution of discrete,ntimuous random variables and joint probability
distribution occurring in digital signal processimigsign engineering and microwave engineering.
Module-1
Calculus of complex functions:Review of function of a complex variable, limit@ntinuity, and
differentiability. Analytic functions: Cauchy-Riema equations in Cartesian and polar forms @and
consequences.
Construction of analytic functions: Milne-Thomson method-Problems.
Module-2

Conformal transformations: Introduction. Discussion of transformations= Z=.w =e*.w =z + ;f Az =00
Bilinear transformations- Problems.

Complex integration: Line integral of a complex function-Cauchy’s thearand Cauchy’s integral formula
and problems.

Module-3

Probability Distributions: Review of basic probability theory. Random variab{discrete and continuous
probability mass/density functions. Binomial, Bois, exponential and normal distributions- probldide
derivation for mean and standard deviation)-lHaiste examples.

~—

Module-4

Statistical Methods: Correlation and regression-Karl Pearson’s coeffitce# correlation and rank correlatior
-problems. Regression analysis- lines of regressmablems.

Curve Fitting: Curve fitting by the method of least squares-figtthe curves of the form-

y=ax+ by —axand vy =ax® + bx +e¢.

N

Module-5

Joint probability distribution: Joint Probability distribution for two discretendom variables, expectatic
and covariance.
Sampling Theory: Introduction to sampling distributions, standartbe Type-l and Typé} errors. Test of
hypothesis for means, student’'s t-distributi@hi-square distribution as a test of goodéss.

Course Outcones: At the end of the course the student will be able t

* Use the concepts of analytic function and complexeptials to solve the problems arising
electromagnetic field theory.

e Utilize conformal transformation and complex intgrarising in aerofoil theory, fluid flov
visualization and image processing.

«  Apply discrete and continuous probability disttibas in analyzing the probability models arising i
engineering field.

» Make use of the correlation and regression arstgsiit a suitable mathematical model for the
statistical data.

» Construct joint probability distributions and demstrate the validity of testing the hypothesis.

n

=~

Question paper pattern:
» The question paper will have ten full questionsyéag equal marks.
» Each full question will be for 20 marks.
» There will be two full questions (with a maximumfofir sub- questions) from each module.

SI No Title of the Book Name of the Name of the

Author/s Publisher Edition and Year
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Textbooks
1 Advanced Engineering E. Kreyszig John Wiley & Sons  T(Edition,2016
Mathematics
2 Higher Engineering B.S. Grewal Khanna Publishers "&dition, 2017
Mathematics
3 Engineering Mathematics Srimanta Pal efal Oxfdmiversity | 3 Edition,2016
Press

Reference Books

1 Advanced Engineering C.Ray Wylie, McGraw-Hill 6" Edition 1995
Mathematics Louis C.Barrett

2 Introductory Methods of S.S.Sastry Prentice Hall of | 4™ Edition 2010
Numerical Analysis India

3 Higher Engineering B.V.Ramana McGraw-Hill 1" Edition,2010
Mathematics

4 A Text Book of Engineering N.P.Bali and Laxmi Publications| 2014
Mathematics Manish Goyal

5 Advanced EngineeringChandrika Prasad Khanna 2018

Mathematics

and Reena Garg

Publishing,

Web links and Video Lectures:
1. http://nptel.ac.in/courses.php?disciplinelD=111

2. http://www.class-central.com/subject/math(MOPCs
3. http://academicearth.org/

4. VTU EDUSAT PROGRAMME - 20
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - lll
CHEMICAL ENGINEERING THERMODYNAMICS
Course Code 18CHA42 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:2:0) SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives The students will

1. Learn fundamentals of thermodynamics such as typpsoperties, processes and laws of
thermodynamics for flow and non-flow process.

2. Understand the clear concepts on P-V-T behavianaltons of state, thermodynamic diagrams and
compressibility charts, entropy, irreversibilitydaproblem solving skills.

3.  Learn the thermodynamic properties of pure fluaergy relations and fugacity concepts.

4.  Study the estimation of partial molar propertig®perty changes of mixing, and ideal and non ideg
solutions.

5. Learn the fundamentals of phase equilibrium, conoéphemical potential and generation and
consistency check for VLE data.

6. Understand fundamentals of chemical reaction dayitilin to find feasibility and extent of conversio
for the industrial reactions.

Module-1

BASIC CONCEPTS:

System, Surrounding and processes, Closed and §tems, state and Properties, Intensive and Bxée
Properties, State and Path functions, equilibritatesand Phase rule, Zeroth law of thermodynantiest
reservoir and Heat engines, Reversible and Irréuderprocesses.

FIRST LAW OF THERMODYNAMICS: General statement of First law of thermodynamiasst Faw for
cyclic process and non-flow processes, Heat capacit

Module-2

P-V-T BEHAVIOUR: P-V-T behavior of pure fluids, Equations of stated adeal gas law, Process
involving ideal gas law: Constant volume, constargssure, constant temperature, adiabatic andrppigt
processes. Equation of state for real gases: vawWals equation, Redlich — Kwong equation, Pen
Robinson equation, Virial equation, Compressibilifyarts: Principles of corresponding states, géimech
compressibility charts.

SECOND LAW OF THERMODYNAMICS: General statements of the Second law, Concept tbjin
The Carnot Principle, calculation of entropy chamgeélausius Inequality, Entropy and Irreversibijlifyhird
law of Thermodynamics.

Module-3

THERMODYNAMIC PROPERTIES OF PURE FLUIDS: Reference Properties, Energy Propert
Derived Properties, Work function, Gibbs free egeRelationships among thermodynamic propertiescE
differential equations, Fundamental property relai Maxwell’s equations, Clapeyron equations,
heat capacity relations, Modified equations for UH& Effect of temperature on U, H & S, Relationsh
between G & Cy, Gibbs- Helmholtz equation, Fugacity, Fugacity flioent, Effect of temperature an
pressure on Fugacity, Determination of Fugacitypofe gases, Fugacities of solids and liquids, Atgtiv
Effect of temperature and pressure on activity.

Module-4

al

ns

es,

X

ip

PROPERTIES OF SOLUTIONS:
Partial molar properties, Chemical potential, Futyao solutions, Henry's law and dilute solutiortivity in
solutions, Activity coefficients, Gibbs — Duhem'guation, Property changes of mixing, excess pragsert

Module-5

PHASE EQUILIBRIA : Criteria of phase Equilibria, Criterion of statyij Duhem’s theorem, Vapor — Liqui
Equilibria, VLE in ideal solutions, Non-ldeal sdlus, VLE at low pressures, VLE at high pressu
consistency test for VLE data, Calculation of Aityivcoefficients using Gibbs — Duhem’s equation.

CHEMICAL REACTION EQUILIBRIUM : Reaction Stoichiometry, Criteria of chemical i@t
equilibrium, Equilibrium constant and standard freeergy change, Effect of temperature, Pressurg
equilibrium constants and other factors affectinguibrium conversion, Liquid phase reactior
heterogeneous reaction equilibrium, phase rulegacting systems.

o

res,

> 0on
NS,

Course OutcomesOn successful completion of this course studentdwiable to
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Calculate the heat and work requirements for thergflow or non-flow processes.

Analyze and find properties such as Pressure, Velana temperature for equations of states and
from the fundamentals of first law of thermodynasnic

Calculate entropy for the processes, and variqusstpf energies such as internal energy, enthalpy
Helmholtz free energy and Gibbs free energy.

Differentiate between ideal and non-ideal soluiod estimate partial molar properties.
Generate Vapor Liquid Equilibrium data for ideatlaron-ideal solutions and check for their
consistency by various methods.

Learn the thermodynamic properties of pure fluetgrgy relations and fugacity concepts.

QUESTION PAPER PATTERN:

Note: Use of steam tables permitted in examinatioand internal assessment test.

The question paper will have ten questions.

Each full Question consisting of 20 marks

There will be 2 full questions (with a maximum olf sub questions) from each module.

Each full question will have sub questions coveatighe topics under a module.

The students will have to answer 5 full questi@aecting one full question from each module.

TEXT BOOKS:

1.

2.

REFERENCE BOOK:

1.

Smith J.M. and Vanness H.C., “Introduction to CheahiEngineering Thermodynamics”fheﬁjn.,
McGraw Hill, New York, 1996

Rao Y.V.C., “Chemical Engineering Thermodynamidséw age International Publication, Nagp
2000

Narayanan K.V., “Text book of Chemical Engineerifbermodynamics”, Prentice Hall of Ind
Private Limited, New Delhi, 2001.

a
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

CHEMICAL TECHNOLOGY-II

Course Code 18CHA43 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives Students will be able to
1. Understand the basic concepts of Industrial Presgssacticed in different Organic Chemical Indestri
2. Get insight in to the safety and environmental ngen@ent schemes practiced.
3. Assess different engineering problems of individuaicesses.
4. Understand the plant layout and equipment useldeiptocesses

Module-1

OILS, FATS, WAXES, SOAPS AND DETERGENTS: Vegetable and animal oils and fats. Extractior
vegetable oils, refining of edible oils. Hydrogedoat of oils, waxes and their applications. Soapd
detergents, theory of detergency. Miscellaneouseamirations.

of
an

Module-2

SUGAR, STARCH AND ALLIED INDUSTRIES: Production of cane sugar. Chemistry of sta
Manufacturing of industrial starch and its applicas. Fermentation industries: Production of ald¢p
Manufacture of beer, wines and liquors.

ch.

Module-3

PETROLEUM INDUSTRIES AND PETROCHEMICALS: Origin and classification. Petroleum refinif
and processing. LPG, CNG, LNG technologies, methagezenes.

9

Module-4

COAL: Formation and Classification of coal, mining of kcatestructive distillation of coal, coking of cog
coal tar distillation, chemicals from coal.
PULP AND PAPER INDUSTRIES: Raw materials, manufacture of pulp, paper and stracboards.

=

Module-5

POLYMERS AND RUBBER: Macromolecules. Polymerization. PVC, LDPE. Polyglepe. Cross-linkec
polymers. UF and MF. Natural rubber.

)

Course OutcomesOn successful completion of this course studentdbeiable to

» Explain the basic concepts of industrial procegsasticed in the manufacture of Oils, Fats, Waxes
Soaps and Detergents.

* Getinsight of sugar, starch manufacture and fetatiem products.

» Explain refining of petroleum and production offdient petrochemicals.

» Explain the formation, classification of coal, destive distillation of coal and manufacture of pul
and paper.

» Learn industrial scale operations and processefogethin manufacture of polymers and rubber.

» Identify the major and minor engineering problemslifferent industries.

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
e Each full Question consisting of 20 marks
* There will be 2 full questions (with a maximum off sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questiaesecting one full question from each module.

TEXT BOOKS:
1. Shreve’s Chemical Process Industrieg™ edn, McGraw Hill.
2. Dryden — Outlines of Chemical Technology for 2%t Century, Gopal Rao & Marshall Sittig,8edn.
EWP.
3. Unit Processes in Organic Chemical IndustrigsDesikan and Sivakumar (Eds.), CEDC, IITM, 19¢
REFERENCE BOOK:
1. Encyclopedia of Chemical TechnologyKirk and Othmer, 27 volume, %' edn, Wiley, 2004

B2.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

MATERIAL SCIENCE

Course Code 18CH44 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able

1. Understand concepts on properties and selectiametéls, ceramics, and polymers for design
manufacturing

2. .Study variety of engineering applications throkgbwledge of atomic structure, electronic structu
chemical bonding, crystal structure, X-rays anda}{-diffraction, defect structure.

3. 3.Study Microstructure and structure-property ietaghips, Phase diagrams, heat treatment of ste

4. Study detailed information on types of corrosiod &s prevention.

5. Learn information on selection of materials forigasand manufacturing.

Module-1

INTRODUCTION : Introduction to material science, Classificatioh engineering materials, Level
structure, Structure property relationships in male

CRYSTAL GEOMETRY AND STRUCTURE DETERMINATION : Geometry of crystals — the Brava
lattices, Crystal directions and planes — the milhelices, Structure determination — X —Ray diffraic —
Bragg law, The powder method.

ATOMIC STRUCTURE, CHEMICAL BONDING AND STRUCTURE OF SOLIDS: Structure of atom
Periodic table, lonization potential, Electron wifff and Electro-negativity, Primary and secondbonds,
variation of bonding character and properties, Gmtasolids, Metals and alloys.

Module-2

CRYSTAL IMPERFECTIONS : Point Imperfections, Line imperfections — edge anrew dislocations, th
Burgers vector, line energy of dislocations, Swefawperfections.

PHASE DIAGRAM AND PHASE TRANSFORMATIONS : Phase rule, Single component systems, Bil
phase diagrams, Lever rule, Typical phase diagfam#lagnesia-Alumina, Copper — Zinc, iron — carh
systems, Nucleation and growth, Solidification,oMbpic transformation.

Module-3

DEFORMATION OF MATERIALS AND FRACTURE: Elastic deformation, Plastic deformation, Cre
Visco-elastic deformation, Different types of fract.

HEAT TREATMENT : Annealing, normalizing, Hardening, Martemperigistempering, Hardenability
Quenching, Tempering.

Module-4 CORROSION AND ITS PREVENTION : Direct corrosion, Electro-chemical corrosion, zatic
cells, High temperature corrosion, Passivity, fexciofluencing corrosion rate, Control and prevemiof
corrosionmodification of corrosive environment, InhibitorBrotective coatings.

and
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Module-5

TYPICAL ENGINEERING MATERIAL S: Ferrous metals, Non ferrous metals and alloysurium and
its alloys, Copper and its alloys, Lead and it®ya] Tin, Zinc and its alloys, Alloys for high teemature

service, Ceramic materials — Structure of ceramislymorphism, Mechanical, electrical and thermal

properties of ceramic phases, Refractories, Glasslesasives, Plastics, fibres and elastomers, @rg
protective coatings.

jan

Course OutcomesOn successful completion of this course studentdeiable to

» Capable of applying core concepts in Materials 1I8m®eo0 solve Engineering problems

» Comprehend Importance of ceramics, polymers angosites, its types and applications

» Study crystal imperfections, its characteristicd aarrosion prevention methods.

* Identify the phase transformation due to tempeeaitualloys and properties of metals and non-me

* Apply the knowledge of visco-elastic behaviour iatarial science and engineering.

» Categorize various heat treatment methods emplioy#ek industry and its effect on the mechanica
properties.

tals

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
» Each full Question consisting of 20 marks
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There will be 2 full questions (with a maximum olf sub questions) from each module.
Each full question will have sub questions coveafighe topics under a module.
The students will have to answer 5 full questi@edecting one full question from each module.

TEXT BOOKS:
1. Raghavan V., “Materials Science and Engineering First Course”, Sedn., Prentice Hall of Indi
Pvt. Ltd., New Delhi, 1996
2. Hajra Choudhury S.K., “Materials Science and Preeg% Indian book distributing Co., 1982
REFERENCES:
1.  Van Vlack H.L., “Elements of Material Science™“@dn., Addison — Wesly Publishing Compa

New York, 1964.

ny,
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

PROCESS HEAT TRANSFER

Course Code 18CHA45 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able

1. Study various modes of Heat transfer and their domehtal relations

2. Study conduction heat transfer and develop matheahaglations for various solid geometries.

3. Understand properties of insulation and criticidkhess of insulation

4. Understand different types of heat transfer coieffits and their estimations in various types ofviid
in different geometries.
Study the Boiling phenomenon and to generate poith curve
Understand the working of Heat exchangers andamleesign of double pipe, shell and tube heat
exchangers and design of evaporators and condpetiments and to submit the report
7. Understand the phenomenon of radiation, radiathields and estimation of emissivity.

oo

Module-1

INTRODUCTION: Various modes of heat transfer Viz. Conduction, eation and Radiation.
CONDUCTION: Fourier's law, Steady state unidirectional heawfithrough single and multiphase layers
slabs, cylinders and spheres for constant andblaribermal conductivity.

INSULATION: Properties of insulation materials, Types of ingafg Critical and Optimum thickness.

Module-2

EXTENDED SURFACES: Fins — Types of fins, Derivation of fin efficiepdor longitudinal fins, Fin
effectiveness, Elementary treatment of unsteadg bat conduction.

CONVECTION : Individual and overall heat transfer coefficiedltMTD, LMTD correction factor,
Dimensionless numbers, Dimensional analysis, Ecgdidorrelation for forced and natural convection.

Module-3

ANALOGY: Analogy between momentum and heat transfer- Regn@diburn and Prandtl analogies.
HEAT TRANSFER WITH PHASE CHANGE: Boiling phenomena, Nucleate and Film boiling,
Condensation - Film and Drop wise condensation shlts equations.
HEAT TRANSFER EQUIPMENT : Double pipe heat exchangers, Shell and tubecheltangers — Types of
shell and tube heat exchangers, Construction de@indenser, types of condensers

Module-4.

DESIGN OF HEAT TRANSFER EQUIPMENT: Elementary design of double pipe heat exchargjesl|
and tube heat exchangers and condensers. Nunteraddems.

Module-5

EVAPORATORS: Types of evaporators, performance of tubular exatpr — Evaporator capacity,
Evaporator economy, Multiple effect evaporator -tiels of feeding, effect of liquid head and boilgnt
elevation.

RADIATION: Properties and definitions, Absorptivity, Refledy Emissive power and intensity of
radiation, Black body radiation, Gray body radiatictefen — Boltzmann law, Wein's displacement law,
Kirchhoff's law.

Course OutcomesOn successful completion of this course studentdeiable to

» Comprehend basic laws of HT and derive steady stqiression for determination of temperature
distribution and heat conduction in different getnes

» Determine critical thickness of insulation and @#incy of extended surfaces

* Derive and determine LMTD, overall heat transfegfioient & temperature distribution under
unsteady-state heat conduction

» Establish the analogy between momentum and hewftraand describe pool boiling regimes

» Explain construction and working principle of heathangers and concepts of radiation

» Comprehend significance of Dimensionless numbeheat transfer coefficient calculation, HT
equipment design and explain working principle wdgorators and apply principles of dimensional
analysis

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
» Each full Question consisting of 20 marks
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* There will be 2 full questions (with a maximum olf sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questi@edecting one full question from each module.
TEXT BOOKS:
1. Kern D.Q.,“Process Heat Transfer”, McGraw Hill., New York, 1965
2. McCabe W.L.,et.al., “Unit Operations of Chemical Engineering”, 5"edn., McGraw Hill, New

York, 2000
3. Coulson J.M. and Richardson J.FUnit Operations of Chemical Engineering”, Vol-I, 5Medn.,
Chemical Engg, Pergamon & ELBS, McGraw Hill, NewrK,a2000
REFERENCES:
1. Rao Y.V.C., “Heat Transfer”,*&dn. Universities Press (India) Ltd., New DelhiQ20
2. Dutta, Binay K., “Heat Transfer: Principles and Aipations”, PHI Learning. 2000
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

INSTRUMENTAL ANALYSIS

Course Code 18CH46 CIE Marks 40
Teaching Hours/Week (L:T:P) (3:0:0) SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The course is designed to impart the knowledgthénfield of Instrumental

Analysis. The various modern analytical technigliles UV-Visible, IR, NMR, Mass, GC, HPLC, differef
chromatographic methods and other important tagriegaught to enable the students to understandaig
the principles involved in the determination offeient bulk drugs and their formulation. In additito the
theoretical aspects, the basic practical knowledigzant to the analysis is also imparted.

nt

Module-1

CHROMATOGRAPHY:

Classification of chromatographic methods basethenmechanism of separation. Column Chromatography:

Adsorption and partition, theory, preparation, @eae and methods of detection. Thin La
Chromatography: Theory, preparation, proceduregctlen of compounds. Paper Chromatography: The
different techniques employed, filter papers usgghlitative and quantitative detection .Counterusrent
extraction, solid phase extraction techniquesfilgedtion.

yer
ory,

Module-2.

GAS CHROMATOGRAPHY: Introduction, fundamentals, instrumentation, calsm preparation an
operation, detection, dramatization. . HPLC: Ppies and instrumentation, solvents and columngctien
and applications, HPTLC: Theory and principle, nastentation, elution techniques.

Module-3

Introduction, electromagnetic spectrum, absorbdawe and limitations, instrumentation-design anakivay
principle, chromophore concept, auxochromes, Wastdr rules for calculating absorption maximum,
applications of UV-Visible spectroscopy . IR spestiopy: Basic principles-Molecular vibrations, ational
frequency, factors influencing vibrational frequiesc sampling techniques, instrumentation, integpien of
spectra, FT-IR, theory and applications.

Module-4.

MASS SPECTROSCOPY:Theory, ionization techniques: electron impact zation, chemical ionization
field ionization, fast atom bombardment, plasma odetson, fragmentation process: types of fissi
resolution, GC/MS, interpretation of spectra anpliaptions for identification and structure detemation.

Module-5

NMR: Theory, instrumentation, chemical shift, shieldemgd de-shielding effects, splitting of signalsinsy
spin coupling, proton exchange reactions, couptioigstant (J), nuclear over Hauser effect (NOE),NI8®&
spectra and its applications, 2D-NMR, COSY and iappibns.

Course OutcomesOn successful completion of this course studentdeiable to

» Discuss types of spectroscopy, instrumentationagmications of UV Spectroscopy

* Explain theory, instrumentation and applicationgRoEpectroscopy

* Explain theory, instrumentation and application®NMR spectroscopy

» Discuss principle, instrumentation and applicatiohass Spectroscopy, Flame Emission
Spectroscopy (FES) and Atomic Absorption Spectnog¢aAS)

» Discuss principle, instrumentation and applicatiohpolarography

» Discuss classification of chromatography and expldiin Layer, Gas Chromatography and High
Performance Liquid Chromatographic methods.

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

* Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum olif sub questions) from each module.

»  Each full question will have sub questions coveafighe topics under a module.

» The students will have to answer 5 full questi@adecting one full question from each module

TEXT BOOKS:
1. Instrumental Methods of Chemical Analysis by EBKarma
2. Organic Spectroscopy by Y.R Sharma.

REFERENCES:
1. Text book of Quantitative Chemical Analysis by Vigé\.l.
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| 2. Organic Spectroscopy by William Kemp
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

CHEMICAL ENGINEERING DRAWING LAB

Course Code 18CHL47 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03

SECTIONAL VIEWS :
Representation of the sectional planes, Sectigmed bnd hatching, selection of section planesygreb of

sectional views.

PROPRTIONATE DRAWINGS

Equipment and piping symbols, Vessels componengss®l openings, Manholes, Vessel enclosures, Vessel

support, Jackets, Shell and tube heat exchangaGtiBe vessel and different types of Evaporator& P
Diagrams

ASSEMBLY DRAWINGS:

Joints: Cotter joint with sleeve, Socket and Spigot joiRianged pipe joint, Union joint, Stuffing box and

Expansion joint (Screw type or flanged type)

COURSE OUTCOMES: On successful completion of this course studenitdeiable to
* Analyze the general projections of given object.
* Represent two-dimensional proportionate drawingsro€ess symbols of various pipes and fittings
« Demonstrate the proportionate drawings of reactiessel, jacked vessels, evaporator, STHE
DPHE
 Identify the parts of industrial used equipment.

and

« Draw the assembly drawings of socket and spigahgiéd pipe and union joints showing sectional,

front, top, and side views.
» Demonstrate the usage of solid edge software twa@rigineering drawing.

» Assignments to be given to students to practicehalldrawings and weightage shall be given
these assignments while awarding IA marks.

e Minimum of Ten drawings are to be conducted.

* Examination consists of one question on proport®rdgrawing (30 marks) and one question
Assembly drawing (70 marks).

» Examination to be conducted like other lab exams. @estion paper should be prepared jointly by,
Internal and External examiners.

» Computer Aided drawing Software: Solid Edge or Eglént Software.

TEXT BOOKS:
1.Gopal Krishna K.R., “Machine Drawing”"™evised edn., Sudhas stores, Bangalore, 1998
2.Bhat N.D., “Machine Drawing”, 2%dn., Charoter Publishing House, Anand, 1987
3. Joshi M.V., “Process Equipment Desi@’ﬂedn., Macmillan India publication”, New Delhi, 1999

REFERENCE BOOKS:
1.Walas S.M., “Chemical Process Equipmentitt&worth Heinemann Pub., 1999
2. Ludwig E.E., "Applied Process Design"’,eﬁin., Gulf Professional Publishing, New Delhi, 1994

Note: Minimum 10 experiments are to be conducted

to

on
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - IV

MECHANICAL OPEARATIONS LAB

Course Code 18CHL48 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03
Sl. No. | Experiments based on the following topics,

Ball mill

Batch sedimentation

Free settling

Drop weight crusher

Sieve analysis

Jaw crusher

Leaf filter

1
2
3
4
5 Screen effectiveness
6
7
8
9

Air elutriation

10 Grindability index

11 Gyratory crusher

12 Froth floatation

13 Plate and frame filter press

14 Cyclone separator

15 Beaker Decantation

Note: Minimum 10 experiments are to be conducted

Course OutcomesOn successful completion of this course studentdeiable to
» Explain properties of particulate solids, handlamgl mixing of solid particles.
» Analyze principles and different types of size r&thn equipment like crushers, grinders etc.
» Explain mechanical separation aspect such as sogediftration, sedimentation, transportation of
solids etc.
» Evaluate energy requirements in solids handlingaagn and mixing, solid conveying and storage.
» Conduct experiments on some of the basic unit dipesasuch as separation and size reduction.
» Develop the ability to write clear lab reports.

TEXT BOOKS:

REFERENCE BOOKS:
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B. E. CHEMICAL ENGINEERING
Outcome Based Education (OBE) and Choice Based Crie@ystem (CBCS)
SEMESTER - IV

ADDITIONAL MATHEMATICS — I
(Mandatory Learning Course: Common to All Branches)
(A Bridge course for Lateral Entry students undgsloma quota to BE/B. Tech programmes)

Course Code 18MATDIP41 CIE Marks 40
Teaching Hours/Week (L:T:P) (2:1:0) SEE Marks 60
Credits 00 Exam Hours 03
Course Learning Objectives:
. To provide essential concepts of linear algebregrse & higher order differential equations along
with methods to solve them.
. To provide an insight into elementary probabilitgdry and numerical methods.
Module-1

Linear Algebra: Introduction - rank of matrix by elementary row ogens - Echelon form. Consistency
system of linear equations - Gauss elimination oektlEigen values and eigen vectors of a squareixn
Problems.

of
atr

Module-2

Numerical Methods: Finite differences. Interpolation/extrapolatiosing Newton'’s forward and backwa
difference formulae (Statements only)-problemslutgm of polynomial and transcendental equadi —
Newton-Raphson and Regula-Falsi methods (only dtae)- lllustrative examples. Numerical integrati
Simpson’s one third rule and Weddle’s rule (withprgof) Problems.

rd

| =)

Module-3

Higher order ODE’s: Linear differential equations of second and higbeter equations with consta]
coefficients. Homogeneous /non-homogeneous equtimverse differential operators.[Particular Imgdg

Finax

restricted tcR{(x) = e“"‘JEJ x™ for f(D)y = R(x).

Module-4

Partial Differential Equations (PDE’s): Formation of PDE’s by elimination of arbitrary ctants and
functions. Solution of non-homogeneous PDE by dingegration. Homogeneous PDEs involving derivat
with respect to one independent variable only.

iv

Module-5

Probability: Introduction. Sample space and events. Axioms abaloility. Addition & multiplication
theorems. Conditional probability, Bayes’s theorenoblems.

Course OutcomesAt the end of the course the student will be abie t
» Solve systems of linear equations using matrixtaige
» Apply the knowledge of numerical methods in modelland solving of engineering problems.
» Apply the knowledge of numerical methods in modelland solving of engineering problems.
» Classify partial differential equations and solkerh by exact methods.
» Apply elementary probability theory and solve rethproblems.

Question paper pattern:
* The question paper will have ten full questionsyéag equal marks.

- Each fuilll niiactinn wiill ha far 20 mavrl

Sl Title of the Book Name of the Name of the Publisher Edition and Year
No. Author/s

Textbook

1 Higher Engineering Mathematics B.S. Grewal KhaRohlishers 43 Edition, 2015

Reference Books
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Advanced Engineering E. Kreyszig John Wiley & Sons TEdition, 2015
Mathematics
Engineering Mathematics Vol.l RohitKhurana Cemghgarning 2015.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -V
MANAGEMENT AND ENTREPRENEURSHIP
Course Code 18CH51 CIE Marks 40
Teaching Hours/Week (L:T:P) 2:2:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objecives: The students will.
1. Understand the roles of managers and historicalugea of various approaches to the study
management.

of

2. Demonstrate the process of planning which can ed as a tool for decision-making in organizations.

3. Create logical relationships between various omgitnal structures and designs.

4. Implement leadership practices towards the managemaed development of people within

organizations.

Module-1

Organization and Management: Forms of Business Organization, Basic concepts aihagement;

classification, characteristics, objectives, Fumti of management-planning, organizing, staffingeating,
Organization Structure-linear, functional, line asi@ff, staff and functional, Management by objexgi
Management information system.

Module-2.

Personnel (Human Resource) Managemer Acquisition of manpower-functions and objectivegpefsonne

management, manpower planning, Job analysis anduatia, Induction, Orientation, Training and

development, Maintenance of human resource. Indlusttations, Trade Unionism.

Module-3

Entrepreneurship and Project Management Entrepreneurship- Types, Growth, functions, gigesjtProject

Planning-project implementation, monitoring and tcoky evaluation strategies, Gantt charts, Critipath
method, Performance evaluation and review technigjglication of network techniques.

Module-4.

Operation Research Introduction, phases, scope, methodology, O R Modechniques, applications of O

Rl

Linear Programming, graphic method, simplex methedjting line theory, game theory, Monte Carlo

technique. Dynamic programming.

Module-5

Materials Management: Purchasing, make or buy decision, stores managemgantory control, spare parts

management, value engineering.
Marketing: Marketing research, marketing management, conshetevior and market promotion.

Course OutcomesOn successful completion of this course studentdeiable to
1. Understand the principles of management theoryc&gaize the characteristics of an organization
2. Demonstrate the importance of key performance areatrategic management & decision-mak
process.

3. Design appropriate organizational structures andsggs an ability to conceive organizational

dynamics.

4. Evaluate attitudes and personality traits for inp@rsonal effectiveness and development wi
organizations.

5. Implement the right leadership practices in orgatnins that would enable systems orientation.

thin

QUESTION PAPER PATTERN:
* The question paper will have ten questions.
e Each full Question consisting of 20 marks
* There will be 2 full questions (with a maximum off sub questions) from each module.
» Each full question will have sub questions coveatighe topics under a module.
» The students will have to answer 5 full questiaesecting one full question from each module.

TEXT BOOKS:
1. T R Banga S C Sharma Industrial Organization angiri&ering Economics Khann
Publications 2% Edition ISBN No. 81-7409-078-9
2. Dr. Vilas Kulkarni & Hardik Bavishi Engineering Esomics & Management: Vika
Publishing.

a

REFERENCES:
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Stephen Robbins, Mary Coulter & Neharika Vohra, Bggment, Pearson Education
Publications, 18 edn, ISBN: 978-81-317-2720-1.

James Stoner, Edward Freeman & Daniel Gilbert Anadement, PHI, 6th Edition, ISBIN:
81-203-0981-2.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER -V
MASS TRANSFER OPERATIONS-|
Course Code 18CH52 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:2:0 SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives The students will
1. Be able to formalate equations for estimation of diffusivities fluids & solids using first
principles of engineering sciences.
2. Be able to apply mass transfer fundamentals toulzdke mass transfer rates and design the 1
transfer equipment.

nass

Module-1

Types of diffusion in fluids. Types of diffusion solid. Measurement and calculations of diffusasti Masg
transfer coefficients and their correlations. Theprof mass Transfer. Interphase mass transfeteridl
balance for co-current, cross-current and courdereat operations. Concept of stages, cascadestaper
NTU and HTU concepts.

Module-2.

Humidification: General theory, Psychrometric chart. Concepts midiification, dehumidification. Design
of cooling towers.

N

Module-3

Drying: Introduction, Equilibria, Drying rate curves. Meciism of drying, types of dryers. Design of batch
and continuous dryers.

Module-4.

Adscrption: Theories of adsorption. Isotherms, Industrial adeots. Equipment, Batch & contious
multistage adsorption.

Module-5

Crystallization: Factors governing nucleation and crystal growtresatControlled growth of crystals.

Incorporation of principles into design of equiprhddifferent types of crystallizer equipment.
Introduction to Novel Separations: lon exchangeMembrane processes-Reverse Osmosis, Dialysis,
and Micro-filtrations, Super-critical fluid extrach.(Working principle and operations only)

D

Ultra

Course OutcomesOn successful completion of this course studentdeiable to
» Estimate mass transfer co-efficient and provid@h@dnclusions on suitability of the operation.
» Explain concepts, application of humidificationhdenidification and design of cooling towers.
» Comprehend operation, concepts and types of dryers.
» Explain operation, types of adsorbers and desigracked bed adsorbers
» Apply the mechanism of crystallization and variseparation techniques.
» Apply the analogies in transport processes foidadilig and reaching substantiated conclusions

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

e Each full Question consisting of 20 marks

»  There will be 2 full questions (with a maximum ofuf sub questions) from each module.

» Each full question will have sub questions covestighe topics under a module.

»  The students will have to answer 5 full questi@edecting one full question from each module

TEXT BOOKS:
1

REFERENCES:

3.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - V
CHEMICAL REACTION ENGINEERING-I
Course Code 18CH53 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:2:.0 SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives The students will be able to
* Analyze and interpret the data to determine rateagon and estimate the performance equatio
ideal systems
» Formulate and analyze the rate equations for vanieactions using suitable mechanisms

Module-1

Introduction: Scope of Chemical Reaction Engineering. Classiticabf reactions. Rate equation and r
of reaction. Factors affecting rate of reaction.ef@fcal kinetics and Thermodynamics Equilibriu
Temperature dependency of rate constant from Amsegollision and Transition state theories. Maladity
and order of reaction.

Non-Elementary Reactions: Difference between elementary and non-elementagctians. Kinetic
models and mechanisms for non-elementary reacfiypes of reactors.

ate
m.

Module-2.

Homogeneous Reactions: Interpretation of batch reactor data. Constant &ridtde Volume batch

reactor. Analysis: Differential method, Integral thed, half-life method. Method of excess and met
of isolation (For Reversible and Irreversible reats up to second order). Autocatalytic reactions.

hod

Module-3

Design of Ideal Reactors: Concept of ideality. Development of design equatidor batch, tubular and
stirred tank reactors for both constant and vagiafollume reactions. Evaluation of rate equationsfdata
obtained in these reactors. Numerical Problems.

Module-4.

Comparisor of Ideal Reactors: General graphical comparison.

Multiple Reactor Systems:Plug flow and/or Mixed flow reactors in Series, qdbel and series parallel.
Reactors of different types and sizes in series.

Design of Reactors for Multiple ReactionsDesign of Batch reactor, Plug and Mixed flow reasttor
Parallel, Series and Series-Parallel reactionsy@ndversible reactions must be considered.

Module-5

Non-Isathermal Reactors: Introduction, effect of temperature on equilibriwonstant and heat of reactign,

Material and Energy balances, conversions in atl@bad non-adiabatic reactors.
Analysis of Non Isothermal Reactor: Design procedure (For single/ simple reactions onBptimum
temperature Progression.

Course OutcomesOn successful completion of this course studentdeiable to
» Discuss types of reactions, order, molecularity famdiamentals of rate.
* Analyze and interpret the kinetic data to deternsiniéable rate equation
* Formulate and analyze the rate equations for vanieactions using suitable mechanisms.
» Develop design/performance equations for idealtoes@nd for multiple reactors
» Explain basics of non-isothermal reactions, maltena energy balances involved.
» Explain design procedures of non-isothermal reactor

QUESTION PAPER PATTERN:

»  The question paper will have ten questions.

»  Each full Question consisting of 20 marks

»  There will be 2 full questions (with a maximum ofuf sub questions) from each module.

» Each full question will have sub questions covestighe topics under a module.

»  The students will have to answer 5 full questi@edecting one full question from each module
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TEXT BOOKS:

1. Chemical Reaction EngineeringQctave Levenspiel,8edn John Wiley & Sons, 2001.
2. Elements of Chemical Reaction Engineerindd. Scott Fogler, "8 edn Prentice Hall 2001.

REFERENCES:
1. Chemical Engineering Kinetics,J.M. Smith, 8 edn, McGraw Hill, 1984
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - V

CHEMICAL EQUIPMENT DESIGN

Course Code 18CH54 CIE Marks 40
Teaching Hours/Week (L: T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives Students will
Understand types in the design of Chemical equipmued its accessories.

Module-1

Introduction: Basic considerations in design. Geneddsign procedure. Equipment
classification. Various components of process agait. Design parameters.

Design Considerations Material selection. Factors affecting designeSses due to static and dynamic
loads (Internal & External).

Design of Pressure Vessel®esign parameters, conditions & stresses. Desigshefl, and other vessel
components. Vessel at low & high operating tempeest Design problems using given process paramet

=8

Module-2.

Vessel Component Design: Design of supports for vessels- Bracket, Leg, Sadaihd Skirt supports.

Classification of flanges. Flange thickness calbog Gasket selection, Bolt selection, Nozzle Saba.
Design of vessel closures- Flat plates, Formed d)eBHiptical & Hemispherical heads

Module-3

Storage Vessels: Process conditions and design parameters for starfagolatile, non-volatile fluids &
gases. Design of cylindrical tanks with fixed rodiesign of partially filled spherical tanks, Nunoait
problems.

Module-4.

Reaction Vessels: Design of reaction tanks with agitation and jacKefes of agitators, baffles. Power
requirement calculations. Design of tank dimensimd agitation system components. Drive calculati&n
selection of accessories. Design of jackets. Nurakproblems

Module-5

Tall Vertical Vessels: Vessels subjected to various loads, Multi shelktiuetions. Determination of shell
thickness. Supports for columns.
Pipe Line Design: Pipe line sizing, Condensate and steam pipe design

Course OutcomesOn successful completion of this course studentdeiable to

» Explain the basic considerations, factors, pararmét@olved in the design, and the types of codes
available for the design

» Explain mechanical properties of materials and M@z apply the knowledge of static and dynam
loads in equipment designing

» Design the pressure vessel and storage vesseih de

» Design the various types of accessories or comgsnesed for the different equipment.

» Design the tall vertical vessel and reaction vesdtl various jackets.

» Solve the problems related to pipe line and desigttie same

QUESTION PAPER PATTERN:

»  The question paper will have ten questions.

»  Each full Question consisting of 20 marks

»  There will be 2 full questions (with a maximum ofuf sub questions) from each module.

» Each full question will have sub questions covestighe topics under a module.

»  The students will have to answer 5 full questi@edecting one full question from each module.

TEXT BOOKS:

1. Process Equipment Design M. V. Joshi, % edn., Macmillan & Co. India, Delhi, 1998.

2. Process Equipment Design — Vessel Desi@rownell & Young, John Willey, 1959

3.Process Design of Equipment— Vol 1S. D. Dawande,r%edn, Central Techno Publications. 2003

REFERENCES:

ic
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1. Chemical Engineers Handbook, Perry & Green, 7 edn, McGraw Hill, 1997
2. Pressure Vessel Code — IS 2825 Code, B.1.S., New Delhi, 1969
3. Flow of Fluids through Valves, Fittings & Pipes Crane Amazon, 2006
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - V
INDUSTRIAL POLLUTION CONTROL
Course Code 18CH55 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to

1.Understand about source, sampling and waste aadysis

2.Understand the causes of water pollution andnresat

3.Understand various concepts of water usage apadrtance

4.Understand about air, soil and noise pollutiod & control.

5. Comprehend the concepts of 3 R’s and its impogan sustainable development.

Module-1

Introduction: Importance of environment for mankind. Biospherel dayers of atmosphere. Hydrologig
cycle and nutrient cycles. Types of pollution. Dges from environmental pollution. Need of enviromtad
legislations and environmental Acts in India. Fimes of central and state pollution control boards.
Sources, Sampling and Analysis of WastewateWater resources. Origin of wastewater. Evaluation,
classification and characterization of wastewaémsical and chemical characteristics. BOD, CODtaett
importance. Types of water pollutants and theie@f.

al

Module-2.

Wastewater Treatment: Preliminary, primary, secondary and tertiary treais of wastewater. Sludge
treatment and disposal. Advanced wastewater treditniRecovery of materials from process effluents.
Applications to Industries: Norms and standards of treated water. Origin, cbariatics, and treatment
methods in typical industries — petroleum refingnylp and paper, distillery, and textile processing

Module-3

Air Pollution Aspecis: Nature of air pollution. Classification of air paants. Sources of air pollutants.
Air quality criteria and standards. Plume behawind dispersion of air pollutants. Effects of ailyton on
health and vegetation.

Module-4.

Air Pallution Centrol: Sampling of pollutants. Methods of estimation afgllutants. Automobile
pollution. Control methods for particulates andegas pollutants. Origin, control methods, and emeipt
used in typical industries- metallurgical industriand cement industries.

Module-5

Solid Waste Treatment: Origin, Classification and microbiology. Propertiasd their variation. Engineerg
systems for solid waste management — generatiosjteorhandling, storage, collection, transfer g
transport, composting, sanitary land filling.

Noise Control: Sources and definitions. Determination of noiseslevNoise control criteria and noise
exposure index. Acoustic absorptive materials.

Course OutcomesOn successful completion of this course studentdbeiable to

» Explain the fundamentals of environmental pollutaomd legal aspects

* Apply the principles of mathematics, science andrenmental engineering for industrial pollution
control.

» Identify and characterize the pollution parametérair and waste water

» Discuss the fundamentals of waste water treatmmehddr pollution control

* Formulate the basic design of Air pollution consgbtems and waste water treatment

» Explain fundamentals and illustrate the basic desigSolid waste treatment and Noise control
systems

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

»  Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum obif sub questions) from each module.

» Each full question will have sub questions coveatighe topics under a module.

»  The students will have to answer 5 full questi@edecting one full question from each module

nd
and
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TEXT BOOKS:
1. Environmental Pollution Control Engg, C.S. Rao, ? edn, New Age Internation&eprint, 2002.
2. Pollution Control in Process Industries,S.P. Mahajan, Tata Mc Graw Hill, ®Reprint, 1999.

REFERENCES:

1.

NoohkwhN

© ®

Principles and Practices of Air Pollution Control and Analysis, J.R. Mudakavi, K.
International Publishing, Home Pvt. Ltd., New Deft010.

Air Pollution, H.C. Perkins, McGraw Hill, 1974.

Solid Waste ManagementD.J. Hageret.al., Van Nostrand Reinhold, 1973.

Industrial Pollution Control Handbook, Lund, H.F., & edn, Vol.1, McGraw Hill, 1971.
Noise AbatementDuerden, Buttreworth, 1970.

Introduction to Environmental Engg, Davis., 3% edn, McGraw Hill, 1998.

Waste Water Engineering Treatment Disposal Reus#/etcalf and Eddy, Aedn, TataMcGraw
Hill, 2003.

Environmental Engineering, G.N Pandey and G.C. Carney, Tata McGraw Hill!' 1Reprint, 2002/
Integrated Solid Waste ManagementGeorge Tchobanoglows al, 2 edn, McGraw Hill & Co,
1993.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - V
BIOCHEMICAL ENGINEERING
Course Code 18CH56 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives To enhance knowledge and skills in the areasaafi@mical processes to
provide the fundamental background of biologicatesns, bio molecules, micro-organisms, fermentation
processes, Bioreactors and kinetics.

Module-1

Introduction: Bioprocess engineering and technology. Role of en@ital engineer in bioprocess industry.
Microbiology: Structure of cells: Prokaryotes angkBryotes. Classification of micro-organisms. Taoy,
control of microorganisms — physical and chemicathods.

Module-2.

Biochemistry: Chemicals of Life: Lipids, Sugars, Polysaccharidésjino acids. Vitamins, Biopolymers
Nucleic Acids: RNA, DNA and their derivatives (Stture, Biological function and Importance for Idaly to
be studied).

Enzymes and Proteins:Detailed structure of proteins and enzymes. FunstidMethods of Production and
purification of Enzymes. Nomenclature and Clasatfan of enzymes. Kinetics and mechanism of Enzyme
action: Michaelis—Menten, Briggs-Haldane appro&urivation.

Module-3

Kinetics of Enzyme Action: Reversible Enzyme. Two-substrate. Multi-complexawyee kinetics
(Derivation of rate equations). Experimental deieation of rate parameters: Batch and continuoaw
experiments. Line weaver—Burk, Eadie-Hofstee andhedaNoolf Plots. Batch Kinetics (Integral apd
Differential methods).
Enzyme Inhibition: Effect of Inhibitors (Competitive, noncompetitiuencompetitive, substrate and produg
inhibitions), Temperature and pH on the rates emzgatalyzed reactions. Determination of kinetiapasters
for various types of inhibitions. Dixon method. Ene immobilization: Uses.

—t

Module-4.

Fermentation Technology:ldeal reactors: A review of Batch and Continuowosvffeactors for bio kinetic
measurements. Microbiological reactors: Operatimhraaintenance of typical aseptic aerobic fermertat
processes. Formulation of medium: Sources of migidntroduction to sterilization of bioprocessiganent.
Growth Kinetics of Microorganisms: Transient growth kinetics (Different phases of hataltivation).
Quantification of growth kinetics: Substrate lindtgrowth, Models with growth inhibitors, Logistiqeation,
Filamentous cell growth model. Continuous cult@etimum Dilution rate and washout condition in Idea
Chemostat.

Module-5

Downstream Processin: Strategies and steps involved in product putiiica Methods of cell disruption,
Filtration, Centrifugation, Sedimentation, Chrongrtphy, Freeze drying / lyophilization. Membrane
separation Technology: Reverse Osmosis, Ultrafitin, Micro filtration, Dialysis.

Course OutcomesOn successful completion of this course studentdeiable to

» Explain structure of cells, nucleic acids, nomeneiks, classification and production of enzymes;
derive the rate equation by M-M and Brigs-Haldappraach

» Derive rate equation for given enzyme mechanisrdsestimate the kinetic rate parameters

» Describe the effects of pH, temperature and inbibibn enzyme catalysed reactions and explain the
methods of enzyme immobilization

» Describe the growth cycle phases for batch cultvednd fed-batch reactors and, derive an expmessio
to determine optimum dilution rate.

* Explain medium formulation, operation & maintenanféermentation process and strategies and
steps involved in product purification.

» Explain Heat & mass transfer considerations ankksgaof bioprocesses

QUESTION PAPER PATTERN:

»  The question paper will have ten questions.

e Each full Question consisting of 20 marks

»  There will be 2 full questions (with a maximum ofuf sub questions) from each module.
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» Each full question will have sub questions coveafighe topics under a module.
* The students will have to answer 5 full questi@adecting one full question from each module

TEXT BOOKS:
1. Biochemical Engineering FundamentalsBailey and Ollis, # edn, McGraw Hill, 1976.
2. Bioprocess EngineeringShuler M. L. and Kargi F.,"2edn, Prentice Hall, 2002.

REFERENCES:

1. Biochemical Engineering,James Lee, Prentice Hall, 1992.

2. Biochemical ReactorsAtkinson B, Pion Ltd., London, 1974.

3. Industrial Microbiology, Casida, wiley, New York, 1968

4. Principles of Fermentation TechnologyStanbury and Whitekar"2edn, Butterworth-Heinemann An
Imprint of Elsevier
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
HEAT TRANSFER LAB
Course Code 18CHL57 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives Students will

1. Experimentally verify the Heat Exchanger concepidisd in theory.

2. Carry out experiment and make observations foiouarheat transfer equipment.
3. Study the effect of U, hi and ho in design of equémt.

4. Evaluate the performance characteristic for difiefeeat transfer cases.

Sl. No. | Experiments

1 Natural Convection in Bare tube

Vertical Shell and tube Heat exchanger (Condé&nser

Horizontal Shell and tube Heat exchanger (Corefgns

Helical Coil Heat exchanger

Effect of Geometry on Natural convection/Lagggiep

Heat Transfer in Packed Beds

Double Pipe Heat Exchanger

2
3
4
5 Emissivity Determination
6
7
8
9

Heat Transfer in Jacketed Vessel

10 Determination of Insulation Thickness

11 Transient Heat Conduction

12 Heat Transfer in Fluidized Beds

13 Evaporator

14 Solar Heater

15 Spiral Plate Heat Exchanger

16 Cross Flow Heat Exchanger

17 Natural Convection in Finned tube

18 Determination of thermal conductivity of a metad

19 Heat transfer through composite wall.

20 Stefan-Boltzman constant evaluation

Note: Minimum 10 experiments are to be conducted

Course OutcomesOn successful completion of this course studentdeiable to
« Experimentally verify the heat transfer conceptsiigd in theory.
< Evaluate Thermal conductivity of a given metal Rod composite wall.

« Determine the Heat transfer coefficient for Finydeal convection, Natural Convection, and parg
and counter flow heat exchanger.

e Test Emissivity, Stefan Boltzmann Constant andicziitHeat flux.
« Asses the performance of different heat transfaipegent.
« Develop the ability to write laboratory reports.

el

Conduct of Practical Examination:
1. Minimum of 10 experiments are to be conducted dntiC@xperiments are to be included for practi
examination.
2. Students are allowed to pick one experiment froendi
3. Strictly follow the instructions as printed on th@ver page of answer script for breakup of marks.
4. Change of experiment is allowed only once and 1586kl allotted to the procedure part to be m3
zero.

cal

ide

TEXT BOOKS:
1. Process Heat Transfer Kern D.Q. McGraw Hill.,, New York, 1965
2. Unit Operations of Chemical EngineeringMcCabe W.L., et.al.,'5edn., McGraw
Hill, New York, 2000.
Unit Operations of Chemical Engineering,Coulson J.M. and Richardson J.F., Vol
Pergamon & ELBS, McGraw Hill, New York, 2000

f &dn. Chemical Engg

REFERENCE BOOKS:
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1. Heat Transfer, Rao Y.V.C., ¥ edn., Universities Press (India) Ltd., New DeRQ1.
2. Heat Transfer: Principles and Applications, Dutta, Binay K., PHI Learning. 2000.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
POLLUTION CONTROL & INSTRUMENTAL ANALYSIS LAB
Course Code 18CHL58 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives Students will

1. Experimentally verify the principles and workinginstruments studied in theory.
2. Carry out experiment and make observations foouarparameters.

3. Study and use various analytical instruments faiyens of various parameters.
4. Evaluate the data and compare with reported lilegat

Sl. No. | Experiments

1 Analysis of effluents for pH, alkalinity and tudiiy

Determination of COD and BOD

Volatile, Fixed, Filterable and Dissolved solithyysis

Analysis by ion selective electrode (any two asjo

Measurement of SO2 in air

Analysis of exhaust by Orsat apparatus

Analysis of flue gases by Gas chromatograph

2
3
4
5 Measurement of particulate matter in Air
6
7
8
9

UV Spectrophotometer

10 KF Auto titrator

11 Flame photometer

12 Turbidometer

13 Dissolved Oxygen measurement

14 Bomb calorimeter

15 Viscometer

16 Polarograph

17 Potentiometer titration

Note: Minimum 10 experiments are to be conducted

Course OutcomesOn successful completion of this course studentdeiable to
« Experimentally verify the principles and workingingtruments studied in theory.
« Know the use of skills in handling various analgtimstruments.
» Study and use various analytical instruments fayesns of various parameters.
» Evaluate the data and compare with reported lilezat
* Apply theoretical knowledge of various Analyticaktruments.

* Acquire practical knowledge and able to handle yiwal instruments to determine pollutic
parameters and thereby in control of pollutantsdip environment and society.

n

Conduct of Practical Examination:
* Minimum of 10 experiments are to be conducted dhtl0experiments are to be included for practi
examination.
» Students are allowed to pick one experiment froenoh
» Strictly follow the instructions as printed on tt@ver page of answer script for breakup of marks.
» Change of experiment is allowed only once and 158&6kisl allotted to the procedure part to be m3
zero.

cal

ide

Graduate Attributes

1. Critical thinking

2. Usages of modern tools

3. Collaborative and multidisciplinary work
4. Lifelong learning

5. Independent and reflective learning

TEXT BOOKS:
1. Air Pollution Engineering Manual, Wayne T. Davis, John Wiley & Sons, Inc., 2000.

REFERENCE BOOKS:
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1. Practical Waste Treatment and Disposs, Dickinson, Applied Science publication, London.
2. Pollution control in Process industries Mahajan, TMH, New Delhi.




53

B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS)and Outcome BasEducation (OBE)
SEMESTER -V
Common to all programmes

ENVIRONMENTAL STUDIES

Course Code 18CIV59 CIE Marks 40
Teaching Hours / Week (L:T:P) (1:0:0) SEE Marks 60
Credits 01 Exam Hours 02
Module - 1

Ecosystems(Structure and Function): Forest, Desert, WetlaRigrine, Oceanic and Lake. 02 Hrs
Biodiversity: Types, Value; Hot-spots; Threats and Conservatibnbiodiversity, Forest Wealth, an
Deforestation.

d

Module - 2

Advances in Energy System: (Merits, Demerits, Global Status and Applicationdydrogen, Solar, OTEG
Tidal and Wind.

Natural Resource Managemen{Concept and case-studies): Disaster ManagemesiaiSable Mining, Cloug
Seeding, and Carbon Trading.

Module - 3

Environmental Pollution (Sources, Impacts, Corrective and Preventive measiRelevant Environment
Acts, Case-studiespurface and Ground Water Pollution; Noise pollutiBail Pollution and Air Pollution.
Waste Management & Public Health AspectsBio-medical Wastes; Solid waste; Hazardous wa&iesastes;
Industrial and Municipal Sludge.

Module - 4

Global Environmental Concerns (Concept, policies and case-studies):Ground wedemietion/recharging
Climate Change; Acid Rain; Ozone Depletion; Radaa Bluoride problem in drinking water; Resettlemand
rehabilitation of people, Environmental Toxicology.

Module - 5

Latest Developments in Environmental Pollution Mitgation Tools (Concept and Applications):G.I.S. &
Remote Sensing, Environment Impact Assessment, r@mental Management Systems, 1S0O14(
Environmental Stewardship- NGOs.

Field work: Visit to an Environmental Engineering LaboratoryGreen Building or Water Treatment Plant
Waste water treatment Plant; ought to be Followedruerstanding of process and its brief documiemtat

01;

or

Course outcomes At the end of the course, students will be able to

e CO1: Understand the principles of ecology and emvirental issues that apply to air, land, and wate
issues on a global scale,

» CO2: Develop critical thinking and/or observatidills, and apply them to the  analysis of a peab
or question related to the environment.

e CO3: Demonstrate ecology knowledge of a compleaticiship between biotic and a biotic
components.

e CO4: Apply their ecological knowledge to illustrated graph a problem and describe the realitids th
managers face when dealing with complex issues.

a

Question paper pattern:
* The Question paper will have 100 objective question
e Each question will be for 01 marks

» Student will have to answer all the questions iIOdMR Sheet.
e The Duration of Exam will be 2 hours.

SI. No. Title of the Book Name of the Name of the Publisher Edition and
Author/s Year
Textbook/s
1 Environmental Studies Benny Joseph | Tata Mc Graw — Hill. 2"Edition, 2012
2. Environmental Studies S M Prakash Pristine Publishing House3“Edition 2018
Mangalore
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3 Environmental Studies — | R Rajagopalan Oxford Publisher 2005
From Crisis to Cure

Reference Books

1 Principals of Environmental Raman Sivakumar Cengage learning, 2"Edition, 2005
Science and Engineering Singapur.

2 Environmental Science — G.Tyler Miller Jr. | Thomson Brooks /Cole, 11"Edition, 2006
working with the Earth

3 Text Book of Environmental | Pratiba Sing, Acme Learning Pvt. Ltd. | 1°Edition
and Ecology AnoopSingh& New Delhi.

PiyushMalaviya
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
CHEMICAL REACTION ENGINEERING-II
Course Code 18CH61 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:2:0 SEE Marks 60
Credits 4 Exam Hours 03

Course Learning Objectives The students will be able to
1. Understand and apply the principles of non-idleal in the design of reactor
2. Develop rate laws for heterogeneous reactions

Module-1

Basics of Non Ideal Flow Importance & interpretation of RTD, C, E & F cusv& Statistical interpretation.
Dispersion model. Tanks in series model. Conversioron-ideal flow reactors for simple systems.
08 Hr

Module-2.

Introduction to Heterogeneous System Rate equations, contacting patterns, fluid-particon catalytic
reactions, URC model, Spherical particles of ungiamsize, shrinking spherical particles, deterriomaof
rate controlling steps.

Fluid-Fluid Non Catalytic Reactions: Kinetic regimes for mass transfer and reactiot® eguations.

Module-3

Catalysis: Introduction to catalysis. Properties of catalydEstimation methods for catalytic properti
Promoters, inhibitors etc, Mechanism of catalyRiaste equations for different rate controlling step.
Deactivation: Deactivating catalyst. Mechanism, rate & perforoeaquation.

Module-4.

Solid Catalyzed Reactions Heterogeneous reactions- Introduction, Kinetgimes. Rate equation for
surface kinetics. Pore diffusion resistance combinih surface kinetics. Thiele modulus and enharese
factor, Porous catalyst particles. Heat effectsndureaction.

Module-5

Solid Catalyzed Reactions (Contd. Performance equations for reactors containingysoatalyst particles.

Experimental methods for finding rates. Packed daelytic reactor & reactors with suspended sddithlyst.
Fluidized reactors of various types.
Gas-Liquid Reactors: Trickle bed, slurry react@rphase fluidized bed.

Course OutcomesOn successful completion of this course studentdeiable to

» Apply theoretical knowledge to distinguish betweanious RTD curves and predict the conversion
from a non-ideal reactor using tracer information

» Explain the basics and kinetics of fluid-fluid noatalytic systems.

* Explain the basics and kinetics of fluid-Solid nzatalytic systems.

» Explain the basics and kinetics of heterogeneotadyti reactions and Catalytic deactivation.

* Analyze different steps in reaction mechanismsadia €atalytic surfaces and identify the factors
affecting rate.

» Explain design procedure of reactors for heterogeseatalytic reactions

QUESTION PAPER PATTERN:

»  The question paper will have ten questions.

e Each full Question consisting of 20 marks

»  There will be 2 full questions (with a maximum ofuf sub questions) from each module.

» Each full question will have sub questions covestighe topics under a module.

» The students will have to answer 5 full questi@edecting one full question from each module

TEXT BOOKS:
1. Chemical Reaction Engineering,Octave Levenspiel, 3edn, John Wiley & Song001.
2. Chemical Engineering Kinetics, J.M. Smith, 8'edn, McGraw Hill.
3. Elements of Chemical Reaction Engineering;l. Scott Foggler, "3edn, Prentice HalR001

REFERENCES:
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| 1. Chemical & Catalytic Reaction Engineeling, James J. Carberry, McGraw Hill, 1976

B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
MASS TRANSFER OPERATIONS-II
Course Code 18CH62 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:2:0 SEE Marks 60
Credits 4 Exam Hours 03

Course Learning Objectives The students will be able to
1. Be able to understand different separation tectasiqu
2. Be able to design distillation column, absorber ealdulations involved in liquid extraction.
Module-1
Gas Liquid Contacting Systems: Types, construction and working of plate apédcked columns,
types and properties of industrial packing's, e@lfficiencies, HETP and HTU concepts.
Absorption: Absorption. Solvent selection for absorption. Meatebalance and concept of driving force
and minimum solvent rates. Multistage absorptioturoms. Design of Plate columns. Absorption and
desorption factors.
Module-2.
Packed Tower Abscrption: Liquid phase hold up and pressure drop in abswrptowers. Design of
packed towers (process design-height and diametdlti-component absorption. Absorption with
chemical reaction.
Distillation: Introduction. Vapour liquid equilibria (T-x,y, Py, H-x,y and x-y diagrams for binar
mixtures). Relative volatility. Prediction of VLEom vapour pressure data using Raoult’s law. \fbE
multi-component systems. Non-ideal systems. Az@eso Immiscible systems. Atmospheric distillatipn
Flash and simple distillation.
Module-3
Distillation (Contd.):.Multi-stage rectification column. Design using Malie Thiele and Lewis-Sor
methods for binary mixtures.
Distillation (Contd.): Ponchon-Savarit method. Introduction to Multicomgendistillation, Vacuum,
molecular, extractive and azeotropic distillations
Module-4.
Liquid-Liquid Extraction: Ternary equilibrium. Solvent selection. Singlage. Multi-stage cross-curren
counter-current extraction. Equipment for liquigdid extraction.
Module-5
L eaching Operation: Equipment for leaching. Preparation of solids feadhing. Equilibrium diagrams.
Calculation of single stage and multi-stage leagloiperation.
Course OutcomesOn successful completion of this course studentdeiable to
» Comprehend the gas — liquid operation and applktiosvledge of gas-liquid operations in distillation
and absorption.
e Study the absorption process and apply to a widetyaof process such as recovery of vapors from
dilute mixture with gases, solute recovery.
* Apply the knowledge of distillation in separatiohliquid mixtures.
» Evaluate the number of plates required in disidlaby McCabe and Thiele method and Ponchon and
Savarit method.
» Solve problems associated with leaching and exbraciperations.
» Differentiate various separation technigues.
QUESTION PAPER PATTERN:
»  The question paper will have ten questions.
e Each full Question consisting of 20 marks
»  There will be 2 full questions (with a maximum ofuf sub questions) from each module.
»  Each full question will have sub questions covestighe topics under a module.

112

—t
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» The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:

1.Mass Transfer Operations -Robert E Treybal,r% edn, McGraw Hill, 1981.

2.Unit Operations in Chemical Engineering- McCabe & Smith, 8edn McGraw
Hill, 2001.

REFERENCES BOOKS:

1.Chemical Engineering Vol I, I, IV and V - Coulson and Richardson," &dn, Pergamon Pres
1998.

2. Introduction to Chemical Engineering -Badger & Banchero, TMH"6Reprint 1998

[2]

3. Principles of Unit Operation - Foustet.al., 2" edn, John Wiley, 1994
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
MASS TRANSFER OPERATIONS-II
Course Code 18CH62 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:2:0 SEE Marks 60
Credits 4 Exam Hours 03

Course Learning Objectives The students will be able to
3. Be able to understand different separation tectasiqu
4. Be able to design distillation column, absorber ealdulations involved in liquid extraction.

Module-1

Gas Liquid Contacting Systems: Types, construction and working of plate apédcked columns
types and properties of industrial packing's, @lfficiencies, HETP and HTU concepts.

Absorption: Absorption. Solvent selection for absorption. Matebalance and concept of driving for
and minimum solvent rates. Multistage absorptioturoms. Design of Plate columns. Absorption and
desorption factors.

e

Module-2.

Packed Tower Abscrption: Liquid phase hold up and pressure drop in abmwrptowers. Design o
packed towers (process design-height and diameteiglti-component absorption. Absorption wi
chemical reaction.

Distillation: Introduction. Vapour liquid equilibria (T-x,y, P¥, H-x,y and x-y diagrams for binaf
mixtures). Relative volatility. Prediction of VLEom vapour pressure data using Raoult's law. \fbE
multi-component systems. Non-ideal systems. Az@eo Immiscible systems. Atmospheric distillati
Flash and simple distillation.

th

Module-3

Distillation (Contd.):.Multi-stage rectification column. Design using Mai& Thiele and Lewis-Sor
methods for binary mixtures.

Distillation (Contd.): Ponchon-Savarit method. Introduction to Multicompondistillation, Vacuum,
molecular, extractive and azeotropic distillations.

Module-4.

Liquid-Liquid Extraction: Ternary equilibrium. Solvent selection. Singlage. Multi-stage cross-curren
counter-current extraction. Equipment for liquiglid extraction.

—t

Module-5

L eaching Operation: Equipment for leaching. Preparation of solids feadhing. Equilibrium diagrams.
Calculation of single stage and multi-stage leagloiperation.

Course OutcomesOn successful completion of this course studentdbeiable to

» Comprehend the gas — liquid operation and applkmtiosviedge of gas-liquid operations in distillati
and absorption.

» Study the absorption process and apply to a widetyaof process such as recovery of vapors fron
dilute mixture with gases, solute recovery.

» Apply the knowledge of distillation in separatiohliquid mixtures.

» Evaluate the number of plates required in distdlaby McCabe and Thiele method and Ponchon &
Savarit method.

» Solve problems associated with leaching and exbraciperations.

» Differentiate various separation techniques.

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

»  Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum olif sub questions) from each module.

»  Each full question will have sub questions coveatighe topics under a module.

»  The students will have to answer 5 full questi@edecting one full question from each module.

TEXT BOOKS:
1. Mass Transfer Operations Robert E Treybal, '8 edn, McGraw Hill, 1981.
2.Unit Operations in Chemical Engineering- McCabe & Smith, 8edn McGraw

N

and

Hill, 2001.
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REFERENCES BOOKS:
1.Chemical Engineering Vol I, I, IV and V - Coulson and Richardson," &dn, Pergamon Pres

1998.
2. Introduction to Chemical Engineering -Badger & Banchero, TMH"6Reprint 1998
3. Principles of Unit Operation -Foustet.al., 2%edn, John Wiley, 1994.

[2]
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
PROCESS EQUIPMENT DESIGN AND DRAWING
Subject Code 18CH63 CIE Marks 40
Hours /Week 3:2:0 SEE Marks 60
Credits 04 Exam Hours 04

Course Objectives:
The students will be able to

1. Understand advances and types in the design of dmdtmass transfer equipment and|i
accessories.

2. Develop modifications based on design.

Detailed chemical engineering process design of fallewing equipment should be studied.

Standard code books are to be used. The detaitgabpionate drawings shall include sectiopal

front view, full top/side view depending on equigthand major components.

1. Class work: Students are to design the equipment. They s h ab la¢ trained to draw free
hand proportionate sketches.

2. Final Examination: Students have to answer any one of the two questjosen in the

examination. After completing the design, free hpraportionate sketches are to be drawn as

required.
Content
1. Shell and Tube Heat exchanger
2. Condenser — Horizontal
3. Condenser — Vertical
4. Evaporator — Single effect
5. Sieve Tray Distillation Column
6. Packed Bed Absorption Column
7. Rotary Drier

Course Outcames: On successful completion of this course studentdeiable to

» Design (both process & mechanical) shell & tubet b@ahanger and draw proportionate
sketches.

* Design (both process & mechanical) horizontal &ieaf condensers and draw
proportionate sketches.

» Design and draw single effect evaporator for gisgstem and able to draw sectional views.

» Design sieve tray distillation column and to drdketshes.

» Design packed bed absorber and draw sketches.

» Design rotary dryer and draw sectional views ansblge any heat and mass transfer
equipment designs.

QUESTION PAPER PATTERN:
* The question paper will have two questions.
» Each full Question consisting of 100 marks. Stuslératve to answer any one full question.

* Use of Chemical Engineers HandbookPerry & Green, Is Code book: 2825, 4503 fare

permitted in the Examination and Internal test.

TEXT BOOKS:

1. Process Equipment DesignM. V. Joshi, 8 edn., Macmillan & Co. India, Delhi,
1998.

2. Process Equipment Design — Vessel Desidrownell & Young, John Wiley, 1959.

3. Process Design of Equipment— Vol 1S. D. Dawande,®edn, Central Techno
Publications. 2003.

REFERENCE BOOKS:

1. Chemical Engineers HandbookPerry & Green, B edn, McGraw Hill, 1997.
2. Pressure Vessel Code — IS 2825, 4508,Code, B.I.S., New Delhi, 1969.

3. Flow of Fluids through Valves, Fittings & Pipes Crane Amazon, 2006.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
OILS AND FATS TECHNOLOGY
Course Code 18CH641 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 3 Exam Hours 03

Course Learning Objectives The students will be able to

1.Understand Structure of fats and oils, Sourcdschassification of fats and oils, Chemical and gbal
characteristics

2. Know its importance in industry and nutrition.

3. Process of fats and oils, Pre-extraction opamatiextraction/processing, filtering and refini@uality and

nutritive values of processed products.

Module-1

Intr oduction: Classification of fats and oil. Characteristic afso Utilization of fat and oils. Compositio
of oils (general).

Obtaining Oils and Fats from Source Materials: Mechanical pretreatment. Mechanical expressiolvefd
extraction (two types of extractors).

Module-2.

Praocess Techniques: Refining and hydrogenation @Horoduction and catalyst).
Process Techniques (contd. Degumming. Alkali refining and bleaching.

Module-3

Deodorization: Theoretical consideration and operation of comnaédodorizer.
Vegetable Oils: Composition. Extraction. Refining processes asgbswf coconut oil, cottonseed oil.

Module-4.

Vegetable Oils: Composition. Extraction. Refining processes aswbLof coconut oil, cottonseed oil.
Vegetable Oils:Refining processes and uses of palm oil, Soya lbdapeanut oil, sunflower oil.

Module-5

Marine Oils: Composition. Extraction. Refining processes and o$éish oils.

Course OutcomesOn successful completion of this course studentdeiable to
* Work on isolation and purification of fats and oils
» Develop new skills in fat and oil products devel@mn
» Experiment on physical and chemical changes oecwymi fat and oil products
* Know its importance in industry and nutrition.
* Process of fats and oils, Pre-extraction operatiexisaction/processing, filtering and refining.
* Quality and nutritive values of processed products.

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

*  Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum olif sub questions) from each module.

»  Each full question will have sub questions coveafighe topics under a module.

» The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:
1. Bailey’s Industrial Oil and Fat Products — Vol | to V, Y .H. Hery John Wiley Internationa?™ edn,
1976.

REFERENCES BOOKS:
1. Chemistry and Technology of Oil and FatsPevine J and Williams P.N, 1961.
2. Chemical process Industries,Austin G. T., Shreve's "5 edn, McGraw-Hill international Book
Company, Singapore, 1984
3. Outlines of Chemical TechnologyDryden C. E., Edited by Gopala Rao. M and M. Sit#§ edn,
Affiliated East West Press, 1993.
4. Hand Book of Industrial Chemistry, Kent J.A (Ed) Riegel's Van Nostrand Reinholf74

>
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
PETROLEUM REFINERY ENGINEERING
Course Code 18CH642 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 3 Exam Hours 03

Course Learning Objectives:

1.Understand history, classification of petroleunndes.

2.Understand the extraction and production of od gas to meet energy needs, as well as refinicguale oil
for a wide spectrum of useful products such aswophmicals, Chemicals, Plastics.

Module-1

Indian Petroleum Industry: Prospects & Future. Major companies. World puoticun, Markets, Offshore

and onshore, Oil well technology.
Composition of Crude: Classification. Evaluation of petroleum. UOP-k factTBP analysis. EFV analysi
Average boiling point. ASTM curves. Thermal projestof petroleum fractions.

Product Properties and Test Methods: Gas. Various types of gas and LPG. Reid vapor press
analysis. Gasoline and naptha. Octane No. Oxidastability. Additives for gasoline. Kerosene.

Characterization for flash point or fire point, atlity, burning qualities etc, Diesel, octane igt viscosity
etc. Grades of diesels e.g. HSD, LDO. Diesel adsiti Lube oils: Types, tests-carbon residue antbsity
index.

174

w

Module-2.

Crude Pretreatment: Pumping of crude oils. Dehydration of crude by rolwl, gravity, centrifugal
electrical de-salter and comparison of each. Hgatihcrude- heater, different types of pipe didlaterg
including box type, cylindrical etc. Crude distilan, arrangement of towers for various types dfure
Design aspects for atmospheric and vacuum colunmogpheric distillation distillation unit: interrsaand
operational.

Module-3

Treatment Techniques: Types of impurities present and various desulftiosa processes. Productig
and treatment of LPG. LNG technology. Sweeteningrations for gases including merox, ethanolam
copper chloride, stertford etc. Catalytic de sutpbation. Treatment of kerosene, De-aromatisatiod
merox. Treatment of diesel, naptha: desulpuosaby hydrogen and catalysts. Treatment of lubgghsiric
acid, clay treatment, solvent treatment- phenofufal.

n
ine,
a

Module-4.

Thermal Processes: Thermal cracking reactions- theory of thermal ciagk Properties of cracke
materials and factors influencing the propertiecratked materials. Vis breaking, dubbs two caitkmg
process.

Catalytic Reforming: Theory of reforming. Factors influencing reformingforming catalysts, feedsto
requirements. Plat-forming, hondi forming, flexriung etc.

Module-5

Catalytic Cracking: Comparison of thermal and catalytic cracking. Caitam ion chemistry. Feedbac

requirements. Cracking conditions. Commercial dragkanalysis. Various catalytic cracking proces:
Fixed bed crackers. Moving bed crackers. Fluid Igatacracking-flexi cracking-ortho-flow reactor.h€ory
of coking: various types of coking processes. Dedagoking, fluid coking, contact coking, flexi calgi
Naptha cracking, naptha cracking for ethylene a&sl feelection and gas yield. Hydro cracking. Theaufry
hydro cracking. Catalysts for hydro cracking.

k
5€S.

Course OutcomesOn successful completion of this course studentdbeiable to
» Get insight scenario, prospects and classificaifguetroleum crudes.
» Explain the refining of crude oil for the produgctiof wide spectrum of useful products
» Classify the various treatment techniques emplaygebtroleum refining
» Discuss various cracking and reforming methods eygal in petroleum refining.
» Discuss catalytic cracking methods employed ingtetim refining.
» Identify suitable refining technology for maximigitthe product yield.

QUESTION PAPER PATTERN:
»  The question paper will have ten questions.
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Each full Question consisting of 20 marks

There will be 2 full questions (with a maximum olf sub questions) from each module.
Each full question will have sub questions coveafighe topics under a module.

The students will have to answer 5 full questi@edecting one full question from each module.

TEXT BOOKS:
1. Petroleum Refinery Engineering Nelson, 4 edn McGraw Hill, 14 Reprint, 1982.

2. Modern Petroleum Refining Processes,Bhaskara Rao, Bedn, Oxford & IBH Publication

Reprint, 1999.

REFERENCES BOOKS:

1.Petroleum Refining TechnologyRam Prasad,*ledn, Khanna Publishers, 2000
2.Challenges in Crude Oil EvaluationNagnal J.M., Gate, McGraw Hill, 1996.

3. Petroleum ProcessingBland W.F. and Davidson R.L. McGraw Hill, 1967.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
CHEMICAL PLANT UTILITIES AND SAFETY
Course Code 18CH643 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 4 Exam Hours 03

Course Learning Objectives The students will be able to
1. Understand various utilities required for a prodessistry
2. Analyze the safety factors in a typical process.uni
3. Be able to select different safety devices required

Module-1

Introduction: Different utilities. Role of utilities in procesdgmt operations and criteria for selection and

estimation of suitable utilities.

Water: Water resources. Process water, Cooling waterkidignwvater and boiler feed water Quality
Standards. Water treatment processes for drinkiregiess and boiler feed. Storage and handling tdrwa
Types and selection of pumps, piping and accessofNater pretreatment.

Module-2.

Air: Compressed air, blower air, fan air. Types of caapor and vacuum pumps and selection. Power

requirements, performance and related calculatiBogster and receivers. Quality of compressed @ir

f

instruments and processes. Compressed air digtribgtystem- piping and accessories. Air-water vapor

system: humidification/ dehumidification and eveagtre cooling-related calculations. Insulationsufation
Materials & Selection- Economics of insulation.uteding factors. Properties & Classification.

Module-3

Steam and Power.Steam generation in chemical plants. Types of ldad waste heat boilers. Fuels-typg
emissions and global warming, green fuels. Catovifilue. Proximate and ultimate analysis. HHV, Lehd
related calculations. Cogeneration power plantsP€ahd Boiler performance. Related calculationen&my
of steam generation with different fuels, relatattuolation. Steam storage and handling-piping and
accessories. Boiler performance. Economy of sigameration with different fuels, related calculati§team
storage and handling-piping and accessories.

Module-4.

Refrigeration: Different refrigeration systems and their charasties. Air-conditioning systems. Coefficien
of performance. Power requirements and refrigemaditect- related calculations for each type ofigefration
system. Refrigerant properties and selection. Smomamonly used refrigerants and secondary refrigeran
Cold insulation and cryogenic insulation

Module-5

Process Safet: Intrinsic & Extrinsic Safety. The Hazards- Toxici Flammability, Fire, Explosions. Sourc
of ignition, Pressure. Hazard and risk assessmetitads. MSDS.

Safety DevicesPressure relief valves. Rupture discs. Blow dovaiesys. Flare systems. Flame arrestors.
Deflagration arrestors and explosion suppressiersdhal safety devices. Process Safety Analysig/AbA
and HAZOP comparison. Risk analysis and estimaBafiety check list. Computer based quantitativie ris
analysis.

Course Outcomes On successful completion of this course studentdeiable to

e Summarize various utilities used in process indestr

« Examine the processes for proper usage of utilities

e Calculate performance of different types of boiler.

« Select commonly used refrigerants for cold and geydc applications.

« Examine process safety and risk analysis.

« Explain role of utilities in process plant operatiariteria for selection, estimation of suitabtéities
and safety aspects in a chemical industry.

t

S

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum otf sub questions) from each module.

«  Each full question will have sub questions coveafighe topics under a module.

*  The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:
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1.Thermal Engineering, B.K. Sarkar, Tata Mc Graw, 8" Reprint, 199¢
2.Water and Waste water engineering- Vol 2, Gofddrair, John C. Geyer and Daniel A Okun, Jhon
Hutey, 1996.

REFERENCES BOOKS:
1. Chemical Engineers Handbook, Pert{) ggin, 2007.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
PROCESS WASTE WATER MANAGEMENT
Course Code 18CH651 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 3 Exam Hours 03

Course Learning Oljectives: The students will be able to

1.Understand the mechanisms and processes usedttavaters that have been contaminated in some
way by anthropogenic, industrial or commeraigtivities prior to its release into the environinen
its re-use

2.Understand various terms used in industrial weetier treatment and to acquaint with different step
involved in treatment of industrial wastewater.

Module-1

Effects of Industrial Wastes on sewerage systedhsmwage treatment plants and receiving water 5o
Effects of waste additions on physical and chenpoaperties of soil.

Effluent standards and receiving water quality déads. Different aspects and choices of varioupodial
alternatives.

die

Module-2.

Industrial Wastes survey-Process flow charts, d¢mmdiof waste stream. Material balance, Samplin@rab,
Composite and integrated samples. Continuous nrovgte pH, Conductivity, Bio monitoring.

Module-3

Pretreatment of Industrial Wastewater — Volume céidn, Strength reduction, Neutralization, Equal@aand
Proportion, Removal of Organic and inorganic digsdlsolids. Wastewater Treatment in specific iniest
Distillery, Sugar, Pulp and paper, Cement, Texblairy, Fertilizer, Pesticides, Pharmaceutical.

Module-4.

Design of complete treatment systems & disposaihidustries: Distillery, diary, textile, paper apdip mill to
meet P.C.B. norms. Radioactive wastes treatmenty activity and high activity radiation, applicatiaf
radioactive techniques for wastewater treatmemtR&Eimediation of contaminated soils.

Module-5

Environmental Auditing: Cost of Pollution, Enviroemtal audit solutions, Financial and Managerial
opportunities. Criminal and Regulatory liabilities.

Course Outcomes On successful completion of this course studentdwiable to
» Explain the importance of process waste water mamagt and effects of Industrial wastes on
receiving water bodies and soil.
« Discuss material balance, sampling and bio momigpof industrial waste water.
* Formulate pretreatment methods of Industrial waatew
* Outline environmental auditing and regulatory lidieis.
» Explain environmental concern to be adopted atgssabnal practice.

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofuf sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module..

TEXT BOOKS:

1. Liquid Waste of industry theories, Practices and Teatment, Nemerow N.N., Addison, Wiley New York
2. Industrial Wastewater Management Hand BookAzad N. S., McGraw Hill book Co., New York

3. Industrial Waste Disposal Ross R.D. Reinhold Environmental Series — NewkYor

REFERENCES BOOKS:

1.Practical Waste Treatment and DisposalDickinson, Applied Science publication, London.

2.Pollution control in Process industriesMahajan S P, TMH, New Delhi.

3.Industrial Water pollution Control, Eckenfelder, - McGraw hill Company, New Delhi Areain Chemica

Society, Washington D.C. USA.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
PROCESS AIR POLLUTION & CONTROL
Course Code 18CH652 CIE Marks 40
Teaching Hours/Week (L:T:P) 03 SEE Marks 60
Credits 3 Exam Hours 03

Course Learning Objectives The students will be able to
1.Understand knowledge on the principles and desfigiontrol of indoor/ particulate / gaseous air
pollutant and its emerging trends.

Module-1

INTRODUCTION : Structure and composition of Atmosphere — HistofyAir pollution and episodes
Causes of air pollution and types, Introductionnteteorology toxicology and transport of air polbu;
Sources and classification of air pollutants - Effeof air pollutants on human health, vegetatioar8mals,
Materials & Structures — Effects of air Pollutantsthe atmosphere, Soil & Water bodies — Long- teffects
on the planet — Global Climate Change, Ozone Heldésnbient Air Quality and Emission Standards —

Pollution Indices — Emission Inventories.

Module-2.

AIR POLLUTION MONITORING AND MODELING: Physicochemical processes governing the sp)
of pollutants from point, non-point, line, and amurces; Generation, transport and decay of dlutpots;
Mathematical Modeling of dynamics of pollutants, Bient and Stack Sampling and Analysis of Partieu
and Gaseous Pollutants - Effects of meteorologyAonPollution - Fundamentals, Atmospheric stabili
Inversion, Wind profiles and stack plume patterfisansport & Dispersion of Air Pollutants - Modelir
Techniques — Air Sampling and monitoring methods.

Module-3

CONTROL OF PARTICULAT E CONTAMINANTS: Factors affecting Selection of Control Equipmer
Gas Particle Interaction, Working principle, Designd performance equations of Gravity Separat
cyclones, Fabric filters, Particulate ScrubbersgcEbstatic Precipitators - Operational Considereti -
Process Control and Monitoring - Costing of APCipment - Case studies for stationary and mobilecssu.

Module-4.

CONTROL OF GASEOUS CONTAMINANTS: Control Equipment, Factors affecting SelectiorControl
Equipment - Working principle, Design operationd grerformance of absorption, Adsorption, condensa
Incineration, Bio scrubbers, Bio filters - Procesmtrol and Monitoring - Operational Consideration
Costing of APC Equipment - Case studies for statipmnd mobile sources.

read
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Module-5

AUTOMOBILE AND NOISE POLLUTION: Vehicular Pollution: Automobile emission - Types$
emissions - Exhaust emissions, evaporative emissiorank-case emissions- Prevention and contrg
vehicular pollution. Noise Pollution: Sources anffeEts of Noise Pollution - Measurement - Standai(
Control and Preventive measures. Sources typesa@mtdol of indoor air pollutants, sick building sirome
types - Radon Pollution and its control. Air pditut legislation and regulations. Case studies déwa
industrial pollution control systems.

— O
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Course Outcomes On successful completion of this course studentdwiable to
* Explain the fundamentals of Atmospheric pollutiow @iscuss the effects of Process Air Pollution,
« Discuss Air pollution monitoring and Mathematicabaeling of dynamics of pollutants.
» Suggest measures and methods for control of pkat&cand gaseous contaminants.
« Determine noise levels and suggest suitable pmafdiccontrol of Noise pollution.
» Discuss vehicular pollution and its control.
» Explain environmental and social concerns to bgsebat professional practice.

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.
e Each full question will have sub questions covealfighe topics under a module.

e The students will have to answer 5 full questi@adecting one full question from each module.
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TEXT BOOKS:

1. Air Pollution Control Engineering, Lawrence K. Wang, Norman C. Parelra, Yung Tse Hiiogyo,
2004.

2. Air Pollution Control Engg, Noel de Nevers, Mc.Graw Hill, New York, 1995.

3. Air Pollution, David H.F. Liu, Bela G. Liptak, Lewis Publishe2§00.

REFERENCES BOOKS:

1. Air Pollution & Control Technologies, Anjaneyulu. Y, Allied Publishers (P) Ltd. Indis@2.
2.Air Pollution (Vol.I = Vol.VIII), Arthur C.Stern, Academic Pres2006

3. Air Pollution Engineering Manual, Wayne T. Davis, John Wiley & Sons, Inc., 2000.

4. Fundamentals of Air Pollution, Daniel Vallero, Fourth Edition, 2008.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
SOLID WASTE MANAGEMENT IN PROCESS INDUSTRIES
Course Code 18CH653 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 3 Exam Hours 03

Course Learning Objectives: The students will be able to

1. Understand solid waste management from an emmeatal public health perspective.

2.ldentify and discuss the public health, regulatptanning, technical, and economic principleg tha
influence the solid waste management system.

Module-1

Intr oduction: Definition, characteristics and perspectives ofdselaste. Types of solid waste. Physical &
chemical characteristics. Variation of compositiand characteristics. Municipal, industrial, spe@ad
hazardous wastes.

General Aspects: Overview of material flow in society. Reduction maw material usage. Reduction
solid waste generation. Reuse and material reco@egeral effects on health and environment. Latigsis.

and
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Module-2.

Engineered Systems: Typical generation rates. Estimation and factorfectihg generation rates. C
site handling. Storage and processing. Collectimtesns and devices. Transfer and transport.

Module-3

Processing Techniques: Mechanical volume reduction. Thermal volume reductComponenseparation.
Land filling and land forming. Deep well injection.

Module-4.

Material Recovery: Mechanical size alteration. Electromagnetic separatDrying and dewatering. Oth¢
material recovery systems. Recovery of biologicahversion products. Recovery of thermal convers
products.

Energy Recovery:Energy recovery systems and efficiency factorseBeination of output and efficiency.
Details of energy recovery systems. Combustionngreition and heat recovery. Gasification and
pyrolysis. Refuse derived fuels (RDF).

by
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Module-5

Hazardous Wastes: Classification. Origin and reduction at source. |€dlon and handling. Manageme
issues and planning methods. Environmental Acts.

Case Studies:Major industries and management methods used icalyjindustries — Coal fired powe

stations, textile industry, oil refinery, distiliersugar industry, and radioactive waste generamots.

nY
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Course Outcomes On successful completion of this course studentdeiable to
« Identify and discuss the public health, regulatpignning, technical, and economic principles that
influence the solid waste management system
e Select appropriate engineered methods for handiitgction and transportation of solid waste.
e Explain various processing techniques employealid svaste management
« Assess various material and energy recovery methogdoyed in solid waste management
< Identify and discuss the different hazardous wdsaeslling associated with solid waste
« Justify solid waste management from an environngptdlic health perspective

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum obf sub questions) from each module.

«  Each full question will have sub questions coveafighe topics under a module.

*  The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:

1.Integrated Solid Waste Management(George Tchobanoglous al., 2 edn, McGraw Hill & Co,
1993.

2.Industrial Solid Waste Management and Land Fillig Practice, Dutta et al., Narosa
Publishing House, 1999.

REFERENCES BOOKS:
1. Waste Treatment PlantsSastry C.A.et al, Narosa Publishing House, 1995.

2. Hazardous Waste Management.agrega, McGraw Hill, 1994.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
CHEMICAL REACTION ENGINEERING LAB
Course Code 18CHL66 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives Students will
1. Experimentally verify the principles and workingrefictors studied in theory.
2. Carry out experiment and make observations foiouarparameters.
3. Study and use various reactors for determiningaatstant and conversion.
4. Evaluate the data and compare with reported litlegat

Sl. No. | Experiments

Batch Reactor

=

Isothermal plug flow reactor

Mixed flow reactor

Semi batch reactor

Segregated flow reactor

Adiabatic Reactor

Packed bed Reactor

2
3
4
5 Heterogeneous catalytic Reactor
6
7
8
9

RTD Studies in Tubular Reactor

10 Effect of temperature on Rate of reaction

11 Bio Chemical Reaction (Batch)

12 Enzyme catalyzed reactions in batch reactor

13 RTD Studies in mixed flow reactor

14 CSTR in series

15 Catalyst Properties

Note: Minimum 10 experiments are to be conducted

Course OutcomesOn successful completion of this course studentdeiable to
« Experimentally verify the principles and workingrefactors studied in theory.
e Carry out experiment and make observations foouarparameters.
e Study and use various reactors for determininggatstant and conversion.
« Evaluate the data and compare with reported litegat
» Apply theoretical knowledge of various types ofateas.
» Apply the use of skills in handling various reastor

Conduct of Practical Examination:

1. All laboratory experiments are to be includeddiactical examination.

2. Breakup of marks and the instructions printedh@ncover page of answer script to be strictlyeselth by
the examiners.

3. Students can pick one experiment from the questiot prepared by the examiners.

4. Change of experiment is allowed only once arti Marks allotted to the procedure part to be manie.a

TEXT BOOKS:

1. Chemical Reaction Engineering,Octave Levenspiel,“ﬁedn, John Wiley & Song001.
2. Chemical Engineering Kinetics, J.M. Smith, % edn, McGraw Hill.

3. Elements of Chemical Reaction Engineeringd. Scott Foggler, 3edn, Prentice HalR001.

REFERENCE BOOKS:
1. Chemical & Catalytic Reaction Engineering James J. Carberry, McGraw Hill, 1976.
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B. E. CHEMICAL ENGINEERING

Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI
MASS TRANSFER OPERATIONS LAB
Course Code 18CHL67 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives Students will
5. Experimentally verify the mass transfer concepisglisd in theory.

6. Carry out experiment and make observations foilouarmass transfer equipment.

7. Study the effect of mass transfer coefficientsarigh of equipment.
8. Evaluate the performance characteristic for difieraass transfer cases.

Sl. No. | Experiments

=

Diffusion of organic vapours in air

Simple Distillation

Packed column/ plate column distillation

Steam distillation

Surface evaporation

Tray dryer

Adsorption studies

2
3
4
5 Solid — liquid leaching
6
7
8
9

Liquid-liquid/Vapour —liquid equilibrium

10 Liquid extraction — (cross current: 1 and 2 ct&ye)

11 Hold up studies in packed columns

12 Rotary/ vacuum dryers

13 Wetted wall column

14 Cooling tower

15 Solid dissolution

16 Gel-electrophoresis

Note: Minimum 10 experiments are to be conducted

Course OutcomesOn successful completion of this course studentdeiable to
» Experimentally verify the mass transfer concepisisd in theory.
» Conduct experiment and make observations for massfer equipment.
« Discuss the effect of mass transfer coefficientdasign of equipment.
« Explain the handling of Mass transfer operations.
« Apply theoretical knowledge of mass transfer equptn
« Acquire practical knowledge of mass Transfer Equpin

Conduct of Practical Examination:

5. Minimum of 10 experiments are to be conducted dhtil0@xperiments are to be included for practi

examination.
Students are allowed to pick one experiment froenaoh

6.
7. Strictly follow the instructions as printed on tt@ver page of answer script for breakup of marks.
8

cal

Change of experiment is allowed only once and 15&fkis! allotted to the procedure part to be made
Zero.

TEXT BOOKS:

1. Mass Transfer Operations Robert E Treybal,r% edn, McGraw Hill, 1981.

2. Unit Operations in Chemical Engineering- McCabe & Smith, B edn, McGraw Hill,2001.

REFERENCE BOOKS:

1. Chemical Engineering Vol I, II, IV and V - Coulson and Richardson," &édn, Pergamon Press,

1998.

2. Transport Processes and Unit Operation &eankoplis C J, Prentice Hall (1), 2000.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VI

MINI-PROJECT
Course Code 18CHMP68 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:0:2 SEE Marks 60
Credits 02 Exam Hours 03

Mini-project work:

Based on the ability/abilities of the student/s aadommendations of the mentor, a single discipbne
multidisciplinary Mini- project can be assignedao individual student or to a group having not niban 4
students.

i) Single discipline: The CIE marks shall be awarded by a committeeistimg of the Head of the concern
Department and two senior faculty members of theatienent, one of whom shall be the Guide.

The CIE marks awarded for the Mini-project workaklibe based on the evaluation of project repajegt
presentation skill and question and answer sessidhe ratio 50:25:25.The marks awarded for thggatg
report shall be the same for all the batch mates.

(ii) Interdisciplinary: Continuous Internal Evaluation shall be group widethe college level with th
participation of all the guides of the college.

The CIE marks awarded for the Mini-project, shadl based on the evaluation of project report, pta
presentation skill and question and answer sesaidhe ratio 50:25:25.The marks awarded for thggota
report shall be the same for all the batch mates.

D

ed

jec

SEE for Mini-project:

(i) Single discipline: Contribution to the Mini-project and the performeanof each group member shall
assessed individually in the semester end exaram@BEE) conducted at the department.

(i) Interdisciplinary: Contribution to the Mini-project and the performanof each group member shall
assessed individually in semester end examina8&t) conducted separately at the departments tchvithe
student/s belongs to.

be

be

B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER - VI

INTERNSHIP

Course Code CIE Marks

Teaching Hours/Week (L:T:P) SEE Marks

Credits Exam Hours

Internship: All the students admitted to 1l year of BE/B.Teslmall have to undergo mandatory internship
weeks during the vacation of VI and VII semesterd for VIl and VIII semesters. A University examiioa
shall be conducted during VIII semester and thegiked credit shall be included in VIII semestaternship
shall be considered as a head of passing andlshalbnsidered for the award of degree. Those, vehood
take-up/complete the internship shall be declaaicahd shall have to complete during subsequentddsity
examination after satisfying the internship requieats.
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Vil- SEMESTER

B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
PROCESS CONTROL AND INSTRUMENTATION
Course Code 18CH72 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives To gain the knowledge of different process inseuats, To understan
dynamic modeling of a physical process using prgtciples, To design various control schemes, gjya
the control system in various processes.

Module-1

Instrumentation: Fundamentals Static and dynamic characteristicdicators and recorders. Press
measurement- Bourdon, diaphragm and bellow typeegagvacuum measurements. Tempera
measurement- Bimetal and resistance thermomehersnocouples and pyrometers.

Ure
ture

Module-2.

First Order Systems Thermometer, level, mixing tank, STR, Linearieati | order systems in serigs.

Response for various input forcing functiolgecond Order SystemsCharacteristics of manometer and

damped vibrator. Transfer functions. Response &oious input forcing functions, response for stgpui for
under damped case — Terms associated with it. poatagion lag.

Module-3

Closed Loop Syster: Basic components. Servo and regulator controht©bers — P, I, D and OnGi#f m(

combinations - Final control elements - Valves,uatirs and valve positioner€losed Loop Response}

Closed loop transfer function, Transient resporisen/o and regulator control systems with variooistroller
characteristics.

Module-4.

Stability: Stability of linear control systems. Routh Tesedtrency Response — Bode diagrams.

Module-5

Control System Design By Frequency ResponsBode criterion. Gain and Phase margins, Ziegleichds
controller tuning, Cohen-Coon controller tunifpot Locus: Rules for plotting and problems.

Course Outcomes On successful completion of this course studentdwiable to
« Comprehend basic techniques, devices for temperand pressure measurements and characteri
of measuring devices.
« Discuss fundamental laws and apply to summarisavietr of thermometer and manometers.
» Comprehend servo, regulatory control systems arad ¢ontrol elements.
* Arrange basic control components and summariseeprdsent in block diagram.
» Determine stability of system by Routh Hurwitz &aot Locus techniques.
» Comprehend basics of controller tuning.

stics

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

*  Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum obf sub questions) from each module.

»  Each full question will have sub questions coveafighe topics under a module.

* The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS:
1. Process System Analysis and Controoughner & Koppel,® edn, McGraw Hill, NewDelhi, 1991.

REFERENCES BOOKS:

1. Process Modeling, Simulation & Control for Chemical Engineers, Luyben, 29 edn, McGraw Hill,
1990.

2. Chemical Engineering Vol. IlI, 11l Edition, Coulson & Richardson, Pergamon Press,1998.

3. Chemical Process ControlAn Introduction to Theory & Practical, George Stapbpoules,Vol.3
Prentice Hall, New Delhi, 1998.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
ELECTRO CHEMICAL TECHNOLOGY
Course Code 18CH731 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to
1. Understand the operation of various types aftedehemical systems.
2. Understand electrochemical corrosion of metatsarrosion protection methods.

Module-1

Introduction To Theoretical Aspects: Faradays laws, mechanism of conduction in solidsjds and
gases and in ionic melts. Conduction in metalssamliconductors.
Reversible electrodes and potentials, electrodegsses and electrode kinetics. .

Module-2.

Various types of over potentials. Polarisatiorutl&-volmer for one electron and mute electrompste
Models of electrical Double layer.

Module-3

Applied aspects: Potentiometry and ion-selectieetebdes. Polarography.
Module-4.

Electrode deposition of metals and alloys. Prinzarg Secondary Fuel Cells.
Module-5

Corr osion and its Prevention: Electro winning. Electro organic and inorganic $ysis (and some typical
examples). Environmental electrochemistry. Bio-gechemistry

Course Outcomes On successful completion of this course studentdwiable to

« Explain Faradays laws and mechanism of conducti@olids, liquids and gases

« Classify reversible electrodes and explain eletieatcal cells, models of electrical double layed af
Bulter-Volmer equation

» Explain over potential, polarization and depositidmetals & alloys

» Discuss potentiometry, polarography and ion-seleatiectrodes

» Explain various types of primary and secondaryebes and fuel cells

» Discuss corrosion of metals & their prevention;lakpelectro-winning, electro-organic and inorgar
synthesis and environmental impact

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS:
1. Modern Electrochemistry, J.0.M., Bockris & A.K.N. Reddy, Vol.1 & 2, PlenuNew York 2002.
2. Industrial Electrochemical ProcessesA. Kuhn, Elsevier, Amsterdam, 1971.

REFERENCES BOOKS:
1. Electro Analytical Chemistry, J.J. Lingane, Wiley, New York, 1958.
2. Electrochemistry, Principles and Applications,E.C. Potter, Cleaverhume Press, Lond©56.

N

3.0rganic Electrochemistry, M.M. Baizer, Marcel Dekker,'3Edition, New York, 1991.

c
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
PETROCHEMICALS
Course Code 18CH732 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to
1. Understand the various types of Carbon compoandgheir properties.
2. Understand preparation of petrochemical compsdirain different sources.

Module-1

Definition of Petrachemicals: Petrochemical industries in India. Principal rawtenials. Introduction tg
chemicals from ¢ C,, C; and G compounds.

Chemicals from C, Compounds:Manufacture of methanol and chloro methanes. Manwurfe of perchloro
ethylene.

Module-2.

Chemicals from C, Compounds: Feed stock, technology, engineering problems argeu®f Ethylene
and acetylene, ethanol, polyethylene, acetaldehgtih@nol amines, acetic acid.

Module-3

Chemical from Cz; Compounds: Isopropanol, acetone, acrylonitrile, polypramg, propyleng
oxide.

1Y

Module-4.

Chemical from C, Compounds: Butadiene dehydrogenation of butane (Houdry). Debgehation of
butylenes. Dehydrogenation-dehydration of etha&team cracking of hydrocarbons.
Chemicals from Aromatics Primary raw material. Hydroalkylation.

Module-5

Manufacture of phenol — 2 methods. Styrene — 2 austhPhthalic anhydride maleic anhydride, nitroleeiez
aniline. Manufacture of industrial dyes basegetroleum feed stocks.

Course Outcomes On successful completion of this course studentdeiable to
* Explain the scenario of petrochemical industryndi&.
« Discuss the sources, composition and charactarizafipetrochemicals.
« Differentiate various types of hydrocarbons andrtheperties
» Explain production of primary and secondary petevoitals
« Discuss the types of chemical processes involvgaaduction of petrochemicals.
« Identify the major engineering problems of petrauloal production processes.

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum a@fuf sub questions) from each module. Each
question will have sub questions covering all thy@ds under a module.

*  The students will have to answer 5 full questi@edecting one full question from each module

full

TEXT BOOKS:
1. PetrochemicalsB.K. Bhaskar Rao, CRC Press, 1990.
2. Chemicals from Petroleum A.L. Waddams, @' edn, ELBS, London, 1970.

REFERENCES BOOKS:

1. Dryden’s Outlines of Chemical TechnologyGopal Rao M and Marshall Sittigi®3dn, East-West Pres
1997.

2. Chemical Process Industries 5" edn, Shreve and Austin, McGraw Hill, 1984.

3. Chemical TechnologyG.N. Pandey,3edn, Vikas Publishing House Pvt. Ltd., 1977.

I

4. Chemical TechnologyMukhlyonov, Mir Publications, 1982.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
COMPUTER APPLICATIONS AND MODELING
Course Code 18CH71 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to
To make the students understand physical systemiseimical engineering and to develop their mathieala
models and solutions for these models. The studwilitalso learn to use the commercial process kitous.

Module-1

Review of Computational Methods: Simultaneous linear algebraic equation — GaussadordNon-linear
algebraic equation-Newton Raphson. Ordinary Difige¢ Equation- R-K Method. Numerical Integratio
Simpson’s 1/3 Rule. Curve Fitting-Least Squares.

=]
T

Module-2.

Applications: Vapor- Liquid equilibria for binary mixtures. Calation of Bubble Pressure and Bubble Po
Dew Pressure and Dew point for Ideal Binary andtirsoimponent system.

Flash Vaporization: for multi-component system. Design of Adiabatic @aReactor. Design of Adiabat
PFR, Adiabatic CSTR and Combinations.

nt.

c

Module-3

Design of Adiabatic PFR, Adiabatic CSTR and Comtiames
Design: Double Pipe Heat Exchanger (Area, Length and Preshwp). Shell & Tube Heat Exchanger (Ar
Number of tubes, Pressure drop.

Module-4.

Absorption & Distillation Columns: Calculations for Plate and Packed Columns.

Module-5

Modeling: Models and model building, principles of model fodations, precautions in model buildin
Fundamental laws: Review of shell balance approaohinuity equation, energy equation, equation
motion, transport equation of state equilibrium aKihetics, classification of mathematical mode
Mathematical Modeling and Solutions to the Followig: Basic tank model — Level V/s time. Bat
Distillation — Vapor compaosition with CSTRs in sgitime.

g,
of

Is.
ch

Course Outcomes On successful completion of this course studentdwiable to
» Identify numerical techniques for solving chemieagineering problems
* Analyze specific problems and develop algorithms.
* Write C-programs for design of chemical engineegggipment.
» Explain the fundamentals of modeling.
* Use mathematical modeling and solve specific chahaicgineering models.

» Summarise concepts of Models, fundamental lawsazighbuilding, apply to Distillation and CSTR|

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

*  Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum obf sub questions) from each module.

«  Each full question will have sub questions coveafighe topics under a module.

*  The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:

1. Computer based Numerical AnalysisM. Shantha Kumar,®ledn, KPS Publisher,1987.

2. Introduction to Chemical Engineering and Computer Galculations, Myers, A.L and Seider W.D,
Prentice Hall, 1976.

3. Process Modeling Simulation and Control for ChemichEngineering, William. L Luyben, 2
edn., McGraw Hill, 199C

REFERENCES BOOKS:
1.Elements of Chemical Reaction Engineerind{. Scott Fogler, ®edn, Prentice Hall, 2001.

2.Introduction to Chemical Engineering Thermodynamts, Smith J. M. and H. C. Vannesd! 5

edn, McGraw Hill, 1996.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
FERMENTATION TECHNOLOGY
Course Code 18CH733 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to

1. Be able to understand role of microorganisms iméattation.

2. Be able to understand the various fermentatiomigolgies used.

3.Be able to learn the production of important pieid through fermentation.

Module-1

Introduction to fermentation & Microbial Growth Kin etics: History and development of fermentatic
general requirements of the fermentation, rangé&whentation processes, parts of a fermentatioogso
upstream and downstream processing, aerobic andrabia fermentation, solid state and submer
fermentation. Batch culture (Quantifying cell contation, Growth patterns and Kinetics), Continu
culture, Comparison of batch and continuous custumeindustrial processes, Fed batch culture, Exasnpf
use of fed batch cultures.

n,

ged
DUS

Module-2.

Isolation, preservation Pathways and improvement ofindustrial Microbes: Isolation, preservatio
Improvement of industrially important microorgansmDNA techniques Induction, carbon catabo
repression, crab tree effect, feedback Inhibitind epression

L
lite

Module-3

Media, Sterilization inoculum for industrial fermentations: Introduction, Typical media, Energy sources
Carbon sources, Nitrogen sources, Buffers, Oxyggairements, Antifoams, Medium optimization, Mediur
sterilization: The design of batch sterilizatiolmgesses, The design of continuous sterilizationgsses,
Sterilization of the fermenter, feeds and air dfiliterilization The development of inocula for steabacterial
and fungal processes, The aseptic inoculationasftgermenters.

>

Module-4.

Aeration agitation & Design of fermenter: The oxygen requirements and supply of industrighéatations,
Determination of K, Factors affecting K values, balance between oxygen supply and denBasic
function of a fermenter for microbial or animal Icellture, body construction, and various partsag
fermenter.

Module-5

Important products through Fermentation: Organic acids: citric and acetic acid; enzymes: lasg
protease, lipase; antibiotics: penicillin; vitamingB12; amino acids: lysine, Glutamic acid; orgasolvents:
ethanol, acetone butanol alcoholic beverages: wier; biomass: baker's yeast ; bio fertilizersp
pesticides; bio surfactant; steroid transformattiopolymers.

Course Outcomes On successful completion of this course studentdwiable to

e Comprehend role of microorganisms in fermentation.

» Explain the various fermentation technologies used.

» Explain production of important products throughientation.

« Discuss instrumentation and operation of fermefuteaerobic and anaerobic.

* Integrate biological and engineering principlesoired in the production and recovery of commerg
products.

« Develop critical thinking skills and learn to emypla quantitative, scientific approach towards
conversion of biological materials to value addeatpcts.

ial

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum otf sub questions) from each module.

«  Each full question will have sub questions coveafighe topics under a module.

*  The students will have to answer 5 full questi@edecting one full question from each module

TEXTBOOKS:
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1. Biochemical Engineering, Bailey & Ollis, McGraw Hill.

REFERENCES BOOKS:

1. Principles of Fermentation Technology- Stan bury P.F., Whitaker A, Hall S. J.
2. Bioprocess Engineering: Basic conceptsShuler M.L., Kargi F. (PH
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
NOVEL SEPARATION TECHNIQUES
Course Code 18CH741 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to
1. To identify the multiple factors influencing theaice of separation techniques.
2. To be able to qualitatively and quantitatively aekdrthe fundamental aspects of specialty separation
processes.

Module-1

Adsorptive Separations:Review of fundamentals. Mathematical modeling déiom factors. Pressure swing
& thermal swing adsorption. Counter current sepamat Chromatography: Chromatography fundamentals.
Different types, Gradient & affinity chromatograptiesign Calculations for chromatographic columns.

Module-2.

Membrane Separation ProcessesTypes, Thermodynamic considerations. Mass transfersiderations
Design of RO &UF. lon selective membranes. Micritrdtion. Electro dialysis. Pervaporation. Gasepus
separations.External Field Induced Separations: Electric & magnetic field separations. Centrifugal
separations and calculations.

Module-3

Surfactant Based Separation: Fundamentals. Surfactants at inter phases arallin Liquid membrane
permeation. Foam separations. Micellar separations.

Module-4.

Super Critical Fluid Extraction: Thermodynamics and physico chemical principles.c&e description.
Application. Case Study.

Module-5

MechanicaPhysical Separation Processintroduction, Classification, Filtration in solidqlid separation
Settling & sedimentation in particle fluid sepaoati
Other Separations: Separation by thermal diffusion, Electrophoresigstallization.

Course Outcomes On successful completion of this course studentdeiable to
« Explain fundamentals of various types of advanegzhsation techniques.
« Analyze a given industrial separation/problem amplyaconcepts of advanced separation techniques.
« Explore usage of alternative separation technitmése existing ones.
« Analyze and design pervaporation, chromatograpkydialysis based separation processes.
« Analyze merits and limitations of novel eparatientniques.
« Identify the multiple factors influencing the cheiof separation techniques.

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS:

1.Marcel Mulder, “Basic Principles of Membrane Teclogy”,2™ edn.,Springer Publications, 2007
Handbook of Separation Process Technology ,RRWsseu, John Wiley & Sons,1987.

2.Handbook of Separation Process Technology ,RR8Wisseu, John Wiley & Sons,1987

REFERENCES BOOKS:

Encyclopedia of Chemical Technology, Kirk-Othmeahid Wiley & Sons,2001.

Rate Controlled Separations, Phillip C Wankat, Kéuowcademic Pub, 1990.

Transportation and Separation Process, Gaenkopwiigjce Hall, 2003.

Large Scale Adsorption Chromatography, P C WartkRC Press, 1986.

Reverse Osmosis and Ultra Filtration Process RiiegciS. Sourirajan & T. Matsura, NRC
Publication, Ottawa, 1985.

Surfactant Based Separation, T.O. Hatton, Vol 23.

agrwbdE

o
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7. Supercritical Fluid Extraction, M A McHugh & V. Krukonis, Butterworth, 1987.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
CHEMICAL PROCESS INTEGRATION
: 18CH742 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:

Process integration involves considering holisteswof chemical process. To understand proces$isgist
and analysis. Heat and mass integration technigrgestudied to minimize the losses and to makeitheess
more economical.

Module-1

Introduction to Process Integration: Graphical Teghes. Overall mass targeting, Synthesis of Mass
Exchange Network: Graphical approach. Direct rexgtiategies.

Module-2.

Visualization Strategies: for development of magegdrated system. Algebraic approach to targetinecd
recycles.

Module-3

Algebraic Approach: to targeting mass exchangeyaor&. Recycle strategies using property integratio

Module-4.

Heat Integration: Combined heat and power integnatOptimization: Mathematical approach to direct
recycle, Graphical methodimplex method, single variable optimization, timalriable optimization.

Module-5

Mathematical Techniques:for synthesis of mass & heat exchange excludingdioptimization techniques,
for mass integration. Initiatives and applicatiofase studies.

Course Outcomes On successful completion of this course studentdwiable to

e Solve process integration and direct recycle prablasing analytical and graphical techniques and
MEN with pinch analysis.

» Solve direct recycle problems using algebraic teples and to solve problems using visualization
tools.

* Synthesize MEN using algebraic techniques andlte swoblems using property integration.

* Find the minimum heating and cooling utilities foprocess and to find solutions using optimization
techniques.

¢ Synthesize MEN and HEN problems using mathemagigahtions.

« Discuss the integration methods to reduce the mhterd energy recovery and reuse.

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS: 1. Process Integratior- Mahmoud. M., El — Hawalgi, Vol. 7, Academic Pre2806.

REFERENCES BOOKS:

1. Chemical Process Design & IntegratioriRobin Smith, 2 edn, Wiley, 2005.

2. Pinch Analysis and Process Integration A user guide on process integration for efficies¢ wf energy
Kemp I.C 2" edn, Butterworth, Heinneman, 20
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
PILOT PLANT AND SCALE UP STUDIES
Course Code 18CH743 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives:
To understand different scale up methods in chdraitgineering and applying the knowledge to scaléhe
reactors for industrial scale operations.

Module-1

Pilot Plants: Evolution of process system. Need of pilot pla@sncept of prototypes, models, scale ratios
element. Principles of similarity: Geometric simitg, Distorted similarity, Static, dynamic, kinetig
thermal and chemical similarity with examples

Module-2.

Dimensional Analysis: (Review of Rayleigh’'s, Buckinghaffmethods), Differential equation for stat
systems, flow systems, thermal systems, mass @ramsbcesses, chemical processes-homogeneou
heterogeneous.

Module-3

ic
5 and

Regime Concept:Static regime. Dynamic regime. Mixed regime conse@riteria to decide the regimes.
Equations for scale criteria of static, dynamicqasses, Extrapolation. Boundary effects.

Module-4.

Scale up of mixing process, agitated vessel, Sgalaf chemical reactor systems-Homogeneous reaction
systems. Reactor for fluid phase processes cathlyzsolids. Fluid-fluid reactors.

Module-5

Stagewise mass transfer processes. Continuous tnaaxsfer processes. Scale up of momentum and
transfer systems. Environmental challenges of sgale

heat

Course Outcomes On successful completion of this course studentdwiable to
« Differentiate between pilot plant and model andedbldevelop a prototype based on studies.
« Advantages and disadvantages of dimensional asabdinique over differential equation techniqu
« Designing of equipment by successive approximatiethod (Extrapolation).
« Apply the principles of scale-up for pilot plant.
e Scale up equipment for momentum and heat trangéess.
* Able to eliminate boundary effects in various cheahsystems.

e.

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS:

1. Scale up of Chemical ProcessegAttilio Bisio, Robert L. Kabel, John Wiley & Son$985

2. Pilot Plants Models and scale up method in Chemicdtngineering, John stone and Thring, McGra
Hill, 1957.

W

REFERENCES BOOKS:

1 .Pilot Plants and Scale up Studiesbrahinm and Kuloor
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
FOOD TECHNOLOGY
Course Code 18CH751 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to
1. Impart knowledge to the students about foodgssitig and various unit operations involved in it,
packaging, storing and preservation, food poisqariimad related hazards and safety.

Module-1

Intr oduction and Quality Attr ibutes of Focd: Function of foods. Food in relation to healthmPof food
science and technology. Quality attributes — Appeee factors, Textural factors, Flavor factors.udlsand
objectively measurable attributes. Aroma of foodmtroductory ideas, formation, chemistry and asisly
Taste — introductory ideas, formation and chemisigditional quality; quality standards, quality rtool.
Introduction to sensory evaluation of foods anddoages.

Modern Trends In Food Science:Biotechnology in food. Biofortification, Nutraceatils. Organic
foods. Low cost nutrient supplements. Packaginipeds and nutrition labeling. Careers in food scieand
food industries.

Module-2.

Formation and Chemistry of Focd:  Carbohydrates. Proteins. Lipids. Vitamins. Mineralgater.
Biotin. Choline. Phytochemicals.Food Processing and Preservation:Food deterioration — Cause
Aims and objectives of preservation and procesdihgt operations in processing. Different methods
food preservation — low temperature, high tempeeatpreservatives, osmotic pressure, dehydratifmosl
irradiation; processing and preservations of milkl @airy, vegetables and fruits, cereals, legunnelsrats,
meat and meat products, fats and oils, beveraggars sweeteners, honey and confectionary, sélpines.

Module-3

Enzymatic and Non-Enzymatic Reactions During Storages: Introduction to enzymes. Nature and funct
of enzymes. Classification of enzymes. Hydrolasessterace, amylases, pectic enzymes. Prote
Oxidoreductases — phenolases, glucose oxidaselosmtaperoxidase, lipoxygenase, xantine oxid
Immobilized enzymes. Uses and suggested uses ghmenin food processing. Non-enzymatic reactions

on
ases.
ASe.

Module-4.

Food Additives: Introduction and need for food additives. Typesdditives — antioxidants, chelating ager
coloring agents, curing agents, emulsions, flaam flavor enhancers, flavor improvers, humectants anti
choking agents, leavening agents, nutrient suppi&nenon- nutritive sweeteners, pH control age
Preservatives — types and applications. Stabiliaedsthickeners, other additives. Additives andifsafety
Food Contamination and Adulteration: Types of adulterants and contaminants. Intentiadalterants.
Metallic contamination. Incidental adulterants. iWatand effects. Food laws and standards.

its,

nts.

Module-5

Environmental Concerns and Food Safety: Water in food production. Properties and requiretesf
processing water. Environmental concerns — solidstevadisposal, wastewater properties, wastew
treatment. Safety hazards and risks. Food relaedrtls. Processing and handling. Cleaning andzagit

ater

Course Outcomes On successful completion of this course studentdwiable to
« Explain the quality attributes and chemistry ofdeo
e Comprehend about food processing and various peitations involved in it,
« Apply principles of packaging, storing and preséorg food poisoning, food related hazards and
safety
* Explain the various causes of food deterioratiosh faed poisoning.
» Identify appropriate processing, preservation, gackaging method.
* Analyze product quality and effect of processinghteque on it.

QUESTION PAPER PATTERN:
e The question paper will have ten questions.

« Each full Question consisting of 20 marks
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*  There will be 2 full questions (with a maximum obf sub questions) from each module.
*  Each full question will have sub questions coveafighe topics under a module.
* The students will have to answer 5 full questi@a$ecting one full question from each module.

TEXT BOOKS:
1. Food ScienceB. Srilakshmi, & edn, New Age International, 2007.

2. Foods: Facts and Principles,N. Shakuntala Manay and M. Shadaksharamurthy, Nege A
Publisters. 2005

REFERENCES BOOKS:
1. Introduction to Food ScienceRick Parker, Thomsan Detmer, 2001.
2. Food Processing and Preservation,G. Subbulakshmi and Shobha A. Udupi, New A
International, 2001.
3. Food ScienceNorman N. Potter and Joseph H. Hotchkihetin, Avi Publishing C01968.
4. Principles of Food Chemistry,John M DeMan, 4 edn, Springer,1999

\ge
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
PULP AND PAPER TECHNOLOGY
Course Code 18CH752 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to

1. Understand the wood chemistry, basic pulp and pagldng processes from different raw materials.

2. Acquainted with raw material characteristics, pbghbiand mechanical concepts, nomenclature
procedures related to evaluating paper and pajedlproduct propertie
3. Learn Chemical recovery systems and bleaching chamcal pulps. Treatment of effluent.

Module-1

Wood Chemistry: Chemical composition- cellulose, hemi cellulosgnin, wood extractives, raw materi
Quality parameters under evaluation. Yield of raatenial.

Pulping: General principle of pulping. Types of pulping peeses: mechanical, chemical, semi-chemical,
sulphate process, Kraft process. Process calcusatitaw material utility requirements. Process fiheet
and description. Washing and bleaching. Commonapetation. Wood treatment, digestion, evaporation,
drying with equipment used.

Module-2.

Treatment of Pulp: Screening, washing, refining, thickening of puBleaching- conventional and no
conventional bleaching techniques.

Paper Making: Preliminary operations on pulp. Beating and refiniof pulp. Non-fibrous materials.

Fillers and loading material. Internal sizing. Vded additive surface treatment. Paper coloringasarsizing.

Module-3

and

al.

D

Paper Drying and Finishing: Types of dryers. Calendaring. Reeling and windiRgper machine drives,
cutting, winding and rewinding. Conversion of paper

Module-4.

Paper Quality of Grades: Different grades of paper quality. Parameters it tevaluation. Saturation o
paper. Special grade papers. Recycling of wasterpap

f

Module-5

Supportive Operations: Chemical recovery — water balance, oxidation, exatpmn of black liquor, lime
recovery. Quality control and safety aspects.
Environmental Aspects: Effluent characteristics of pulp and paper indestriTreatment methods.

Course Outcomes:On successful completion of this course studentdeiable to
e Introduction of raw materials of paper and its ¢iel
« Paper manufacturing processes starting from raweniadg, pre-treatment’s and equipment used.
e Paper making from wet pulp to papers with suitadditives for quality.
e Paper drying and finishing processes, quality chexid recycling of paper.
« Industrial support systems for paper factory andrenmental considerations.
« Explain environmental aspects related to papersmyu

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS:
1.Pulp and Paper Chemistry and TechnologyCasey, J.P., 2™ edn Inter Science, 196(

REFERENCES BOOKS:
1 Handbook of Pulp and Paper TechnologyBritt K.W., Reinhold Publication Corp., 1964

2. Pulp and Paper Science and Technologiibby C.E. Vol 1to 3, McGraw Hill , 1962
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
PETROCHEMICAL ENGINEERING
Course Code 18CH753 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to

1. Study the Prospects, Growth, Economy related tmBle¢mical Industry.

2. Study various feed stocks employed.

3. Study heat & mass transfer operations related ti@éteemical Industry.

4. Study reactors employed and engineering problemsuwetiered at Petrochemical Industry.

Module-1

Introduction: The growth of petrochemical indusBlpbal & Indian scenario, Feed stocks for
Petrochemicals, Natural gas, Refinery gases, Ssu@mmposition of natural gas, Properties, Stokéeping
value and flammability limits of natural gas. Refiment of Natural Gas: Acid gas removal: Amine pssce
Carbonate washing process, Sulphur recovery probesgdration, Technology of Liquefied Natural Gas
08 Hr

Module-2.

CRACKING: Thermal, Catalytic, Product distributidsteam cracking, Thermodynamics of Steam crackif
of Natural gas, Naphtha and Heavy distillates, Betglof steam cracking, Production of Hydrogen,t8gsis
gas, Methanol, Reaction features. Reactors fonstgacking. Engineering Problems associated.

9

Module-3

Thermodynamical and Technological principles inealin Alkylation, Oxidation, Nitration Hydrolysis
processes employed at petrochemical industry.

Module-4.

Thermodynamical and Technological principles inealin Sulphonation, Sulfation and Isomerization
processes employed at petrochemical industry

Module-5

Petro Chemicals from Aromatics: Feed stocks, Hydkglation. Thermodynamics, Kinetic Reactors feasu

Product distribution Engg. problems associated

Course Outcomes On successful completion of this course studentdwiable to
« Explain the scenario, prospects and growth relgubtrochemical industry in India.
« Discuss various cracking methods employed in patralrefining.
« Discuss the types of chemical processes employgetiaichemical industry.
« Apply thermodynamical and technological aspectslved in petrochemical industry
« Explain the production of petrochemicals from articaydrocarbons.
« Identify the various engineering problems assodiatith petrochemical industries.

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:

1. Bhaskara Rao, B.K., “A Text on Petrochemicals”, Kina Publishers, 2000.

2. Sukumar Maiti, “Introduction to Petrochemicals™ &dn, Oxford and IBH Publishers, 2002.
3. Dryden, C.E., “Outlines of Chemical Technology™ 2dn, Affiliated East-West press, 1993

REFERENCES BOOKS:
1. Margaret Wells, “Handbook of Petrochemicals amitBsses”, " edn, Ash Gate Publishing Limited, 200
2. Sami Matar, and Lewis F. Hatch., “Chemistryetrochemical Processes™&dn, Gulf Publishing

N

Company, 2000.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
COMPUTER APPLICATIONS & SIMULATION LAB
Course Code 18CHL76 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives Students will

1. Identify applications of numerical techniques itvgtg chemical engineering problems

2. Develop algorithm and write program for Bubble pgpDew point, Flash drum and Adiabatic flame
temperature

3. Develop algorithm and write program for elemen®@egign of heat exchangers, distillation column

4. Comprehend utilization of simulation software fetermination of thermo-physical properties of pu
components & generation of VLE data of binary congrg system

5. Simulate heat exchanger, distillation column aadtldrum using simulation software

PREREQUISITES: Students should have pursued the following cauasepart of their degree program / hg
good working knowledge in (i) Fluid mechanics @ipemical Reaction Engineering (iii) Chemical Engirieg
Thermodynamics (iv) Heat and Mass Transfer (v) €sed&Equipment Design (vi) Numerical analysis

ave

Experiments: The following experiments are to be carried dug; data are to be analysed based on the
theoretical aspects, and recorded with comments.

Sl. No. | Part—A Numerical MethalAnd Computer Applications

1 Non-linear algebraic equation- Newton Raphsore¢Bic volume of binary mixture)

Ordinary Differential Equation- R-K Method (dC&HC#)

Numerical Integration - Simpson’s 1/3 Rule ( BalReactor to find time)

Curve Fitting —Least Square (Nre vs f)

Calculation of Bubble Point and Dew Point fordbmulti-component system

Flash Vaporization for multi-component system

Design of Adiabatic Batch Reactor, PFR

Adiabatic Flame Temperature

O O|INO|U|RWIN

Double pipe heat exchanger (Area, Length andsBresirop)

10 Distillation Column (Bubble cap)

The above applications can be solved using Prograghbanguage already learnt at First year or Sp&iazbt

PART - B SIMULATION

Introduction to suggested software availablexfiheeting)

Mixing of ideal liquid streams

Determination of thermo-physical properties afegpcomponents

Generation of VLE data of binary component system

Determination of equilibrium conversion of reubks reactions

Material balance on reactor based on yield/caiwerdata

Simulation of a flash column

Simulation of a distillation column

OO NO|U|WINF

Determination of heat duty

10 Detailed Simulation of heat exchanger

11 Simulation of a CSTR for liquid phase reaction

12 Shortcut Simulation of heat exchanger to deteeroutlet stream temperature

13 Simulations Studies of pump, compressor, cycimkheater

14 Process simulation study involving mixing, reactistillation, heat exchanger for any of the
following:

a) Ethylene Glycol from Ethylene oxide

b) Atmospheric distillation of crude oil

c) Propylene Glycol from Propylene oxide

d) Aromatic stripper with recycle stream (Benzene LU€ok, Xylene)
Styrene from Ethyl Benzene

Note: Minimum 10 experiments are to be conducted

SOFTWARES SUGGESTED:
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* Aspen Plus

» ChemCAD

* COCO simulator
* Design-ll

« DWSIM

e Hysys

* Open Modelica
* Prosim

Course Outcomes:On successful completion of this course studentseiable to
* Apply theoretical knowledge of numerical methodsatve chemical engineering problems.
< Understand the application of simulation and dategssing in chemical engineering.
e Simulate basic equipment used in unit operations.
« Utilize simulation software to verify and analyzéfetent solutions obtained through programming.
« Use simulation software to determine optimal Soluai
« Apply theoretical knowledge of numerical methodsatve chemical engineering problems.

Conduct of Practical Examination:

Minimum of 10 programs/simulations are to be comeld@nd all are to be included for practical exatomn.
Students are allowed to pick one experiment froendh

Strictly follow the instructions as printed on t@ver page of answer script for breakup of marks.
Change of experiment is allowed only once and 158fkislallotted to the procedure part to be made zero

TEXT BOOKS:
1. Computer based Numerical AnalysisM. Shanthakumar,®ledn, KPS Publisher, 1987.
2. Process Modeling Simulation and Control for ChemichEngineering, William. LLuyben, 2° edn.,
McGraw Hill, 1990.

REFERENCE BOOKS:

1. Andrew Biaglow, Teach Yourself ChemCAD, Wiley-Blaakll, 2020

2. Ghasem, A. and R. Henda. Principles of chemicalherging processes. Boca Raton: CRC Press,
2009.

3. Jana A. K. Process simulation & control using ASPEN. New Delhi: PHI Learning Pvt. Ltd., 2012.

4. R.W. Gaikwad, Process Modeling & Simulation, DégeCo., 2010.

5. S. I. Sandler. Using Aspen Plus in thermodynamisgriction — A step-by-step guide. New Jersey:
John Wiley Sons, Inc., 2015.

6. Schefflan, R. Teach yourself — The basics of Adpleis. New Jersey: John Wiley & Sons, Inc., 201(1.

7. Seider, W. D., J. D. Seader, J. D. and D. R. Le®irR. Product and process design Principles, 2/g.
New York: John Wiley and Sons, Inc., 2008

8. Computer based Numerical Analysis, M. ShanthakuisEdn., KPS Publisher, 1987.

9. Process Modeling Simulation and Control for Cheiriiagineering, William. L Luyben,"® edn.,
McGraw Hill, 1990.

10. Elements of Chemical Reaction Engineering, H. S€otjler, 9 edn, Prentice Hall, 2001.

11. Introduction to Chemical Engineering Thermodynam@&msith J. M. and H. C. Vannes$ &dn,
McGraw Hill, 1996.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
PROCESS CONTROL LAB
Course Code 18CHL77 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:2:2 SEE Marks 60
Credits 02 Exam Hours 03

Course Learning Objectives: Students will
1. Experimentally verify the principles and workingingtruments studied in theory.
2. Carry out experiment and make observations foiouarparameters.
3. Study and use of various first order system androbers.
4. Evaluate the data and compare with reported lilezat

Experiments: The following experiments are to be carried dug; data are to be analysed based on the
theoretical aspects, and recorded with comments.

Sl. No. | Experiments

[EEN

Thermometer

Liquid Level System- Step Response

Non Interacting Tanks - Step Response

Interacting Tanks - Step Response

U — Tube Manometer

Single tank - Impulse Response

2

3

4

5 Pressure Tank
6

7

8 Non Interacting Tanks - Impulse Response
9

Interacting Tanks - Impulse Response

10 Level/Flow/Pressure/pH/Temperature control -etroller

11 Level/Flow/Pressure/pH/Temperature control €dpitroller

12 Level/Flow/Pressure/pH/Temperature control —c@bxroller

13 Level/Flow/Pressure/pH/Temperature control — &btroller

14 Valve Characteristics

15 Valve Positioner

16 Valve Hysteresis

17 Mixing tank

18 Flapper Nozzle System

Course OutcomesOn successful completion of this course studentdeiable to
» Demonstrate knowledge and understanding of chenpoatess systems as well as the opers
principles of common instruments, instrumentatietworks, sensors and display units.

* To apply and determine time constants for variass érder systems.

» Apply acquired engineering knowledge to analyzesess and solve common process control
instrumentation problems

e Use technical literature and other information sesr to treat with industrial control ai
instrumentation engineering problems

« Utilize appropriate control engineering and instemtation documentation and standards

« Use control valves and obtain its inherent charesties..

ting

and

nd

Conduct of Practical Examination:
1. Minimum of 10 experiments are to be conducted dinti0eexperiments are to be included for pract
examination.
2. Students are allowed to pick one experiment froendk
3. Strictly follow the instructions as printed on tta&ver page of answer script for breakup of marks.
Change of experiment is allowed only once and 15&fkis! allotted to the procedure part to be mg
zero.

TEXT BOOKS:
1. Process System Analysis and ControCoughner & Koppel,? edn, McGraw Hill, NewDelhi,1991.

REFERENCE BOOKS:
1. Process Modelling, Simulation & Control for Chemica Engineers, Luyben, 2° edn, McGraw Hill,
1990.

cal

de
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2. Chemical Engineering Vol. llI, lll Edition, Coulson & Richardson, Pergamon Press, 1998.
3. Chemical Process ControlAn Introduction to Theory and Practical, Georgep&taopoulos, Vol.3
Prentice Hall, New Delhi, 1998.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
PROJECT WORK PHASE-1
Course Code 18CHP78
Teaching Hours/Week (L:T:P) 0:0:2 CIE Marks 100
Credits 01

CIE procedure for Project Work Phase- 1: The CIE marks shall be awarded by a committee stingi of
the Head of the concerned Department and two séaoity members of the Department, one of whontl g
be the Guide.

The CIE marks awarded for project work phase -a)ldfe based on the evaluation of project work phds
Report, Project Presentation skill and Question Answer session in the ratio 50:25:25.The marksrded
for the Project report shall be the same for alithtch mates.

ha

Project work:

Based on the ability/abilities of the student/s aadommendations of the mentor, a single discipbne
multidisciplinary project can be assigned to anviiglial student or to a group having not more thatudents
In extraordinary cases, like the funded projectmiiring students from different disciplines, thejpct student
strength can be 5 or 6.

CIE procedure for Project Work Phase - 1:

(i) Single discipline: The CIE marks shall be awarded by a committeeistimg of the Head of the concerne
Department and two senior faculty members of thpdbtenent, one of whom shall be the Guide.

The CIE marks awarded for the project work phaseshall be based on the evaluation of the projewky
phase -1 Report (covering Literature Survey, Pmobidentification, Objectives and Methodology), @
presentation skill and question and answer seggidhe ratio 50:25:25.The marks awarded for thejdeta
report shall be the same for all the batch mates.

(if) Interdisciplinary: Continuous Internal Evaluation shall be group wéethe college level with th
participation of all guides of the college. Pagation of external guide/s, if any, is desirable.

The CIE marks awarded for the project work phasshall be based on the evaluation of project vipbr&se -
1 Report (covering Literature Survey, Problem idemattion, Objectives and Methodology), projs
presentation skill and question and answer sesaidhe ratio 50:25:25.The marks awarded for thggota
report shall be the same for all the batch mates.

~

ct

Course OutcomesAfter studying this course, students will be alole t

« Apply fundamentals of science and engineering émtifly, formulate and solve chemical engineer

problems.

» Conduct experimental investigation, data intergi@teand develop solutions for chemical engineeri

problems.

e Analyze and design solutions for chemical engimgerproblems through the use of mods
engineering and IT tools.

» Assess the impact of chemical engineering solutmnshe society and industry and demonstrate
need for sustainable development.

« Develop the ability to communicate effectively iarlbal and written forms and prepare project rep
and presentations.

« Apply the principles of management in chemical aagring and function effectively as member

orts

or

leader of a team. Prepare presentation and comatarfiadings to audience.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER - VII
INTERNSHIP
Course Code
Teaching Hours/Week (L:T:P) CIE Marks
Credits

Internship: All the students admitted to 1l year of BE/B.Teslmall have to undergo mandatory internship

weeks during the vacation of VI and VII semestard for VII and VIII semesters. A University examiioa

shall be conducted during VIII semester and thegieed credit shall be included in VIII semestaternship
shall be considered as a head of passing andshalbnsidered for the award of degree. Those, vehood
take-up/complete the internship shall be declaredaded and shall have to complete during subs&q
University examination after satisfy the internsteguirements.
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Vill- SEMESTER

B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER VIII
PROCESS ENGINEERING ECONOMICS AND MANAGEMENT
Course Code 18CH81 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:2:.0 SEE Marks 60
Credits 04 Exam Hours 03

Course Learning Objectives The students will be able to
1. To study various phases in process design & dexsop
2. To determine cost involved in various processes.
3. Estimation of capital cost, alternative investmeartd replacement analysis.
4. To study direct, indirect expenses involved anditaaility evaluation methods.
5. To study various financial statements, significaot&nancial ratios and cash flow diagram.

Module-1

Process Design Developme: Overall planning of a plant, Feasibility studaasd Material & energy balanc
Equipment sizing and selection, Process flow stieé&t| diagram, Plant layout and location.

(

Module-2.

Cost Analysis: Factors affecting investment & production costfifBation of capital investment, Factors
capital investment, Estimation of working capitast index.
Time value of money Types of interests, Effective and nominal interates, present worth and discount.

n

Module-3

Depreciation & Taxes: Types of Depreciation and calculation methods
Profitability: Theory of profitability and its evaluation metlsod

Module-4.

ReplacementsTheory of replacements, causes for replacements typreplacements
Alternatives investments:Theory of alternative investments and causes ®s#ime

Module-5

Financial statements and Design report:Introduction to financial statements, Cash flowgdéams, balancs

sheet and Break-even analysis.
Design report: Introduction to design of reports. Types of repofdsganization of report and purpose
report.

1%

of

Course Outcomes On successful completion of this course studentdwiable to
» Discuss Planning, feasibility of chemical processry out material and energy balance, sizing,
development of flow sheets & PI diagrams. Selezhplocation and lay out.

« Evaluate capital investment for chemical plant aiseost indices, discuss types of interest, present

worth annuities, perpetuities.
« Discuss depreciation and calculation methods. Riufity and its evaluation.
« Explain theory of replacements and alternative stwents.
< Discuss financial statements, breakeven analysigeepare design reports.

« Manage financially the chemical plant from desitage to commissioning stage and during working

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS:
1.T.R.Banga & S.C.Sharma Industrial OrganizatiorE&gineering Economics #2edn. Khanna
Publishers 19¢

REFERENCES BOOKS:
1 Plant design and Economics for Chemicngineer-Peters& Timmerhaus" edn McGraw Hill,199
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER VIII
PROCESS ENGINEERING ECONOMICS AND MANAGEMENT
Course Code 18CH821 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to
1. Learn formulations, tablet and capsule making.
2. Learn development, testing of cosmetics.
3. Learn manufacturing technology.
4. Learn patent intellectual property rightsl regulatory affairs.

Module-1

Electrophilic Substitution Reaction: Preparation of cyclo alkane. Bayer's strain theeunyd orbital

picture of angle stream.
Electrophilic Substitution Reaction Mechanism & Apgication: Dehydrogenation of alkyhalides. 1-2

elimination kinetics: E2 and Elmechanisms. Isoteffect. Dehydration oflcohols. Ease of dehydration
08 Hr

Module-2.

Nucleophilic Addition Reaction: Mechanism.  Important chemicals. Oxidation-Redurct®actions.
Rheology of Fluids in Mixing and Blending.

Module-3

Preparation: Test for purity and medical uses of ChlorobutamBicopral, Glycerol trinitrate.

Module-4.

Preparation: Test for purity and medical uses of Urea, ethyldi@@nine dihydrate, vanillin, paraldehyde.
Preparation: Test for purity and medical uses of lactic acitriciacid, salicylic acid, saccharin sodium.

Module-5

Preparation: Test for purity and medical uses of Ethyl boratmethyl phthalate,

Course Outcomes On successful completion of this course studentdwiable to
« Explain formulations, tablet and capsule making
« Discuss development, testing of cosmetics.
« Apply manufacturing technology.
« Use patent intellectual property rights and reguiaaffairs.
« Develop manufacturing technologies and apply foious cases.
« Practice industrial safety in drug

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:

1. Organic Chemistry, T.R. Morisson and R. Boyd,thEedn, Prentice Hall of India Puttd., New Delhi,
1992.

2. The Theory and Practice of Industrial Pharmacy,Liberman, and Lachman3edn, Lea & Febiger,
Philedelphia, 1986.

3. Pharmaceutical Product DevelopmentJain N.K, CBS Publications and Distributions, Neell, 2006

REFERENCES BOOKS:

1. Organic Chemistry Fundamentals,l. L. Finar, 2°edn, ELBS, Pergamon Press, 1965.

2. Good Manufacturing of Pharmaceuticals,Sidnay H. Willing, Murray M. Tuckerman, and Wilires
Hitchings, % edn, Marcell Dekker Inc., NY, 1982.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER VIII
APPLIED MATHEMATICS IN CHEMICAL ENGINEERING
Course Code 18CH822 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to

To impart the knowledge of mathematics for solwiagous mathematical equations that need to besdotv
several chemical engineering courses such asahdanass transfer, momentum transfer, reaction
engineering, separation processes, thermodynaetis,

Module-1

Mathematical Formulation of the Physical Problems:Applications of laws of conservation of mass, ege
Statement of the problem. Modeling. Examples antlpms.

9

Module-2.

Ordinary Differ ential Equations: Formulations of ordinary differential equationsahing chemical
engineering problems. Solutions- Equations of firsker and first degree. Equations of first orded aecond
degree. Bernoulli equation. Euler equation. Sirmdtaus linear differential equations.

Module-3

Partial Differential Equations: Formulations of partial differential equations itwinog chemical engineering
problems. Solutions. Fourier series.

Module-4.

Numerical Methods: Solutions of ordinary differential equations forechical engineering problems.
Solutions of partial differential equations for afieal engineering problems.

Module-5

Difference operator, linear difference equationglysis of stag-wise processes. Laplace transforms and
applications to chemical engineering.

Course Outcomes On successful completion of this course studentdwiable to

* Understand the basic algorithms for solution of baedble to solve linear and nonlinear equations

* Be proficient in manipulation of logarithmic, expontial, and other non-linear functions in order to
linearize and to regress non-linear expressions.

« Understand the basic algorithms for solution.

e Solve numerical integration and ordinary differahéquations.

e Familiar with a variety of numerical methods fohéag partial differential equations.

« Apply the techniques learnt in this subject toghbkition of comprehensive design problems in
chemical engineering.

QUESTION PAPER PATTERN:

*  The question paper will have ten questions.

e Each full Question consisting of 20 marks

*  There will be 2 full questions (with a maximum otf sub questions) from each module.

e Each full question will have sub questions coveafighe topics under a module.

*  The students will have to answer 5 full questi@adecting one full question from each module.

TEXT BOOKS:
1. Applied Mathematics in Chemical Engineering,H.S. Mickley, T.K. Sherwood and C.E.Reef &in,
Tata McGraw Hill, 1999.
2. Mathematical Methods in Chemical Engineering,V.G. Jenson & G.V. Jeffreys, Academic Preg
London, 1977.
3. Mathematical Methods in Chemical Engineering,S. Pushpavanam, Eastern Economy
Edition, 2004.

REFERENCES BOOKS:
1. Applications of Mathematical Modeling to Process Deelopment and DesignL.M. Rose Applied

Science Publishers Ltd., London, 1998.
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER VIII
APPLIED MATHEMATICS IN CHEMICAL ENGINEERING
Course Code 18CH823 CIE Marks 40
Teaching Hours/Week (L:T:P) 3:0:0 SEE Marks 60
Credits 03 Exam Hours 03

Course Learning Objectives The students will be able to
1. To introduce the students about basic laws of mémmenheat and mass transfer.
2. To determine the heat transfer rate and temperdistrébution for different heat transfer situatson

3. To determine the mass transfer rate and conceasriradistribution for different mass transfer

situations.
4. To study the different analogies between mass, mameand mass transfer

Module-1

Introduction:

Momentum Energy and Mass Transport Newton’s lawistosity (NLV). Newtonian and Non-Newtonig
fluids. Fourier's law of heat conduction (FLHC),ckis law of diffusion (FLD), Effect of temperatuwsnd
pressure on transport properties of fluids.

AN

Module-2.

Velocity Distribution in Laminar Flow:

Different Flow situations, Steady state Shell motuen balances, Boundary conditions applicable
momentum transport problems, Flow over a flat platew through a circular tube, Flow through Anrgilu
Steady State Shell Energy Balancesieneral Boundary conditions applicable to energgdport problems
of chemical engineering. Heat conduction througmpaund walls. Overall heat transfer coefficient.

Module-3

Temperature Distribution in Solids and in Laminar Flow:

Different situations of heat transfer: Heat conaucivith internal generation by electrical and macl energy
sources, Heat conduction in a cooling fin: Forced faee convection heat transfer.

Concentration Distributions in Laminar Flow: Steady state Shell mass balances. General Boundary
conditions applicable to mass transport problenthemical engineering. Equimolar counter diffusion.
Numerical problems.

Module-4.

Concentration Distributions in Laminar Flow:
Diffusion through stagnant gas and liquid filmsffOsion with homogeneous reaction, Diffusion with
heterogeneous reaction Diffusion into falling fitniForced convection mass transfer.

Module-5

Analogies between Momentum, Heat and Mass Transpart
Reynold’s, Prandtl’s and Chilton & Colburn analagie
Equations of Change:Equation of continuity, Equation of motion; NavieStokes equation

Course Outcomes On successful completion of this course studentdeiable to

« Explain types of fluids comprehend effect of tengere and pressure on transport properties ofl(
and apply transport laws to solve numerical proklem

* To understand basic laws of momentum, heat and rassfer.

» Derive overall heat transfer coefficient, Temperatistribution with and without energy sources

» Determine velocity profile and shear stress prsfitedifferent flow situations

« Derive molar flux for stagnant gas, liquid filmgrhogeneous and heterogeneous reactions and
applications to falling film forced convection maeansfer.

* Determine HT & MT coefficient using various analegi

I

QUESTION PAPER PATTERN:

e The question paper will have ten questions.

e Each full Question consisting of 20 marks

e There will be 2 full questions (with a maximum ofif sub questions) from each module.

e Each full question will have sub questions covealfighe topics under a module.

«  The students will have to answer 5 full questi@a$ecting one full question from each module

TEXT BOOKS:

to

d
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1. Transport PhenomenaBird, Stewart and Lightfoot, Academic Press, 1994.

REFERENCES BOOKS:
1. Momentum Heat and Mass Transport,Welty, Wikes and Watson™4edn., John Wiley, 2000.
2. Principles of Unit Operations in Chemical engineerg, Foustet al., 2" edn, John Wiley, 1990.
3. Transport Phenomena — A Unified ApproachRobert S. BrodKey and Henry C. Hershley, Vol.2
Brodkey Publishing, 2003
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B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER VIII
PROJECT WORK PHASE-2
Course Code 18CHP83 CIE Marks 40
Teaching Hours/Week (L:T:P) 0:0:2 SEE Marks 60
Credits 08 Exam Hours 03

Project Work

CIE procedure for Project Work Phase - 2:

() Single discipline: The CIE marks shall be awarded by a committeeistimg of the Head of the concern
Department and two senior faculty members of thpabienent, one of whom shall be the Guide.

The CIE marks awarded for the project work phasehall be based on the evaluation of project vpir&se -
2 Report, project presentation skill and questind answer session in the ratio 50:25:25.The masksded
for the project report shall be the same for alltatch mates.

i) Interdisciplinary: Continuous Internal Evaluation shall be group waethe college level with th
participation of all guides of the college. Pagation of external guide/s, if any, is desirable.

The CIE marks awarded for the project work phasehall be based on the evaluation of project vpbr&kse -
2 Report, project presentation skill and questiod answer session in the ratio 50:25:25.The manksded
for the project report shall be the same for adlblatch mates.

1%
o

SEE for Project Work Phase - 2:

(i) Single discipline: Contribution to the project and the performanceath group member shall be assessed

individually in semester end examination (SEE) aaned at the department.

(i) Interdisciplinary: Contribution to the project and the performanceeath group member shall
assessed individually in semester end examina8&ft) conducted separately at the departments tchvthé
student/s belongs to.

De

Course Outcomes On successful completion of this course studentdeiable to

« Apply fundamentals of science and engineering ¢atifly, formulate and solve chemical engineering

problems.

* Conduct experimental investigation, data interpi@ieand develop solutions for chemical
engineering problems.

* Analyze and design solutions for chemical engimggproblems through the use of modern
engineering and IT tools.

« Assess the impact of chemical engineering solutionthe society and industry and demonstrate the

need for sustainable development.

« Develop the ability to communicate effectively ierkial and written forms and prepare project reports

and presentations.
* Apply the principles of management in chemical eagring and function effectively as member or
leader of a team.




99

B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)

SEMESTER VIII
TECHNICAL SEMINAR
Course Code 18CHS84
Teaching Hours/Week (L:T:P) 0:0:2 CIE Marks 100
Credits 01 Exam Hours: 03

Course Learning Objectives Students will
Develop skills in searching technical literaturealgzing and evaluating it to compare the variopisreaches
and prepare a written report and also presentioglly.

The student has to prepare, submit a seminar repdrimake a presentation on Seminar topic alloftad.
seminar shall be evaluated as internal assessmentdmmittee constituted by the HOD.

Course Outcomes On successful completion of this course studentdwiable to

Develop presentation and communication skillh lno verbal and written forms.

Review information about recent developmentShiemical engineering.

Compare alternate technologies and proposei@uut

Identify new technologies which are feasible badeficial to society.

Realise potential technologies to identifiedabeans in Chemical engineering.

oA IWIN

Gain in-depth knowledge in Chemical engineetopics and inculcate a sense of lifelong learning.

B. E. CHEMICAL ENGINEERING
Choice Based Credit System (CBCS) and Outcome BasEducation (OBE)
SEMESTER VIII

INTERNSHIP

Course Code 18CHI85 CIE Marks 40

Teaching Hours/Week (L:T:P) SEE Marks 60

Credits 03 Exam Hours: 03

Internship: Those, who have not pursued /complétedinternship shall be declared as fail and hav
complete during subsequent University examinatiter aatisfying the internship requirements.

et

Identify areas for observational training.

Describe and summarise different unit operatamd unit processes involved.

Compare theoretical knowledge with industri@gices.

Integrate various unit operations and draw @Bedéew diagrams.

Present, summarise collected information irfolmm of training report.

o0~ WINIE

Develop presentation and communication skilkh o verbal and written forms.




