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2" Year - Semester |

A. THEORY
Contact Hours/Week )
S/L Code Theory Cr. Points
T P Total
1 HU-301 Values & Ethics in Profession 0 0 3 3
2 CH(CHE)-302 Chemistry -2 1 0 4 4
Basic Environmental
3 CH(CHE)-301 Engineering & Elementary 0 0 3 3
Biology
ES-302 Energy Technology 0
CHE-301 Fluid Mechanics
CHE-302 Industrial Stoichiometry
Total of Theory 21 21
B. PRACTICAL
7 CH(CHE)-392 Chemistry -2 Lab 0 3 2
8 ES-392 Energy Laboratory 0 3 3 2
9 CHE-391 Fluid Mechanics Lab 0 3 3 2
10 Instrumental Method of
CHE-392 Analysis Lab 0 3 3 2
Total of Practical 12 8
Total of Semester 33 29
2" Year - Semester IV
A. THEORY
) Contact Hours/Week .
Code Field Theory Cr. Points
P Total
1 M(CS)-401 Numerical Methods 0 3 2
2 M402 Mathematics-2 0 4 4
Data structure & Database
8 CHE-401 concept Y 4 N
4 CHE-402 Process Heat Transfer 0 4 4
5 CHE-403 Mechanical operation 0 4 4
Total of Theory 19 18
B. PRACTICAL
Technical Report Writing & & & 2
6 HU-481 Language Lab Practice
, M(CS)-491 Numerical Methods 2 2 1
. CHE-491 Data Structure & DBMS Lab 3 3 2
Heat Transfer Lab 3 3 2
9 CHE-492
10 CHE-493 Mechanical operation Lab 3 3 2
Total of Practical 14 9
Total of Semester 33 27

Semester Il
Theorey
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VALUES & ETHICS IN PROFESSION
HU301

Contracts:3L

Credits- 3

Science, Technology and Engineering as knowleddeaarSocial and Professional Activities
Effects of Technological Growth:

Rapid Technological growth and depletion of resesyé&eports of the Club of Rome. Limits of growghstainable
development

Energy Crisis: Renewable Energy Resources

Environmental degradation and pollution. Eco-frigriiechnologies. Environmental Regulations, Envinemtal
Ethics

Appropriate Technology Movement of Schumachery ld&srelopments
Technology and developing notions. Problems of fietdgy transfer, Technology assessment impact aisaly

Human Operator in Engineering projects and indestiProblems of man, machine, interaction, Imphassembly
line and automation. Human centered Technology.

Ethics of Profession:

Engineering profession: Ethical issues in Engimagpractice, Conflicts between business demandprofdssional
ideals. Social and ethical responsibilities of Trealbgists. Codes of professional ethics. Whisttenithg and beyond,
Case studies.

Profession and Human Values:

Values Crisis in contemporary society

Nature of values: Value Spectrum of a good life
Psychological values: Integrated personality; mdmalth

Societal values: The modern search for a good §o¢isstice, democracy, secularism, rule of lawuea in Indian
Constitution.

Aesthetic values: Perception and enjoyment of eaumplicity, clarity

Moral and ethical values: Nature of moral judgermpoanons of ethics; ethics of virtue; ethics ddathics of
responsibility.

Books:

1. Stephen H Unger, Controlling Technology: Ethics #re&lResponsible Engineers, John Wiley & Sons, Nerk
1994 (2° Ed)
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2. Deborah Johnson, Ethical Issues in Engineeringptide Hall, Englewood Cliffs, New Jersey 1991.
3. AN Tripathi, Human values in the Engineering Pssfen, Monograph published by IIM, Calcutta 1996.

Chemistry-2
CH(CHE)-302

Contracts:3L+!T
Credits- 4
Module |
(Chemistry for Chemical Engineering)

There shall be one compulsory objective type questi comprising 10 Nos. spread over the entire syllals and
each carrying one mark.

Two questions are to be set from each module out wfich five questions are to be answered taking d¢ast one
from each module. All questions carry equal marks

Module I: 10L
Colloids: Introduction; Classification of colloid§ize and shape; preparation of sols; Origin ofrgdan Colloidal

particles; Stability of Colloids; Kinetic, Optic#l electrical properties; Electrokinetic phenomegdectrical Double
Layer; Ultracentrifuge and Molecular weight detanation of Macromolecules.

Viscosity: Definition of viscosity of a liquid; Detmination of Viscosity; Shear Viscosity; Intrinsiiscosity;
Molecular weight from Viscosity measurement;

Surface Tension: Introduction; Origin of Surfacen3ien; Surface energy; Laplace & Young-Laplace HEqua
Capillarity; Contact Angle; Measurement of Surfd@nsion by Capillary rise method; Variation of Sué Tension of
a liquid with Temperature and Concentration.

Module II: 10L
Kinetic theory of gases, Van der Waals Equationstaite, Maxwell distribution law, vapour-liquid etjofium,

Colligative property.

Adsorption: Introduction; Gibb’s adsorption equaticGurface Excess; Adsorption isotherms: Freundligmgmuir,
BET adsorption equations; Surface Films; LangmuaitaBce; two-dimensional equation of state.

Module lIl: 10L
Introduction to quantum mechanics: Spectral shdfarkbody radiation, Planck’s equation and a emof quanta,

breakdown of the classical equipartition princighbasic postulates of quantum mechanics, Hamiltofigation &
Hamiltonian operator, important properties of a Hemian operator, Heisenberg’s uncertainty priteiBchrodinger
equation and its solution for an electron in a diteensional box where potential energy is zerodmsk infinity
outside the box. Normalization and orthogonalityref wavefunction.

General Organic Chemistry: Common organic reactiomsFriedel-Crafts, Claisen Condensation, Cannizaldol
condensation, Fischer-Tropsch;
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Preparation and synthetic application of Acetoaoesiter, Malonic ester and Grignard’s reagent;
Module IV:

10L
Aminoacids: Classification; General methods of jpragion and properties of amino acids, polypepsgathesis,

General properties of proteins, colour tests, ergsym

Li_pids, fa_ts and steroids; nucleic acid, DNA & RNAgeneration and structure; cell nutrients- machoerts,
micronutrients.

Carbohydrate: Classification, Glucose and fruct@saccharides: Sucrose, maltose, cellobiose @oirtory concept).
Revision: 5L

Text Books :

1. Physical Chemistry: G.W.Castellan, Narosa

2. Organic Chemistry: Finar; I.L. — Vol — | & Il,eArson Education

3. Organic Chemistry: Morrison & Boyd; PHI/Peardeducation.

References:

1. Physical Chemistry: P. W. Atkins: Oxford.

2. A Text book of Physical Chemistry: K. L. Kapotdtacmillan

3. A guide Book to Mechanism in Organic ChemisRgter Sykes

4. Organic Chemistry: Loudon: Oxford

Basic Environmental Engineering and Elementary Biobgy

CH(CHE)-301

L-T-P = 3-0-0

At least 30 Hrs/Sem

There shall be one compulsory objective type questi comprising 10 nos. spread over the entire syllals and

each carrying one mark. Two questions are to be sétom each module out of which five questions areot be
answered taking at least one from each module. Afjuestions carry equal marks

Module | 10L
Basics of environment

Biosphere, Atmosphere, Lithosphere, HydrospherePaubsphere

Population growth, Mathematical Models, Resourceson-renewable and renewable, concepts of Sustainab
Development.

Environmental degradation: Natural Disasters likiwoH, earthquake, Landslide, Tsunami, Cyclone. fé&ra
Management Cycle
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Man made Disasters and Hazards
Nature and scope of Environmental Science and Eegiing.

Ecology
Elements of ecology: definition: species, populatioommunity, ecosystem- Biotic and Abiotic computse Food

chain Biogeochemical cycles, Biodiversity- typed #s conservation

Module 11 10L
Air pollution and control
Primary and Secondary Pollutants, Health effect®@ated with air pollutants, threshold limits, @€nehouse effect

and its impacts ,atmospheric stability, temperatnversion Sources and effect of different air ptahts- Suspended
particulate matter, oxides of carbon, oxides afogien,oxides of sulphur, PAN. Smog, Depletion Ozenyer:

Preliminary ideas of Air Pollution Control Equipnien (ESP. cyclone separator, bag house, catalgiverter,
scrubber

Water Pollution and Control
Pollutants of water, their origin and effects: RbgsChemical, Bactriological and Biological paraprst standard
limits, ideas of determination of water pollutants

Module Il 10L

Noise Pollution: Definition of noise, effect of @i pollution, Definition of noise frequency, noigeessure, noise
intensity, noise threshold limit value, equivalentse level, Noise pollution control.

Solid Waste Management : Municipal, Industrial, Goencial, Agricultural, Domestic, biomedical , Elemiic &
Hazardous solid wastes;

Recovery and disposal method- Open dumping, Ldlifj incineration, composting and recycling.

Preliminaries of Environmental Legislation, Enviental impact assessment, Environmental Audit,

Module IV 10L

Elementary Biology

Overview of biological basics

Microbial diversity, viruses, procaryotes and eyoégs; cell division and construction, introducttoramino acids and
proteins, carbohydrates- mono and polysaccharides.

Major metabolic path ways: bio-energetics, glucostabolism-glycolysis and the TCA cycle, respinatioontrol sites
in aerobic glucose metabolism, metabolism of ni#gromus compounds and hydrocarbons; over view ofybtbssis,

anaerobic and autotrophic metabolism.

Text Books:

1. Masters, G. M., “Introduction to Environmentaidineering and Science”, Prentice-Hall of India. Rwtl.,1991.
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e
2. Shuler & Kargi, Bioprocess Engineering --- BaSimncepts, % ed. Prentice-Hall of India Pvt. Ltd.,2002

References:

1. Rao, C S, Environmental Pollution Control Engirieg, New Age International, 2002
ES-302: Energy Technology L-T-P = 3-0-0

At least 30 Hrs/Sem

There shall be one compulsory objective type questi comprising 10 Nos. spread over the entire syllais and
each carrying one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking dast one
from each module. All questions carry equal marks

Module [: 10L

Introduction: Conventional (fossil energy) and rmmventional (alternative energy) resources &resenGlobal
Energy production & consumption pattern. Produc8@onsumption pattern in India.

Solid Fuels: Biomass, Wood and Charcoal. Clasgifipa& Rank of Coal, Peat ,Lignite, Sub-Bituminousal,
Bituminous coal, Anthracite coal, Cannel &Bog headl. Physical Properties of coal, Proximate & tdiite Analysis
of Coal, Cleaning, washing & Storage of coal.

Theory of coal Pyrolysis and Carbonization: Low pemature
Carbonization(LTC),HighTemperatureCarbonization(H;Horizontal & VerticalGas Retorts, Coke Ovens-Beel&
Byproduct Slot type. Recovery of byproducts. Detafl Structural configuration and Operating pritesp

Module II: 10L

Liquid Fuels: Constitution of petroleum, theory fofmation of crude petroleum oil.Characterizatidncoude oil &
petroleum fuels. Operation and flow-sheet of crdidéllation plant.

Thermal & catalytic cracking and reforming proeesscoking, visbreaking,

Process of a typical Indian refinery. Parametens tasting logistics of petroleum products—Octane @tane no.;
Aviation fuel,Power no.; Pour point; Smoke poinhat point; Cloud point; Flash point; Fire point; ilkme point and
Diesel index.

Liquid fuel from coal: Bergius and Fischer Tropgmtocess. Other Synthetic Liquid fuels.(Benzol,sb@ashol,
power alcohol

Colloidal fuel).
Module Il 10L

Gaseous Fuels: Classification of gaseous fuel;bysiemical principles, Calorific Value, Wobbeserdand flame
speed.

Flow sheet &operation of Producer gas, Water Gasburetted water gas, oil gas, coke-oven gast hlasace gas,
Natural Gas and LPG. Coal Bed Methane.
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Bio Gas: Principles and Operation of Aerobic & Arasc digestors, Biogas generation and manageméotésheet
with special reference to waste utilization.

Module IV: 10L

Solar Energy: Devices for measurement of solar .fluRifferent types of Solar collectors (Flat
plate,parabolic,concentric&heliostat),

Utilization of Solar Energy- For room heating, wateating other industrial uses -solar Pond,
Photovoltaic cells, Chemical storage etc.

Geothermal Energy & Wind Energy: Utilization of Géwrmal Energy;Operating principles of differeypiés of Wind
Energy Mills. Energy from Ocean

Nuclear energy:Sources of Nuclear fuels,Indian adgenNuclear reactions and power generation byléuaeactors-
Breeder reactor- reaction &operation.

Text Books:

1. Fuels & Combustion: Dr. Samir Sarkar,Orient Liowags

2. Elements of Fuels. Furnace and Refractories:..Gupta

References:

1. Non conventional energy sources, G.D.Rai Khanndishers

2.Non Conventional Energy Resources, D.S. Chauharsaférivastava, New Age
International Publishers.

3. Fundamentals of Renewable Energy Systems, D. Migdand S. Chakrabarti,
New Age International Publishers

4. Fuel and Combustion: Sharma S.P. and Chanraioha

Fluid Mechanics (CHE 301)

There shall be one compulsory objective type questi comprising 10 Nos. spread over the entire syllals and
each carrying one mark.

Two questions are to be set from each module out wfich five questions are to be answered taking d¢ast one
from each module. All questions carry equal marks

Module I: 10L

Fundamental Concepts:Definition of Fluid, Continuum concept of fluid, Teinologies of fluid flow, velocity —
local, average, maximum, flow rate — mass, voluitetrelocity field; dimensionality of flow; flow igualization —
streamline, pathline, streak line, stress fieldrwobity; Newtonian fluid; Non-Newtonian fluid; Regid’s number—its
significance, laminar, transition and turbulentiffo Prandtl boundary layer, compressible and incesgible flows.

7
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Fluid Statics: Basic equation of fluid statics; pressure variationa static field; pressure measuring devices—
manometer, U-tube, inclined tube, force on subntketgmlies (straight, inclined), center of pressure.

Basic equations in integral form: Basic laws for a system; relation of system derres to the control volume
formulation; conservation of mass; continuity eduat momentum balance equation-Introduction to BaBtoke’s
and Euler’s Equation, Introduction to roationadl amotational flow, momentum correction factor.

Module II: 10L

Internal incompressible viscous flow:Introduction; flow of incompressible fluid in cirtar pipe; laminar flow for
Newtonian fluid; Hagen-Poiseullie equation; introtian to turbulent flow in a pipe-Prandtl mixingnigth; energy
consideration in pipe flow, relation between averamd maximum velocity, Bernoulli's equation—kicegnergy
correction factor; head loss; friction factor-Famiand Darcy, Moody diagram; major and minor los&ége fittings
and valves, schedule no, equivalent diameter.

Module ll: 10L

Flow measurement: Introduction; general equation for internal flow ters; Orifice meter; Venturimeter; Weirs,
concept of area meters: rotameter; Local velocigasurement: Pitot tube. Hot wire anemometer, niassrieter.

Resistance of immersed bodiedntroduction; concept of drag and lift;; variatiof drag coefficient with Reynolds
number; stream-lined body and bluff body; packed lzencept of sphericity; Ergun equation, modifigction factor.

Module IV: 10L

Fluidization: Introduction; different types of fluidization; mmium fluidization velocity; governing equation;
pneumatic conveying and other industrial uses.

Fluid moving machines: Introduction; Basic classification of pumps: Non-dhanical Pumps—acid egg, steam jet
ejector, air lift pump, Mechanical pump: Centrifugamps- cavitation, NPSH, Positive displacemennps (rotary,
piston, plunger, diaphragm pumps); pump specificgtbasic characteristics curves for centrifugahps; fan, blower
and compressor.

Revision: 5L

Text books

1) Unit operations of Chemical Engineering: McCabmijts and Harriot, TMH, & Edn.

References:

1)Introduction to Fluid Mechanics: Fox & McDonalthhn wiley

2) Fluid Mechanics, A.K. Mohanty, PHI

3) Fluidization Engineering: Kunii and Levenspiel

4) Fluid Dynamics and Heat Transfer: Knudsen and KdtzH

5) Transport Process and Unit Operations: Geankdfi€dn. PHI
6) Principles of Unit Operations: Foust and Wenzelleéyi1980

Industrial Stoichiometry (CHE 302)

There shall be one compulsory objective type questi comprising 10 Nos. spread over the entire syllais and
each carrying one mark.
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Two questions are to be set from each module out wfich five questions are to be answered taking d¢ast one
from each module. All questions carry equal marks

Module I: 10L

Units and Dimensions:, Conversion of Equations,t&ygs of Units, Dimensional Homogeneity and Dimenkiss
Quantities, Buckingham Pi-theorem for Dimensionab}ysis,

Introduction to Chemical Engineering CalculatioBgsisis, Mole Fraction and Mole Percent, Mass Fracsind Mass
Percent, Concentration of different forms, Convardrom one form to another, Roult’s Law, Henryésvl Antoine’s
Equation. Clausius Clapeyron Equation.

Mathematical Requisites: Use of log-log and sesgidraph paper, Triangular

Diagram, Graphical Differentiation and Graphicakelgration, Least Square Method, Curve Fitting, Mdthof
Regression.

Module II: 10L

Material Balance without Chemical Reaction: Materd&alance during Mixing, Humidity and Applicatioof
Psychrometric Chart, Solubility and CrystallizatioBvaporator, Distillation Column, Absorption ColamDrier,
Liquid - Liquid and Solid - Liquid Extraction Units

Module ll: 10L

Material Balance with Chemical Reaction: Single &mem, Multiple Reactions, Reactions with Recydterge and By
pass, Combustion Reaction, Calculation of ExcessMaterial Balance of Unsteady State Reactionesgst

Module IV: 10L

Energy Balance: Enthalpy calculation for systemsg{e component and multi components) without Cloai
Reaction with Mean and Temperature dependent Hagicty, Enthalpy calculation for systems with Cleah
Reactions. Heat of Reaction from Heat of Forma#ind Heat of Combustion Data, Effect of Temperatune Pressure
on Heat of Reaction, Hess’s Law, Adiabatic Flamenperature, Theoretical Flame Temperature

Energy calculation in transient condition.
Case Studies: Combined Material and Energy Balaoickslustrial Process.
.Text Books

1. Chemical Process Principles (Part [f. Ed., O. A. Hougen, K. M. Watson, and R. A. Ragdthn Wiley (Asian
Edn.).

2. Basic Principles and Calculations in ChemicajiBeering, &. Ed., D.M. Himmelblau: Prentice Hall,
References
1. Stoichiometry, & Ed., B.l.Bhatand S.M.Vora, McGraw Hill,.

2. Elementary Principles of Chemical Process@£®, R.M. Felder and R. W. Rousseau, Wiley Indiéi&n.
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PRACTICAL

CH(CHE)-392: Chemistry -2 Lab L-T-P = 0-0-3

Chemistry for Chemical Engineering Laboratory

At least six experiments are to be performed

1.

2
3
4
5.
6.
7
8
9.
1

lodometric estimation of Ctf™.

Estimation of mixed alkalies: NaOH and NaCOs.

Estimation of available chlorine in bleaching powde

Paper chromatography/TLC for separation of amino a@/sugar.
lodometric estimation of vitamin C.

Determination of surface tension of a liquid by dr@ weight method.
Estimation of saponification value of oil.

Estimation of iodine value of oil

Estimation of available oxygen in pyrolusite.

0. Estimation of amino acid by formol titration

Energy Laboratory (ES 392)

At least eight experiments are to be performed

1. Proximate analysis of Coal:

2) Determination of moisture content of Coal.

3) Determination of volatile matter and ash cont#rtoal.

4) Determination of carbon residue of fuel oil.

5) Determination of aniline point of a fuel oil.

6) Determination of moisture content of fuellmyl Dean & Stark apparatus.

7) Atmospheric Distillation of a petroleum pratu

8) Determination of Flash Point & Fire Point of @il by Abel apparatus.

9) Determination of Flash Point & Fire Point dflwy closed-cup Pensky Martin apparatus.

10) Determination of kinematic viscosity of oil Redwood Viscometer

11) Determination of calorific value of gaseousl foye Junker’s apparatus.

12) Determination of calorific value of solid aniduid fuel by Bomb Calorimeter.

13) Determination of vapour pressure of petrolewadpct using Reid apparatus.

14) Experiments on Non-conventional Energy SousieguSolar Cooker/Flat Plate

Collector/Bio Gas Reactor

15) Analysis of a gaseous mixture by Orsat apparatu

16) Determination of viscosity by Ostwald Visconrete

10
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FLUID MECHANICS LABORATORY (CHE 391)

At least eight experiments are to be performed

1. Experiments on Reynolds Apparatus for determinatibfiow regime and construction of Fanning
friction factor vs. Reynolds No. plot

2. Determination of co efficient of Discharge for Qe meter

3. Determination of co efficient of Discharge for Varitmeter
4. Determination of co-efficient of Pitot tube and straction of velocity profile across the cross gatt
of pipe.
5. Determination of co-efficient of Discharge for @ifént types of weirs.
6. Determination of pressure drop for flow through ket bed and verification of Ergun equation.
7. Experiment on fluidization techniques and dateation of
(a) Minimum fluidization velocity;
(b) Pressure drop profile
8. Determination of efficiency of a centrifugalrpp.
9. Pipe line assembling anayaut drawing with standard symbols.
10. Calibration of a Rotameter
11. Determination of viscosity ofWtonian &Non-Newtonian fluid by Falling

Sphere method

Instrumental method of analysis Laboratory (CHE 392

At least six experiments are to be performed

1) Determination of Turbidity of Water using Nephelabidity Meter.

2) Construction of standard curve (Absorbance vscentmation) of a pure protein by Folin’'s Method nggi
Spectrophotometer.

3) Determination of F& by Colorimeter Method.

4) Study of migration of proteins by electrophoresis.

5) Separation of Mixture of Lipids by Thin Layer Chratagraphy.

11
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6) Kinetic study of biochemical reaction by UV Spédnotometer.

7) Estimation of an organic mixture (benzene & tolydmeAbbe refractometer.

8) Determination of any optically active substancéhim presence of non-active species by a polarimeter
9) Demonstration of analysis of gases by gas chromapiy.

10) Demonstration of working of HPLC/FTIR.

Semester IV
Theory
M(CS)-401:
Numerical Methods
L-T-P = 2-1-0

Approximation in numerical computation: Truncation and rounding errors, Fixed and floating-point arithmetic, Propagation of
errors. (4)

Interpolation: Newton forward/backward interpolation, Lagrange’s and Newton’s divided difference Interpolation.
(5)

Numerical integration: Trapezoidal rule, Simpson’s 1/3 rule, Expression for corresponding error terms.

(3)

Numerical solution of a system of linear equations:
Gauss elimination method, Matrix inversion, LU Factorization method, Gauss-Seidel iterative method.
(6)

Numerical solution of Algebraic equation:

12
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Bisection method, Regula-Falsi method, Newton-Raphson method. (4)

Numerical solution of ordinary differential equation: Euler’s method, Runge-Kutta methods, Predictor-Corrector methods and

Finite Difference method. (6)
Text Books:
1. C.Xavier: C Language and Numerical Methods.
2. Dutta & Jana: Introductory Numerical Analysis.
3. J.B.Scarborough: Numerical Mathematical Analysis.
4. Jain, lyengar, & Jain: Numerical Methods (Problems and Solution).

References:
1. Balagurusamy: Numerical Methods, Scitech.
2. Baburam: Numerical Methods, Pearson Education.
3. N.Dutta: Computer Programming & Numerical Analysis, Universities Press.
4. Soumen Guha & Rajesh Srivastava: Numerical Methods, OUP.
5. Srimanta Pal: Numerical Methods, OUP.

Subject Name : MATHEMATICS

Code: M 402

Contacts: 3L+1T =4

Credits: 4

Note 1: The entire syllabus has been divided intatr modules.
Note 2: Structure of Question Paper
There will be two groups in the paper:

Group A: Ten questions, each of 2 marks, are to benswered out of a total of 15 questions, coveringp¢ entire
syllabus.

Group B: Five questions, each carrying 10 marks, & to be answered out of (at least) 8 questions.
Students should answer at least one question froeach module.
[At least 2 questions should be set from each bfodules Il & IV.
At least 1 question should be set from each bfodules | & lll. Sufficient
questions should be set covering the whole Isjdus for alternatives.]

Module I: Fourier Series & Fourier Transform [8L]

Topic: Fourier Series

13
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Sub-Topics: Introduction, Periodic functions: Properties, E¥e®dd functions: Properties, Special wave forms:
Square wave, Half wave Rectifier, Full wave ReetifiSaw-toothed wave, Triangular wave.

1)

Euler's Formulae for Fourier Series, Fourier Sefiedunctions of period 2 Fourier Series for functions of period 2I,
Dirichlet’s conditions, Sum of Fourier series. Exdes. (1)

Theorem for the convergence of Fourier Seriesgstant only). Fourier Series of a function withgtsiodic

extension. Half Range Fourier Series: ConstructibrHalf range Sine Series, Construction of HalfgarCosine
Series. Parseval’s identity (statement only). EXasp (2)

Topic: Fourier Transform:

Sub-Topics: Fourier Integral Theorem (statement only), Foufieansform of a function, Fourier Sine and Cosine
Integral Theorem (statement only), Fourier Cosin8ige Transforms.

Fourier, Fourier Cosine & Sine Transforms of eletagnfunctions. Q)

Properties of Fourier Transform: Linearity, ShifiirChange of scale, Modulation. Examples.
Fourier Transform of Derivatives. Examples. Q)

Convolution Theorem (statement only), Inverse adiffer Transform, Examples. (2)

Module Il : Calculus of Complex Variable [13L]
Topic: Introduction to Functions of a Complex Variable.
Sub-Topics: Complex functions, Concept of Limit, Continuity abdferentiability. Q)

Analytic functions, Cauchy-Riemann Equations (stest only). Sufficient condition for a function tee analytic.
Harmonic function and Conjugate Harmonic functieiated problems. (1)

Construction of Analytic functions: Milne Thomsorethod, related problems (1)
Topic: Complex Integration.

Sub-Topics: Concept of simple curve, closed curve, smooth cére@ntour. Some elementary properties of complex
Integrals. Line integrals along a piecewise smaotive. Examples.  (2)

Cauchy’s theorem (statement only). Cauchy-Goutsairem (statement only). Examples. (1)

Cauchy’s integral formula, Cauchy’s integral foraubr the derivative of an analytic function, Cayshintegral
formula for the successive derivatives of an amafynction. Examples.  (2)

Taylor's series, Laurent’s series. Examples (D)

Topic: Zeros and Singularities of an Analytic Funcion & Residue Theorem.

Sub-Topics: Zero of an Analytic function, order of zero, Singpities of an analytic function. Isolated and nsokated
singularity, essential singularities. Poles: simpbée, pole of order m.

Examples on determination of singularities andrtheture. (1)
14
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Residue, Cauchy’s Residue theorem (statement gmighlems on finding the residue of a given funttievaluation

o] i 2

of definite integrals:j wdx ,I do . ,[ﬁ I:)(Z)dz (elementary cases, P(z) & Q(z) are
0 X ° a+bcosf+csid < Q)

polynomials of ¥ order or less). (2)

Topic: Introduction to Conformal Mapping.

Sub-Topics: Concept of transformation from z-plane to w-pla@ancept of Conformal Mapping. Idea of some
standard  transformations. Bilinear  Transformation nd a determination of its fixed point.

1)

Module IlI: Probability [8L]
Topic: Basic Probability Theory

Sub-Topics: Classical definition and its limitations. Axiomatiefinition.
Some elementary deduction: i) P(O)=0, igR§A)<1, iii) P(A)=1-P(A) etc. where the symbols haveeir usual
meanings. Frequency interpretation of probability. 1)

Addition rule for 2 events (proof) & its extensimmore than 2 events (statement only). Relatedlgnas.
Conditional probability & Independent events. Extien to more than 2 events (pairwise & mutual ireeence).
Multiplication Rule. Examples. Baye's theorem (staent only) and related problems.

®3)
Topic: Random Variable & Probability Distributions. Expectation.
Sub-Topics: Definition of random variable. Continuous and déterrandom variables. Probability density functon

probability mass function for single variable onBistribution function and its properties (withqutoof). Examples.
Definitions of Expectation & Variance, properties & examples.

(@)

Some important discrete distributions: Binomial &$3on distributions and related problems.
Some important continuous distributions: UniformxpBnential, Normal distributions and related profde

Determination of Mean & Variance for Binomial, Pai® & Uniform distributions only.

(@)

Module IV: Partial Differential Equation (PDE) and Series solution of

Ordinary Differential Equation (ODE) [13L]

Topic: Basic concepts of PDE.

Sub-Topics: Origin of PDE, its order and degree, concept ofitsmh in PDE. Introduction to different methods of
solution: Separation of variables, Laplace & Fautiansform methods. (1)

Topic: Solution of Initial Value & Boundary Value PDE's by Separation of variables, Laplace & Fourier
transform methods.
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Sub-Topics:

PDE I: One dimensional Wave equation. (2)
PDE II: One dimensional Heat equation. (2)
PDE Ill: Two dimensional Laplace equation. 2)

Topic: Introduction to series solution of ODE.

Sub-Topics: Validity of the series solution of an ordinarfferential equation.
General method to solve B'+P; y'+P, y=0 and related problems. 2

Topic: Bessel's equation.

Sub-Topics: Series solution, Bessel function, recurrence @hatiof Bessel's
Function of first kind. (2)

Topic: Legendre’s equation.

Sub-Topics:  Series solution, Legendre function, recurremtations and
orthogonality relation. (2)

TOTAL LECTURES: 42
Text Books:

Brown J.W and Churchill R.V: Complex Variables alblications, McGraw-Hill.
Das N.G.: Statistical Methods, TMH.

Grewal B S: Higher Engineering Mathematics, KhaRnalishers.

James G.: Advanced Modern Engineering Mathemda®iearson Education.
Lipschutz S., and Lipson M.L.: Probability (Schasi®utline Series), TMH.

agrONE

References:

Bhamra K. S.: Partial Differential Equations: Aroductory treatment with applications, PHI
Dutta Debashis: Textbook of Engineering Mathematiteswv Age International Publishers.
Kreyzig E.: Advanced Engineering Mathematics, Jéfiley and Sons.

Potter M.C, Goldberg J.L and Aboufadel E.F.: Adwth&ngineering Mathematics, OUP.
Ramana B.V.: Higher Engineering Mathematics, TMH.

Spiegel M.R. , Lipschutz S., John J.S., and Spellba : Complex Variables, TMH.

ogkrwpE

Data Structure and Database concept (CHE 401)

There shall be one compulsory objective type quesh comprising 10 Nos. spread over the entire sylaus and
each carrying one mark.
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Two questions are to be set from each module out wfich five questions are to be answered taking d¢ast one
from each module. All questions carry equal marks

Module I: 10L

Linear Data structures: Sequential Representafioays, Lists, Stacks, Queues, Circular Queue, Deuq
Linked List Representations: Linear Linked ListraTilar Linked List, Doubly Linked List and their fApcation.
Recursion: Design of Recursive algorithm, Tail Re@n

Module II': 10L

Non-Linear Data Structures:

Trees : Binary Trees, Traversals, Threads, Binagr& Trees- Insertion and Deletion algorithms, AMEe
(Definition and basic concepts)

Graphs: Breadth First Search (BFS) and Depth Bestrch (DFS).
Sorting and Searching:

Sorting Algorithms: Bubble sort, Insertion sort)e&xion sort, Quick sort.
Searching Algorithms: Linear search, Binary search.

Module IIl : 10L

Database Concepts:

Introduction: File Processing System and Databgstes ,Concept Architecture, Data Model, schemastainces,
Data Independence, Database User, Database Admiaist

Entity Relational Model: Basic Concepts, Entity-&@&nship Diagram, Keys, Weak Entity Set, Geneasilitn and
Specialization

Introduction to relational algebra
Module 1V:10L
Database Language: Introduction to SQL: DDL, DML.

Relational Database Design: Functional Dependenbiéerent anomalies in database designing, Nozatbn: 1NF,
2NF, 3NFand BCNF, Lossless-Join Decomposition aepgdbddency Preservation.

Text Books:
Data Structure:
1. Kruse Robert L., Robert Kruse, Cl Tondo., “DatauStures and Program Design in C”, Pearson

2. Aho Alfred V., Hopcroft John E., Ullman Jeffrey DData Structures and Algorithms”, Addison Wesley

Database Concepts:
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1. Henry F. Korth and Silberschatz Abraham, “Datat#gstem Concepts”, Mc.Graw Hill.
2. Elmasri Ramez and Novathe Shamkant, “Fundament@sitabase Systems”, Benjamin Cummings
Publishing. Company.
References:

Data Structure:
Tanenbaum A. S. , “Data Structures using ‘C’”

Horowitz Ellis & Sartaj Sahani , “Fundamentals dtB Structures” , Galgotria Pub.

Database Concepts:

Date C. J., “Introduction to Database Managemaértl, I, Il, Ill, Addison Wesley.

Process Heat Transfer (CHE 402)

There shall be one compulsory objective type questi comprising 10 Nos. spread over the entire syllails and
each carrying one mark.

Two questions are to be set from each module out wfich five questions are to be answered taking d¢ast one
from each module. All questions carry equal marks.

Module | 10L

Basic modes of heat transfer; Heat transfer by gotimh: One dimensional steady state heat conducEourier’s
Law, Thermal conductivity, Compound resistance émies; Steady state heat transfer analysis thraugénded
surface; Unsteady state heat conduction with anbowt heat generation, Concept of thermal diffugivConcept of
heat transfer coefficient in convective-conductsystem, Critical thickness of insulation; One disienal unsteady
state heat conduction- semi infinite solid: Lumggdtem analysis; Use of transient — temperaturgha

Module II 10L

Heat transfer by convection: Convection heat temsfechanism; Forced convection in systems of sirgpbmetrics
(plate, cylinder etc.), Thermal boundary layer; i@tation for heat transfer coefficient: internadvil & external flow,
Momentum & heat transfer analogies.

Free convection: concept; Analysis of free conwectn hot vertical plate, Corrections of free cocti@n over simple
cylinder, sphere etc.

Module Il 10L

Heat transfer of fluids with phase change: Intraiunc Dropwise and film-type condensation; Film densation on
vertical surface, Nusselt equation; Condensatioisid® horizontal and vertical tube bank; Heat tianso boiling
liquid, Analysis of boiling curve, Nucleate boilimyechanism.
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Radiation heat transfer: Introduction; Black boddiation, Plank’s distribution law, Monochromatimigsive power;
Wein’s displacement law; Kirchoff's Law; Emissivigf Solids, Concept of gray body; Radiation betwsarfaces,
Concept of View Factor, Radiation shield; Absarptand emission in a gaseous medium.

Module IV 10L

Heat Exchanger: Classification; Construction oflished tube heat exchanger; LMTD, LMTD correcti@ttor, Dirt
factor, Individual and overall heat transfer cagéint; Design procedure of shell and tube heataxgér.

Evaporation: Classification; Capacity, Steam ecaoyioBoiling point elevation (Duhring rule); Materiand energy
balance of single effect evaporator; Design prooedf single effect evaporator; Introduction to tiplé effect
evaporator: Forward feed, Backward feed, Mixed fé&xtallel feed.

Revision: 5L
Text Books
1. Process Heat Transfer: D. Q. Kern, MGH
2. Heat Transfer Principles and Application, B. K. @ytPHI.

3. Units Operations of Chemical Engineering: McCab8m®&ith and Harriot, MGH
References

1.Heat Transfer — A Basic Approach: M. Necati QziscGraw-Hill International Edition, Singapore.

Mechanical Operations (CHE 403)

There shall be one compulsory objective type questi comprising 10 Nos. spread over the entire syllals and
each carrying one mark.

Two questions are to be set from each module out wfich five questions are to be answered taking d¢ast one
from each module. All questions carry equal marks.

Module 1 : 10L

Particulate solids : Characterization of solid particles, particleagh, particle size, mixed particle sizes and size
analysis, specific surface of mixture, averageiglarsize.

Screen analysis Type of screens, ideal screen, real screenes@#ective ness, differential and cumulative gsial
screen capacity.

Screening equipment stationary screens and grizzlies, gyrating s@geibrating screens and other industrial screens
like trammels etc.

Transportation and storage of solids: Studies on design, performance and operatiadiftefrent conveyor systems
like Belt, Screw, Apron, Flight, pneumatic conveyord elevators; Storage of solids and dischargernparom storage
bin, theory and measurement of granular solid flloseugh orifice.

Module 2 : 10L

Comminution of solids (Size Reduction) Factors affecting comminution, comminution lawsicks law, Rittinger’'s
law and Bond'’s law and their limitations. Crushificiency & power consumption.
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Size reduction equipments Primary crusher — Jaw crusher, Gyratory crusherpaary crusher — Roll crusher (both
smooth roll & toothed roll) its selection and caipacGrinder — Construction and operation of Hammn, Ball mill,
Rod mill, Attrition mill, Agitated mill and their @terials suitability, Ultra-fine grinder — Fluid emgy mill, Cutting
machines: knife cutters, Close circuit and Opecouiiroperation.

Module 3 : 10L

Separation based on particle Mechanics through ligids : Free settling andHinderd settling, Stock’s law &
Newton’s law regimes of settling, Gravity settlipgocesses, gravity classifiers, sorting classifisiak-and-float
methods, differential settling methods. Clarifieed thickeners, flocculation, batch sedimentatioate of
sedimentation. Equipment for sedimentation: thiegken Clarifier and thickener design, sedimentatmmmes in
continuous thickeners. Cyclones, hydrocyclonestrifegal decanters.

Mixing : Units and dimensions, dimensional analysis: Budkamg's theorem, Principles of agitation, agitation
equipment, flow patterns: prevention of swirlinghex, draft tubes, Standard turbine design, powsrsamption,
power correlation, significance of dimensionlessugs, effect of system geometry, calculation of @oeonsumption
in Newtonian liquids. Solid-solid mixing equipmeMixing effectiveness and Mixing index. Agitatoradeup.

Froth Flotation : Theory, operation, types, Flotation agents, Flotatells.
Module 4 : 10L

Theory and principle of solid liquid filtration, ke filters, discontinuous pressure filter: prineigind working of filter

press, compressible and incompressible filter gale=r-medium resistance, constant pressureafiltin, constant rate
filtration, principles of cake filtration, pressudeop through filter cake, cake washing and filtmtcycle, continuous
vacuum filter: principle and working of rotary druitters, centrifugal filter: theory & working praiple of centrifugal

filters, filter media, filter aids, Filtration ofodid from gas — bag filter.

Text books
1. McCabe, W.L, Smith J.C and Harriot, P., “Unit Og@mas in Chemical Engineering”, McGraw-Hill, Fourth
Edition, 1984.
2. Coulson, J.M., Richardson, J.F., “Chemical Engimegr Volume 2, Third Edition, Pergamon Press, 1977
References
1. Badger and Bencharo, “ Introduction to @teal Engineering”. TMH,

2. Narayanan C.M.& Bhattacharya B.C. “Mechanicatantions for chemical engineers”, Khanna.

3. R.S.Hiremath & A.Kulkarni. Mechanical OperationsI¥o

PRACTICAL
Technical Report Writing & Language Lab Practice
HU-481:
L-T-P = 0-0-3
Cr-2

Guidelines for Course Execution:
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Obijectives of this Course: This course has been dgsed:
1. Toinculcate a sense of confidence in the students.
2. To help them become good communicators both socialand professionally.

3. To assist them to enhance their power of Technic&ommunication.

Detailed Course Outlines:

A. Technical Report Writing: 2L+6P

1. Report Types (Organizational / Commercial / BusineBroject )
2.  Report Format & Organization of Writing Materials

3. Report Writing (Practice Sessions & Workshops)

B. Language Laboratory Practice

I. Introductory Lecture to help the students getckear idea of Technical Communication & the neé®f Language
Laboratory

Practice Sessions 2L

2. Conversation Practice Sessions: (To bealas real life interactions)
2L+4P

a) Training the students by using Language LBlevice/Recommended Texts/cassettes /cd’s to gatlitstening
Skill & Speaking Skill honed

b) Introducing Role Play & honing over all Comuamicative Competence
3. Group Discussion Sessions: 2L+6P
a) Teaching Strategies of Group Discussion
b) Introducing Different Models & Topics of Groupiscussion
¢) Exploring Live /Recorded B Sessions for mending students’ attitude/approafior taking remedial measure
Interview Sessions; 2L+6P

a) Training students to face Job Interviews confidepthnd successfully
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b) Arranging Mock Interviews and Practice Sessiohs fiotegrating Listening Skill with Speaking Skilh a
formal situation for effective communication

4. Presentation: 2L+6P
a) Teaching Presentation as a skill
b) Strategies and Standard Practices of Individualr&&p Presentation

c) Media & Means of Presentation: OHP/POWER POINT/ Ggh Audio-Visual Aids

5. Competitive Examination: 2L+2P
a) Making the students aware of Provincial /Nationaiternational Competitive Examinations
b) Strategies/Tactics for success in Competitive Exaations

c) SWOT Analysis and its Application in fixing Target

Books — Recommended:
Nira Konar: English Language Laboratory: A Comphensive Manual
PHI Learning, 2011
D. Sudharani: Advanced Manual for Communicatidraboratories &
Technical Report Writing
Pearson Edtioa (W.B. edition), 2011
References:
Adrian Duff et. al. (ed.): Cambridge Skill®f Fluency
A) Speaking (Levels 1-4 Audio Cassettes/Handbooks)
B) Listening (Levels 1-4 Audio Cassettes/Handbooks)
Cambridge Maisity Press 1998
Mark Hancock:  English Pronunciation in e

4 Audiassettes/CD’S OUP 2004

Numerical Methods Lab

22



Syllabus for B.Tech(Chemical Engineering) Second Year

& 3" Year (Proposed)
Revised Syllabus of B.Tech CHE (for the students who were admitted in Academic Session 2010-2011)

WEST BENGAL
BNIFIZRI O HERRH B4

M(CS)-491 :
L-T-P = 0-0-2

Assignments on Newton forward /backward, Lagrange’s interpolation.

Assignments on numerical integration using Trapezoidal rule, Simpson’s 1/3 rule, Weddle’s rule.

Assignments on numerical solution of a system of linear equations using Gauss elimination and Gauss-Seidel iterations.
Assignments on numerical solution of Algebraic Equation by Regular-falsi and Newton Raphson methods.

Assignments on ordinary differential equation: Euler’s and Runga-Kutta methods.

A T o

Introduction to Software Packages: Matlab / Scilab / Labview / Mathematica.

Data Structure and DBMS Laboratory (CHE 491)
Experiments on Data Structures:
Stacks and Queues: adding, deleting elements asiaygs
Linked lists: Insertion, Deletion ,Implementatiohstacks & queues using linked lists.
Recursive and Non-recursive traversal of Trees
Binary Search tree-Insertion & Deletion
Searching :Linear and Binary
Sorting: Bubble, Insertion, Selection
Graph: Adjacency List and Linked Representation
Experiments on Database on RDBMS Platform (Oracle):
DDL Commands: Create Table (including constraimidfgr Table.
DML: Insert, Update, Delete
Query: Using GROUP BY , ORDER BY Clause in quenin]Outer Join, Sub-Queries

Heat Transfer Laboratory (CHE 492)

At least eight experiments are to be performed
1. Determination of thermal conductivity of a metat baing Fourier's equation.

2. Calculation of heat loss through a lagged pipé determination of thermal conductivity of a giversulating
material.

3. Determination of thermal conductivity of inatihg powder in a spherical vessel.
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4. Determination of heat transfer coefficientairfin forced convection and to study the effecvelocities on heat
transfer coefficient.

5. Determination of over all heat transfer coédfit in a Counter current & Parallel flow doubipgheat exchanger.
6. Determination of over all heat transfer coédiit and efficiency of a Shell and Tube  teathanger.

7. Determination of emissivity of an unknownfage for a given apparatus.

8. Determination of Stefan’s Boltzman constanhgdirom temperature vs. time plot.

9. Determination of economy , capacity and ovéradt transfer coefficient of a single effect ewagtor.

10. Determination of Biot number for unsteadyestatat conduction.
11. Determination of over-all heat transfer coaént in film-wise & drop-wise
condensation.

Mechanical Operations Laboratory (CHE 493)

At least eight experiments are to be performed

LIST OF EXPERIMENTS:

(1) Sieve Analysis:To analyze a given powder for its particle sizariistion. / Cumulative and Differential methods
of particle size distributions.

(2) Screen EffectivenessTo find out screen efficiency through a suitabiaterial balance with respect to a single
screen.

(3) Jaw Crusher: To find out the reduction ratio and capacity and tofyehe laws of crushing.

(4) Ball Mill: To determine the optimum speed for maximum newaserfirea created for the given feed size and also
determines the critical speed of the ball mill.

(5) Hammer Mill : Tofind out the reduction ratio and capacity and tofyehe laws of crushing.
(6) Drop weight crusher. To verify Rittinger’s law.

(7) Batch sedimentation: To determine the settling and sedimentation charatics of given slurry and to calculate
the area of the continuous thickener.

(8) Froth Flotation: To study the effect of different frothing agentlie recovery of given sample during flotation.

(9) Filtration: To determine the specific cake resistance and fittedium resistance in the given plate and frame
filtration.

(10)Mixing: To determine the power number and power consumjiioa given liquid in an agitated vessel.

(11) Cyclone Separator Demonstration of the operation of a cyclone safmarand determination of its overall
efficiency
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mme=h
CHE Proposed 3" Year Syllabus
B.Tech(CHE)
>  B.Tech. 3” Year, 5" Semester :—
< Theory
Sl. No. Field Code Paper Name Contact Hour Credit
T P Total Point
1 Humanities HU 501 Economics for Engineers 0 0 3 3
Professional Core X
2 (PC) ChE 501 Separation Process - | 1 0 4 4
3 PC ChE 502 Chemical Reaction Engineering 1 0 4 4
Chem. Process
4 PC ChE 503 0 0 3 3
Technology |
ChE 504A, EE Electrical Machines
5 Free Elective 0 0 3 3
ChE 504B, ME Machine Design
«*  Practical
Sl. No. Field Code Paper Name Contact Hour Credit
T P Total Point
6 PC ChE 591 Mass Transfer Laboratory 0 3 3 2
7 PC ChE 592 Reaction Engineering Laboratory 0 3 3 2
8 pC ChE 593 Process Equipment Design & Drawing - | 0 3 3 5
Laboratory
Electrical Machine Laboratory
ChE594A, EE
9 FE 0 3 3 2
Machine Design Laboratory
ChE594B, ME
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>  B.Tech. 3" Year, 6" Semester :—

< Theory
Sl. No. Field Code Paper Name Contact Hour Credit
L T P Total Point
1 Humanities HU 601 Principles of Management 2 0 0 2 2
Professional Core X
2 (PC) ChE 601 Separation Process - Il 3 1 0 4 4
3 PC ChE 602 Chemical Engineering Thermodynamics 3 1 0 4 4
Chem. Process
4 PC ChE 603 3 0 0 3 3
Technology Il
ChE 604A Advanced Separation Process
Professional Elective
5 (PE) 3 0 0 3 3
ChE 604B Project Engineering
ChE 605A Environmental Engineering
6 Free Elective 3 0 0 3 3
ChE 605B Industrial Safety & Hazard Analysis
% Practical
Sl. No. Field Code Paper Name Contact Hour Credit
L T P Total Point
2 pC ChE 691 Process Equipment Design & Drawing - 0 0 3 3 5
Il Laboratory
8 PC ChE 692 Feasibility Analysis 0 0 3 3 2
ChE 693A Environmental Engineering Laboratory
0
9 PE 0 3 3 2
ChE 693B Engineering Drawing Laboratory
10 ChE 694 Seminar 0 0 3 3 2
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B. Tech. 4" Year, 7" Ssemester :—

<  Theory

Sl. No. Field Code Paper Name Contact Hour Credit
L T P Total Point
Professional Core
1 (PC) ChE 701 Transport Phenomena 3 1 0 4 4
2 PC ChE 702 Instrumentation & Process Control 3 1 0 4 4
Material Science & Material of
ChE 703A ]
Construction
Professional Elective -
3 (PE) ChE 703B Petrochemical Technology 3 0 0 3 3
PE
Bio Technology & Biochemical
ChE 703C S
Engineering
Numerical Methods in Chemical
ChE 704A Encineer
4 | PE ngineering 3 0 0 3 3
ChE 704B Ceramic Technology
ChE 705A Total Quality Management
5 Free Elective 3 0 0 3 3
ChE 705B Operation Research
«  Practical
Sl. No. Field Code Paper Name Contact Hour Credit
L T P Total Point
6 HU HU 791 Group Discussion 0 0 3 3 2
7 PC ChE 791 Process Control Laboratory 0 0 3 3 2
ChE 792A Biotechnology Laboratory
8 PE 0 0 3 3 2
ChE 792B Numerical Computation Laboratory
ChE 793A Total Quality Management Laboratory
9 FE 0 0 3 3 2
ChE 793B Operation Research Laboratory
10 PC ChE 794 Industrial Training 2
11 PC ChE 795 Project Work | 0 0 6 6 2
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>  B.Tech. 4" Year, 8" Semester :—
< Theory
Sl. No. Field Code Paper Name Contact Hour Credit
T P Total Point
HU 801A Organizational Behavior /
1 Humanities 0 0 2 2
HU801B Project Management
ChE 801A Modeling Simulation & Optimization
Professional Elective
2 (PE) 1 0 4 4
ChE 801B Reactor Design And Analysis
ChE 802A Nanotechnology
3 Free Elective 0 0 3 3
ChE 802B Polymer Science & Engineering
< Practical
Sl. No. Field Code Paper Name Contact Hour Credit
T P Total Point
Professional Core X
4 ChE 891 Plant Design 0 6 6 4
(PC)
5 PC ChE 892 Project Work Il 0 12 12 6
6 ChE 893 Grand Viva 3
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5™, Semester

Theory
Economics for Engineers
HU-501
Contracts: 3L
Credits- 3

1. Economic Decisions Making — Overview, ProbleRsle, Decision making process.

2. Engineering Costs & Estimation — Fixed, Variafgrginal & Average Costs, Sunk Costs, Opportunityt§oRecurring And
Nonrecurring Costs, Incremental Costs, Cash Costs vk Bosts, Life-Cycle Costs; Types Of Estimate, EstintgaModels - Per-
Unit Model, Segmenting Model, Cost Indexes, Poweirgi Model, Improvement & Learning Curve, Benefits.

3. Cash Flow, Interest and Equivalence: Cash Flowiagfms, Categories & Computation, Time Value Of Monbebt
repayment, Nominal & Effective Interest.

4. Present Worth Analysis : End-Of-Year Conventigigewpoint Of Economic Analysis Studies, Borrowed MgnViewpoint,
Effect Of Inflation & Deflation, Taxes, Economic @nia, Applying Present Worth Techniques, Multipléernatives.

5. Cash Flow & Rate Of Return Analysis — Calculatiohsgatment of Salvage Value, Annual Cash Flow Arng)y8nalysis
Periods; Internal Rate Of Return, Calculating Rate GfufRe Incremental Analysis; Best Alternative Chogsiin Analysis
Method, Future Worth Analysis, Benefit-Cost Ratio Amiséd, Sensitivity And Breakeven Analysis. Economioalysis In The
Public Sector - Quantifying And Valuing Benefits &asvbacks.

6: Uncertainty In Future Events - Estimates AndiThise In Economic Analysis, Range Of EstimatespRbility, Joint Probability
Distributions, Expected Value, Economic Decisioeds, Risk, Risk vs Return, Simulation, Real Options.

7. Depreciation - Basic Aspects, Deterioration & @escence, Depreciation And Expenses, Types OfédPgpDepreciation
Calculation Fundamentals, Depreciation And Capitalowénce Methods, Straight-Line Depreciation Dedii Balance
Depreciation, Common Elements Of Tax Regulationsragreciation And Capital Allowances.

8. Replacement Analysis - Replacement Analysis $d@tiMap, Minimum Cost Life Of A New Asset, Marginabst, Minimum
Cost Life Problems.

9. Inflation And Price Change — Definition, Effec&auses, Price Change With Indexes, Types of Indexip@site vs Commodity
Indexes, Use of Price Indexes In Engineering Ecaodmalysis, Cash Flows that inflate at different &&at

10. Accounting — Function, Balance Sheet, Incom¢e8tant, Financial Ratios Capital Transactions, CosbAnting, Direct and
Indirect Costs, Indirect Cost Allocation.

Readings

1. James L.Riggs,David D. Bedworth, Sabah U. Randh&ganomics for Engineers 4e , Tata McGraw-Hill
2. Donald Newnan, Ted Eschembach, Jerome LavElgineering Economics Analysis, OUP

3. John A. White, Kenneth E.Case,David B.Pratindjple of Engineering Economic Analysis, John Wile

4. Sullivan and Wicks: Engineering Economy, Paars

5. R.Paneer Seelvan: Engineering Economics, PHI

6. Michael R Lindeburg : Engineering Economics Wais, Professional Pub
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Chemical Engineéring (ChE 501)

Separation Processes - |

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module-I

10L
Principles of molecular diffusion and diffusion tween phases, Fick's Law, Diffusivity, Equation ohtinuity, Diffusion in solids,
Knudsen diffusion. A definition of Mass transfereéficient, other definitions of mass transfer cagéint, Correlation involving
mass transfer coefficients, Theories of mass teandflass transfer across interfaces, Two-resistaéineery, Analogy between
momentum, heat and mass transfer, Concept of staggmocesses.

Module-lI

10L
Introduction to absorption, The mechanism of absonp Absorption equipment, Limiting gas-liquid i@t Flooding, loading in
packed column, Diameter and height calculationgpfmked columns, H. E. T. P.,, H. T. U. and NUTconcepts, Packed tower
design, Gas film coefficient, Liquid film coeffemt, Height of column based on overall coefficieRate type towers, Absorption
factor, Number of plates by use of absorption fadfoemser equation.

Module-lll

0L
Introduction to distillation , Vapor -liquid equiliia, Relative volatility, Ideal and non -ideal sidms, Batch Distillation, Rayleigh
equation, Flash distillation, Steam distillation, cRiécation of binary systems, Enthalpy- conceritrat diagram, Design of
rectification column, Calculation of number of pktie a distillation column by Mc Cabe-Thiele methad Ponchon -Savarit
method, Optimum reflux ratio, Plate efficiency.

Module-IV
a. Distillation Column internals and sizing, Aze@i®& Extractive distillation, Multicomponent difitition. 5L

b. Adsorption: Introduction, Nature of adsorbeBatch adsorption, Adsorption isotherms, Adsorptiqunigment, Breakthrough
curves, Scale up, Length of unused bed, Desigixed bed adsorption column. 5L

Text Books :

1. Mass Transfer Operations: Robert E. Treybal, M{Bkernational Student Edition.

2. Principles of Mass Transfer and Separationéases, Binay K. Dutta

3. Unit Operations in Chemical Engineering : McC&mjth, and Harriot. MGH,
Sixth Edn.

References:

1. Transport process and Unit Operations: Geaigkd§fl Edn., PHI.

2. Multicomponent Distillation: Holland, C. D., PHI.

3. The Elements of Fractional Distillation: Robins@n S. and Gilliland, E. R.

MGH.

. Mass Transfer: Sherwood, Pigford, and Wilke, MGH

. Separation Processes: King, C. J. MGH.

. Design of Equilibrium Stage Processes: Smitti) BMGH.

. Distillation: van Winkle, M., MGH.

~N o o b~
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Chemical Engineering
Chemical Reaction Engineering (ChE 502)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module I: 10L

Introduction; Definition of reaction rate;

Kinetics of homogeneous reaction: Concentration-deget term of a rate equation, single and multipéetions, rate equation
from given mechanisms.

Elementary & Nonelementary reactions, Moleculaaitgl order of reaction, Representation of reactite, Kinetics for non
elementary reactions, related problems, Temperatependent term of a rate equation: Arrhenius Gellision theory, Transition-
state Theory, related problems;

Interpretation of batch reactor data: Constant-vellnatch reactor, Integral method of analysis od.daeneral Procedure,
Irreversible unimolecular-type first-order reactidmeversible bimolecular-type second-order reandj rate equation for enzymatic
reaction, Zero-order reactions, Over-all order@hiersible reactions from the Half-life methodtiad rate method of analysis.

Irreversible Reactions in parallel, Autocatalytiacgons, Irreversible reactions in series, FirsteoReversible Reactions,
Differential method of Analysis of data: Analysitbe Complete Rate Equation, Partial analysis & egfuation,

Variable-Volume reaction system: Its Integral metlod analysis for Zero-order reactions, First ondrction, Second-order
reactions;

Module 11: 10L

Single ideal Reactors: Introduction; Basic divisidrideal reactors, Ideal Batch Reactor,

Concept of flow reactors, Space-time and Space-igjoc

Steady-state Mixed Flow Reactor: Design EquatiompBical Representation of Design Equation, relatetlpm;
Steady-state Plug Flow Reactor: Design equatiomphical representation, related problem;,

Design for Single Reactions: Size and comparisasingfle reactors: Batch Reactor, PFR, MFR, Genergblizal Comparison;

Multiple-Reactor Systems: PFRs in Series and/or mlled Equal-size MFRs in Series, MFRs of differsizies in Series,
Determining the best size combination of reactpe §br a given combination, Reactors of Differenp@y in Series,

Recycle Reactor: Definition of Recycle Ratio, Desigu&tion, and Optimum Recycle ratio.
Module 11I; 10L

Design for Multiple Reactions: Introduction, Reactan Parallel, Qualitative aspects of Product Distion,
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Quantitative Treatment of Product Distribution aridReactor Sizé: Definition of Instantaneous andr@Véractional yield,
graphical representation; Reactions in Series: SsoeeFirst-Order Reactions, Product Distributionafititative Treatment of
PFR, MFR and Batch Reactor.

Solid-Catalyzed Reaction: Introduction; Basic ideaathlysis, Catalyst properties, Steps in catalg#ction:
Qualitative discussion on Pore Diffusion, Adsorpti§urface reaction and Desorption, Concept of Rateéng step;

Design of reactors for gas-solid reactions: Designation and data analysis of heterogeneous sy§eamtitative aspects of Pore
diffusion controlled reactions (single cylindrigadre, first-order reaction): Material balance foe lementary slice of catalyst pore,
Definition of Thiele Modulus and Effectiveness Fact

Fluid-Particle Reactions: Introduction; Differenthaior of reacting solid particles; Selection dfladel; Qualitative discussion on
Progressive Conversion Model & Unreacted Core Model;

Introduction to non isothermal reactions: adiabatid temperature programmed reactions.
Module IV: 10L
Distribution of Residence Times for Chemical React@Gmneral Characteristics; Residence-Time DistrilnuRTD) Function;

Measurement of the RTD: Pulse Input; Related prokl&@haracteristics of RTD: Integral Relationships, MBasidence Time,
Different Moments of RTD; RTD in Ideal Reactor: RTDBatch and PFR, Single CSTR, PFR/CSTR series RTD;  Concept
of Macromixing & Micromixing, Zero Parameter Mod&egregation Model & Maximum Mixedness Model.

Models for Nonideal Reactors: Introduction; One-Rager Models: Tanks in Series Model, Dispersion MoBasic Formulation,
Definition of Peclet Number & Vessel Dispersion Gmiéént, Boundary Conditions (Closed-Closed & Open-®@p€orrection for
Sloppy Tracer Input, Relation between Flow, Reacdio Dispersion.

Text Books :

1. Elements of Chemical Reaction Engineerifly,Edition, H. Scott Fogler, Prentice Halll

2. Chemical Reaction Engineering®.2 3". editions, O Levenspiel.: Wiley Eastern Ltd.

References

1. Chemical Reactor Analysis and Design Fundameritals, Rawlings and J. G. Ekerdt. Nob
Hill Publishing.

2. Chemical Engineering Kinetics®3Edition, J.M. Smith, MGH.

3. Chemical Engineering Kinetics and Reactor Desiy@,. Hill, Wiley

4. The Engineering of Chemical Reactiorl¥, Edition, L. D. Schmidt, Oxford

5. Experiments in Catalytic Reaction Engineeringy.Berty, Elsevier.
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Chemical Engineering
Chemical Process Technology — | (ChE 503)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module 1: 10 L

Water treatment: Water for the chemical process industry, Boiler feeder, Cooling tower water, Demineralised watelinking
water; Treatment methodology: lon-exchange, Memibtanhnology etc.

Chlor-alkali industries: Production and consumption pattern, manufactur€hdbrine-caustic soda: Raw materials, principles of
manufacture, Mercury-cathode & Membrane processy-8heet and sequence of operation, other proceadeancement of
process technology and major engineering probleses.

Soda-ash: Production and consumption pattern, Raw materiatdyey process Physico-chemical principles of maciufe,
carbonation and ammonia recovery step, flow-shegtsaquence of operation, other processes, advanteiprocess technology
and modified Solvey process, major engineering lprab, uses.

Module Il : 10 L
Industrial Acids:

Hydrochloric Acid: Raw materials, principles of manufacture, flow-dheed sequence of operation, major engineeringl@nad)
uses.

sulfuric acid: sulfuric acid production process, Contact procBéysico-chemical principles and general theorgarftact reaction
with thermodynamic and reaction engineering aspetlifierent types of catalyst — preparation metHogyp and relative merits,
flow-sheet and sequence of operation, details gbmequipments, advancement of process technologly naajor engineering
problems, DCDA process, uses.

Nitric Acid: Raw materials,Ostwald Process —physico-chemicakiplies, catalyst, process flow sheet and sequehogeration,
details of major equipments, uses.

Phosphoric Acid: Raw materials, manufacturing process with process fiheet, details of major equipments, uses.
Module IlI: 10 L

Fertilizer Industries:

Nitrogenous_fertilizers:

Ammonia- Source of hydrogen; methods of obtaining hydrogemfdifferent sources, source of nitrogen-liqueataciof air and
distillation of liquid air.

Synthesis of ammonia- physico chemical principlestalyst for synthesis of ammonia, process floweshand sequence of
operation, details of major equipments.

Urea - Raw materials, manufacturing process with flow shesjuence of operation, major equipments details.
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Ammonium sulphate: Rawmaterials, manufacturing process with flow she@jor equipments details.

Phosphatic fertilizers Manufacturing process of super phosphate of litriple super phosphate and ammonium phosphate.

Mixed fertilizers: NPK —manufacturing process, details of major equipments.
Module IV: 10 L

Ceramic and ceramic materials

Cement: Chemical composition of Portland cement, raw makgridry and wet process for manufacturing cemkmier, setting
and hardening of cement.

Glass: Composition of glass, rawmaterials, manufacturinghoe of glass- pot furnace and tank furnace, aimgalf glass.
Ceramic: Basic rawmaterials,white-wares, manufacturing pseacd porcelain and their forming operations.

Refractories: Properties of Refractories, raw materials, martufagy techniques of acid refectories, basic Refndes, sintered
and fused refractories,insulating refractories.

Text Books :
1. Dryden, C. E., and Rao, M.G. (Ed.), Outlines of@ical Technology Affiliated East West Press
2. Austins, G.T., Sherve’s Chemical Process IndestiMGH 5th Edn.
References:
1. Venkateswarlu, S. (Ed.) Chemtech (II) Chemicalikegring Development Centre, |IT, Madras
2. Kirk & Othmer (Ed.), Encyclopedia of Chemical fieology
5", Semester
Chemical Engineering

Electrical Machines (ChE 504A, EE...)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module-I: 10 L

D.C. Machines--Generators and Motors: Constructifestlires and principles of operation of shunt,&3eaind compound
generators and motors. Performance characteristanging speed controls and breaking of motors.

Module-Il: 10 L

Application of Static and Rotating Machines: Twadtant and four quadrant operation of motors. Chafda C. motors for
different applications.
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Constructional features and principles of operatibb-phase tranéformers, Open Circuit Test and Sbioctiit Test, Equivalent
Circuit, Typical applications of transformers andCAmotors.

Module-lll; 10 L

Induction motors: Principles of operations, Equévalcircuit and diagram, Torque speed charactesistilethods of improving
starting torque speed control. Starting and brep&irinduction motors, Single phase induction metamd methods of starting.

Module-IV: 10 L

Synchronous Machines: Synchronous generators atarsn@rinciples of operations and simple equiviabincuit, Method of
synchronization of synchronous generator, Applaratf synchronous machines and 3-phase transformer.

Text Books / References
1. Electrical Technology: Edward Hughes. PearsaincEtion
2.Hubert, Electrical Machines, Pearson Education
3. Applied Electricity: H. Cotton. CBS Distributorseit Delhi
4. A Text Book of Electrical Technology: Theraja aftteraja — Vol —
4. Electrical Machinery: Bhimra,
5. Electrical Machines: P.K.Mukherjee and S.Chakrgbo
5. Semester
Chemical Engineering
Machine Design (ChE 504B, ME...)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module-I: 10L

Stress Analysis: Strain, Stress, Elasticity, Meaklbf Elasticity, Simple stress, torsion, bendsiggss analysis in beams and
columns, Euler column formula, combined stressesrtiél and shear stress only), general notions wéhyc load and impact
stresses. Analysis of Struss.

Module-Il: 10L

Designing for strength: stress-strain diagramsstmmncentration (static load applied steadilyicstaad applied suddenly, variable
load), types of failure, prevention of failure, tiaicof safety, design of combined loading, theoagfilure: maximum normal stress
theory, maximum shear stress theory, choice ofrthebfailure, impact loading and fatigue loadiregdurance strength, endurance
limit, design for fatigue loading; Soderberg ciiber, Goodman criterion.
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Module-IIl: 10L

Fasteners: Riveted joints: introduction, rivet headd methods of riveting, rivet material and ritesit, types of riveted joints,
failure of rivet joints and its design. Eccentoadling on rivet and bolted joints. cotter and Kraggints. Keys and couplings:
Introduction to keys, types of keys, introductiorcbupling, different types of coupling,. Pipe jiindifferent types of hydraulic
pipe joints. Shaft-general use, causes of failarghiaft, designing of straight shaft, design foersgth, design for rigidity and
stiffness. Belt drives-Introduction to different ggpof belt drives, general design of belt drive.

Module-IV: 10L

Design of Pressure vessel: thin and thick cylirdesign, design of cylinder head, cover plate, seleof gasket, design of bolt and
flange.

Text Book / References:

1. Process Equipment Design — Brownell and Youaolgn Wiely and sons
2. Machine Design, Norton, Pearson Education

3. Design of Machine Elements, Sharma & Purohit, PH

4. Design of Process Equipment — Hesse and Rushton

Practical
5", Semester
Chemical Engineering

Mass Transfer Laboratory (ChE- 591)
At least eight experiments are to be performed

1. Determination of diffusivity of volatile liquids iair using Stefan tube.

2. Study of simple batch distillation to verify Raylbig equation.

3. To draw vapor-liquid equilibrium diagram using Othnstill.

4. Experiment on wetted wall column to determine ntemssfer co-efficient.

5. To study the performance of a rectification column.

6. To study the absorption in a packed tower.

7. To study the drying characteristics curve undeistamt drying condition.

8. Experiment on batch adsorption (to verify adsormpigntherms).
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9. Experiment on liquid-liquid extraction (to determithe overall mass transfer coefficient for courti@ment
operation).

10. Use of charts and nhomographs in chemical engingguactice.
11. To study drying characteristics in a Rotary Dryer.

12. To determine the diffusivity of a volatile solich gas

5", Semester
Chemical Engineering

Reaction Engineering Laboratory (ChE-592)

At least eight experiments are to be performed

1. Experimental studies on kinetics of a non céiayomogeneous liquid phase reaction in an isathkébatch reactor.
2. Experimental studies on kinetics of a homogesédiguid phase reaction in an isothermal semi begelator.

3. Experimental studies on kinetics of a non céitalyomogeneous liquid phase reaction in a tubpilag flow reactor.( ideal plug
flow reactor)

4. Experimental studies on kinetics of a non céialyomogeneous liquid phase reaction in a Spita flow reactor.

5. Experimental studies on kinetics of a non céitalyomogeneous liquid phase reaction in an isatheCSTR.

6. Experimental studies on RTD in a packed bed oeaising pulse input of tracer and measuremenxiaf dispersion coefficient.
7. Experimental studies on RTD in a tubular PFR upinige input of tracer and measurement of axigdedson coefficient.

8. .Experimental studies on kinetics of hydrolysigthyl acetate in presence of acid catalyst iadiabatic batch reactor.

9. Kinetic studies of sulfonation of toluene iniaothermal batch reactor

10. Kinetic studies on hydrolysis of benzoyl chiierin an adiabatic batch reactor.
5", Semester
Chemical Engineering

Process Equipment Design and Drawing-I Laboratory (CE 593)

1. Design and Drawing of Orifice meter / Venturimet®&®ota meter. ( Any one)

2. Design and Drawing of shell & tube heat exchand&rdporator/Pressure Vessel.( Any one)
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Each student shall be allotted design problemsi.am 1& 2 at the beginning of th& Semester and the student shall carryout
complete process and mechanical design under ssiperof a faculty. The student shall also premargineering drawing of the
equipment and submit two copies of the design tdpdight and bound form 7 days before commencemes" semester
examination. Assessment would be made on the basie submitted report and the viva voce examimationducted by a board of
examiners constituted by the Departmental Acad&bimmittee consisting of two faculty members and<laachers with Head
of the Department as Chairman durify Semester examination

5", Semester
Chemical Engineering
Electrical Machine Laboratory (ChE594A, EE....)
1. To study the open circuit and short circuitdesfta single-phase transformer.
2. To study the speed control characteristicsdf &. shunt motor.
3. To study the saturation characteristics of & Dgenerator.
4. To study the external load characteristics Bf &. shunt generator.
5. To study the speed-torque characteristics @fidmction motor.
6. To study the open and short circuit charactesgif an alternator.
5" Semester
Chemical Engineering

Machine Design Laboratory (ChE594B, ME ....)

1. Tension Test and Compression Test for ductile aitdebmaterials; stress strain diagram, determamadtf yield strength,
ultimate strength, modulus of elasticity, percentatpngation, percentage reduction in areas, oasernvof fractured
surfaces

2. Torsion test of circular shafts

3. Buckling test of columns/struts
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4. Deflection of beams with various loads and at ussitncations

o

Efficiency of riveted joints — measurement by destive tests

6. Study of Cotter joint, Knuckle joints, different qulings

7  Study of thick and thin pressure vessels—studydsjrdctive tests in case of thin
pressure vessel

Experiments are to be suitably designed consistghtthe equipment.

6". Semester
Theory
Principles of Management
HU-601
Contracts: 2L
Credits- 2

1. Basic concepts of management: Definition -eBss, Functions, Roles, Level.
2. Functions of Management : Planning — Condéature, Types, Analysis, Management by objecti@ganisation Structure —
Concept, Structure, Principles, Centralization, Daedimation, Span of Management; Organisationad&ffeness.

3. Management and Society — Concept, Externair@imwment, CSR, Corporate Governance, Ethical Stasdard

4. People Management — Overview, Job design,uRe@nt & Selection, Training & Development, Strééanagement.

5. Managerial Competencies — Communication, Mtibma Team Effectiveness, Conflict Management, Cvitgti
Entrepreneurship

6. Leadership: Concept, Nature, Styles.

7. Decision making: Concept, Nature, Process|sT&dechniques.

8. Economic, Financial & Quantitative Analysi®roduction, Markets, National Income Accountingpafcial Function & Goals,

Financial Statement & Ratio Analysis, Quantitativethbds — Statistical Interference, Forecasting, &ssjpn Analysis,
Statistical Quality Control.

9. Customer Management — Market Planning & Rebedtarketing Mix, Advertising & Brand Management.

10. Operations & Technology Management — Prodoci®perations Management, Logistics & Supply CHdanagement,
TQM, Kaizen & Six Sigma, MIS.

Readings

1. Management : Principles, Processes & Practidsat; A & Kumar, A (OUP).
2. Essentials for Management — Koontz , RevisetioediTata McGraw Hill(TMH)
3. Management — Stoner, James A. F. (Pearson)

4.Management - Ghuman, Tata McGraw Hill(TMH)

Chemical Engineering
Separation Process - Il (ChE 601)
There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks
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Module-I

10L
HUMIDIFICATION & DEHUMIDIFICATION PROCESSES:
Introduction to Humidification and dehumidificatiaperations, Characteristics of saturated and uraatli vapor gas mixtures,
Dry and wet bulb thermometry, Psychrometric chadiabatic saturation curves, Psychrometric ratias Gquid contact, Design of
humidifiers, Dehumidification operation, Principéd design of cooling towers (Natural draft, forad@ft and induced draft
cooling towers).

Module-II

10L
LIQUID-LIQUID EXTRACTION & LEACHING:
Introduction to Extraction, Liquid- liquid equilita, Triangular diagram, Selectivity and choice olvents, Stage-wise contact, Co-
current & countercurrent extractor, Stage typeamtors and differential extractors, Determinatiomember of equilibrium stages
by graphical method for multistage extraction, Saptcal Fluid Extraction.

Module-lll 10L

LEACHING:

Introduction to leaching, General principle, Fastaffecting the rate of extraction, Calculation ofmber of stages, Batch processes,
Countercurrent washing, Stage calculation methods.

DRYING & CRYSTALLIZATION:

Introduction to drying, Rate of drying, Batch dryingechanism, Time of drying, the mechanism of moétmovement during
drying, Classification and selection of dryer, Baticher and continuous dryer.

Introduction to crystallization, Theory of Crystalition, Formation and growth of crystals, Crystaldj Rate of crystallization,
Crystallizers.

Module-IV
10L
ADVANCED SEPARATION PROCESSES:
Introduction to advanced separation processes, ifitasisn of membrane processes, Dialysis, Ulttadiion, Reverse Osmosis,
Reverse osmosis in water treatment plant, Pervaporailectro dialysis, Membrane fouling, Liquid mierane.

Text Books:

1. Mass Transfer Operations: Robert E. Treybal, M@kgrnational Student
Edition.

2. Principles of Mass Transfer and Separation Bsese Binay K. Dutta, PHI

3. Transport Process and Unit Operations: Gear&kadid Edn., PHI.

References:

1. Separation Processes: King, C. J., MGH.

2. Unit Operation Handbook (Vol. I): John J. Mckett

3. Unit Operations in Chemical Engineering: McCahmit, and Harriot. MGH,
Sixth Edn.

4.Coulson, J. M. ,Richardson, J.F., Chemical Engingekiol 2, Pergamon Press.

5. Chemical Engineers’ Handbook: Perry, J. H. MGH, Edn.

6". Semester
Chemical Engineering
Chemical Engineering Thermodynamics (ChE-602)
Module I: 10 L

Basic concepts and definitions & scope of thermodyns. Thermodynamic systems and surroundings. Qisoef force,
properties, energy, temperature, pressure, hedt wquilibrium, phase, process etc.
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Volumetric properties of pure fluids: Graphical regentation of P-V-T behaviour. Mathematical repngation of P-VT behaviour:
ideal gas law, cubic equations of state, virial atun of state and its application, Law of correging states, Generalised
correlations for gases and liquids, acentric faatompressibility factor.

First law of thermodynamics and its applicationisstHaw of thermodynamics, Energy balance for etbsystem. Thermodynamic
state and state functions. The reversible procEss. adiabatic process. The constant volume andtamngressure process.
Enthalpy, heat capacity. Mass and energy balasoepien systems.

Module 1I: 10 L

Second law of thermodynamics and its applicatiamitations of the first law of thermodynamics, staents of the laws. Heat
engine and heat pump / refrigerator. Mathematizaement of second law. Carnot cycle and Carnot EmearRefrigeration cycle,
criterion of irreversibility, clausius inequalitgntropy and its change calculation for ideal ga8ésorption refrigeration, choice of
refrigerant, Liquefaction process. The third law ®hermodynamics.Concept of Thermodynamic scale of temperature;
Thermodynamic property relations: Maxwell relatiofitie Jacobian Method, Relation between heat cégmcitoule — Thomson
coefficient, Clapeyron equation and enthalpy of vegadion.

Module I11: 10 L

Solution Thermodynamics: Theory: Partial molar gies, partial properties in binary solution, clieahpotential, Gibbs Duhem
relation, fugacity, fugacity coefficient for purpexies and solution. Generalized correlations digaé€ity coefficient, Fugacity of
liquid and solid. Ideal solution, Residual propestiphase equilibria, Lewis — Randall rule, simpteets for low pressure vapor /
liquid equilibrium, bubble pressure, dew pressimgyble temperature, dew temperature and flash leéilcns. Modified Raoults’
law, k-value correlations, Excess properties, $muThermodynamics: Applications:

activity & activity coefficient, Excess Gibbs fremergy models — Margules, Redlick — Kister, WhdVan Laar, Wilson & NRTL,
UNIQUAC, Group Contribution methods, Henrys law. Rgtade condensation, VLE at law to moderate pressi@alculate the
VLE data for a binary mixture from azeotropic cdiafis, VLE at high pressures. Thermodynamic coesist. Liquid-Liquid
Equilibria (LLE), Adsorption equilibria - common safption isotherms.

Module IV: 10 L

Chemical Reaction Equilibria: Criterion of chemicaeton equilibrium, Application of Equilibrium Crite to Chemical
Reactions, the standard Gibbs Energy Change andythibbium Constant, Effect of Temperature on theiitgrium Constant,
Evaluation and Relation of Equilibrium Constants, iltlgium Conversions for single Reactions, Phase Ralk Duhem’s Theorem
for Reacting Systems, Electrochemical Equilibria apglications, Fuel Cells.

Text Books:
1. Introduction to Chemical Engineering Thermodyi@mSmith, J.M., Van ness, H.C. and Abbot, M.Mh Btin. MGH., 2001.
2. A Text Book of Chemical Engineering Thermodynami¢arayanan, PHI
References:
1. Chemical Engineering Thermodynamics: Y.V.C. Rao.
2. Chemical Process Principles (Vol-2): O.A.Hougem. Watson and R.A.Ragatz.
3. Chemical and Process Thermodynamics: Kyle PHI.
6". Semester

Chemical Engineering
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Chemical Process Technology — 1l (ChE 603)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module I: 10L

Oils & Fats: Methods of extracting vegetable osdcess Description and Flow sheet). Hydrogenatfasils (Process description
& flow sheet), major engineering problems and inve technology. Soaps, Detergents & Glycerin: Cligssion of cleansing
compounds, uses, Methods of soap production, Mstludddetergent manufacture, Methods of productib®Glycerin. Process
description & flow sheet of each process.

Module II: 10L

Sugar and starch industries: Manufacturing proeats flow diagram, Sugar refining, manufacturingopess of starch and their
different by-products; Glucose, Sorbitol & Polyoermentation industries: Industrial Alcohol, Ahstel Alcohol; their production
process with flow diagram. Agrichemical industri@®ementary ideas on Pesticides, Insecticides, iEit®s, Herbicides, DDT
manufacturing process with flow sheet.

Module 1lI: 10L

Organic synthesis: nitration, sulfonation, aminatiélalogenation, Hydrolysis with examples. Petroaicals : Methanol, Vinyl
chloride, Ethylene oxide, Isopropanol, Butadieneerith and Pthalic anhydride — their manufacturingcpss with flow diagram
and engineering problems

Module 1V: 10L

Polymerisation: Principles of polymerization, Di#at methods of polymerization, manufacturing psscand flow diagram for
Polyethylene, PVC and Phenol formaldehyde. Rubbarsingt Natural and synthetic rubber (SBR, Butyl rupb8ynthetic Fibre
industry: Rayon, Nylon, Terelyne — Methods of pradtrcand flow diagrams.

Text Books :
1.Austins, G.T., Sherve’s Chemical Industries, MGH Bdn.
2 Dryden, C. E., and Rao, M.G. (Ed.), Outlines of Cieahirechnology Affiliated East West Press
3. Unit process in organic systhesis : Bskhggins,MGH
References:

1.. Venkateswarlu, S. (Ed.) Chemtech (ll) @lval Engineering Development Centre, IT, Madras
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Chemical Engineering

Project Engineering (ChE-604A)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module | 0L

Role of a project engineer, Development of projeeboratory bench scale experiment to pilot & seommercial plant operation,
scale up and scale down techniques, pre-designestishation, fixed capital and working capital, Mécturing cost , plant
location factors, selection of plant site, procgssign development, plant lay-out.

Module Il 10L

Time value of money, simple interest, Nominal &eefive interest rates, continuous interest, presemth & discount,
Annuities, perpetuities and capitalized cost, Dejatéon,: Types of depreciation, Depletion, Consegitservice life, Salvage value
and Book value; Depreciation calculation by straigte method, Text book and double declining batamethod, sum-of-the-years
digit method and sinking fund method.

Module 1l 10L

Profitability analysis method: Return on investm@OI), payout period, Net present worth (NPW), Digtied cash flow rate of
return, (DCFR), effect of inflation on profitability

Alternative investment,; Choices among variousraitéves, Replacements, Methods of profitabilitpleation for replacements.

Optimum design, Break-even point, Optimum productiat®, Optimum conditions in cyclic operations,iopim economic pipe
diameters, optimum flow rate,& cooling water.

Module IV 0L

Project scheduling: Bar chart, Milestone chart, Cphag network analysis,: PERT, CPM, statistical disttion associated with
PERT network, Earliest expected time, and latestwalble occurrence time calculation, Slack, deteatndm of critical path,
concept of float.

Text Books:

1. Plant Design & Economics for Chemical EngineersMByPeter & K.D. Timmerhaus, 4rth edn, MGH
2. Chemical Engineering Plant Design-By Himmelblau.
PERT CPM, L. S. Srinath, East West Press

43



Syllabus for B.Tech(Chemical Engineering) Second Year

& 3" Year (Proposed)
Revised Syllabus of B.Tech CHE (for the students who were admitted in Academic Session 2010-2011)

WEST BENGAL
BNIFIRSIY OF TECHNS BEY

6". Semester
Chemical Engineering
Advanced Separation Processes (ChE 604B)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module I: 10 L
Membrane Separation Proces3ypes of membranes, structural properties of mam#s, Mechanical properties of membranes.

Organic & Inorganic membranes, advantages & disaiagges and applications of various membranes, mambnodules, transport
mechanism in membrane process, formation of liquédnbrane, operational aspects of liquid membrdfegtef various operating
conditions on the performance of LSM, advantageis&dvantages of liquid membrane.

Module 11: 10 L
Ultrafiltration: UF modules, applicability, concentration polariaat

Reverse Osmosis:Fundamentals of RO, Osmotic pressure, relation dmtwchemical potential & osmotic pressure, factors
affecting the performance of RO plant, RO membranduie membrane age, advantages, disadvantages and

application of RO process.

Module 11I: 10 L
Pervaporation: Theory of Pervaporation, separation factor, fac@ifecting pervaporation — Classical Pervaporatiin heated

pervaporation, Osmotic Distillation, Thermopervagimm, Reactive pervaporation, advantages of peratipa, application of
pervaporation.

Chromatographic Separation: Theory of Chromatographic separation, selectivity separation factor, Efficiency of
chromatographic system, types of ChromatographyuitligChromatography, Liquid-Solid Chromatography, Higérformance
liquid chromatography; development of model equetitor Chromatography, Numerical problems; Advardag®isadvantages of
Chromatographic Separation.

Electrophoresis: Basic principles, Proteins and amino-acids separa@peration of vertical and horizontal electro®is- casting
gel, plating, SDS- PAGE Electrophoresis

Module 1V: 10 L
Gas Separation: Theory of gas separation and permeability, perifigalyatio and Knudsen diffusivity, factors afféoy

permeability, separation factors, application of gaparation process.

Dialysis: Theory of Dialysis, separation factor in DialysiHuid film resistance in dialysis, dialysis memiea application of
dialysis process.

Revision: 5 L
Text Book:

1. J.D. Seader and Ernet J. Henlay; SeparatioreBsderinciples.

2. C.J. King; Hand Book of Mass Transfer.

References:

1. Synthetic Membranes: Bunge

2. Membrane Handbook by Ho and Sircar, Marcel Dekka

3. Ultrafiltration Handbook by Munir and Cheriyalitrafiltration, CRCPress.

4. Practical Biochemistry: Principles & Techniquéélson & Walker, 5ed. Cambridge Univ. press
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Chemical Engineering

Environmental Engineering (ChE 605A)
There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying

one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module I 0L

Types of environments and their pollutants. Claszifon of pollutants. Legislative aspects inclupvmater act. 1974, Air Act 1981
and efflument standards. EPA

Air pollution : Sources and effects of different air pollutantn$ling and analysis of air pollutants, Air polarticontrol methods
and equipment, Cyclone Separator, Baghouse, ESPuV&atrubber

Module II: 0L
Water pollution: Sources, sampling and classification of waterytafits, determination of basic parameters and patations
associated with: BOD, COD, TS, TDS, SS;

Waste water treatment: primary, secondary, tertiary and advanced; aertbmtment with special reference to activated gaud
trickling filter, RBDC and RBRC, EA; non conventional: WSanaerobic treatment with special reference teRARUASB

Module 111 0L

Solid waste managementSources and classification, public health aspédethods of collection and disposal methods: open
dumping, landfill, incineration, composting, vermiitire; Solid waste management using bioremedidtiospecific pollutants like
chromium. Mercury, ammonia / urea, phenolic sluddésnagement and handling of Bio-medical waste; Btava- classification
and re-use and disposal; Hazardous waste managerigettro-chemical and photo-chemical oxidatiatye waste, chrome slag —
case studies.

Module 1V: 0L

Pollution control in selected process industries fertilizer industries, petroleum refineries gretrochemical units, pulp and paper
industries, Tanning industries, Sugar industriesnp Alcohol industries, Electroplating and meiaishing industries, Radioactive
wastes, ranking of wastewater treatment alternati@ase Studies.

Text Books:
1.Environmental Pollution Control Enginegri- C S Rao, New age
2 Wastewater Engg. — Metcalf & Eddy, TMH
References:
1.Pollution Control in process industries.P.8lahajon
2.Introduction to Environmental Engineerin@onnwell & Devis. TMH.
3.Air Pollution — Rao,
4. Standard Methods APHA /AWWA
5. Wastewater treatment for pollution cohtr&.J.Arceivala, TMH

6". Semester
Chemical Engineering
Industrial Safety and Hazard Analysis (ChE605B)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.
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Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module I: 10L

Definition of safety, Hazard and Risk, Safety geog, Engineering ethics, Inherent safety, Safeguletions, OSHA, Process
safety management, Windroses, Hazards due teefippsions and toxic chemicals, Distinction betwéenand explosion,Upper
Flammability limit and Lower Flammability Limit, ife Triangle, BLEVE, Runaway reaction.

Module II: 10L

Tools for hazards identification: HAZOP, Fault Tré&went Tree, FMEA, Dow Fire and Explosion IndexoiMd Index, Safety
Audits..

Module 11I: 10L

Risk analysis concept and methodology: Risk conaeghtnaeasure of risk, Risk acceptance criteria, Qtadiveé risk analysis,
Probit number.

Module 1V: 10L

Engineering control of chemical plant hazards,Hsiféication and attenuation of hazardous materiatystrial plant layout,
Ventilation, Fire prevention, Personnel protectit@vices, Laboratory safety, Emergency safety, $afgttems and disaster
management. Case studies, Flixborough ( Englandp@Hhtndia), Seveso (Italy), Pasadona (Texas)

Text Books :

1. Chemical Process Safety: Fundamentals with Agidins: D. A. Crowl and J.F.Louvar, Prentice Had9@
References

1. Safety in Chemical Process Industries: 0. P. dmagta, E. A. Stallworthy, Heinmann ProfessionallBhimg LTD.,1988
2.. Hazardous Waste management: C. A. Wentz, MGH.

3..Environmental Risks & Hazards, S.L. Cutter, Poentiall,1994

6". Semester
Chemical Engineering
Practical

Process Equipment Design and Drawing-1l Laboratory (QE 691)

1. Design and Drawing of a Reactor.
2. Design and Drawing of Distillation column/Absorptitower/ Dryer.( Any one )

Each student shall be allotted design problen sl. no 1& 2 at the beginning of tHesemester and the student shall carryout
complete process and mechanical design under ssiperof a faculty member. The student shall alsppre engineering drawing
of the equipment and submit two copies of the desigort in tied and bound form 7 days before conmament of & semester
examination. Assessment would be made on the bi#ie submitted report and the viva voce examimationducted by a board of
examiners constituted by the Departmental Acad&oimmittee consisting of two faculty members and<slaachers with Head
of the Department as Chairman durify emester examination
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Chemical Engineering

Feasibility Analysis (ChE 692)

Each student shall have to carry out Techno Economicdasibility Analysis of a proposed chemical plant wh a given
production rate assigned to him /her at the beginmig of the 8" semester.. The student shall have to submit two des of the
report in tight and bound form 7 days before commenement of 6" semester examination. Assessment would be madetha
basis of the submitted report and the viva voce exaination conducted by a board of examiners constitied by the
Departmental Academic Committee consisting of twéaculty members and class teachers with Head of tHeepartment as
Chairman during 6™. Semester examination

1
2
3
4
5.
6
7
8
9

6". Semester
Chemical Engineering

Environmental Engineering Laboratory (ChE 693A)
(At least eight experiments ate be done)

Determination of COD of Wastewater

Determination BOD of Wastewater obtained from DéBweetmeat shop/kitchen waste
Determination of Oil & Grease of Wastewater obtdifrem Petrol Pump

Determination of excess Chlorination using Chloroscop

Determination of concentration of particulate t®ain ambient air using high volume/RSPM sampler.
Determination of Bacteriological Parameters of Dirigkwater.

Determination of concentration of arsenic in coriteated ground water.

Determination of concentration of Chromium in tanneastewater

Determination of concentration of Mercury in wasaéer/ contaminated sludge

10. Determination of concentration of iron in groundteva

Book: Standard Methods APHA /AWWA

6. Semester
Chemical Engineering

Engineering Drawing (ChE693B

Drawing of the following: (S. No. 8 and any three fathe remaining items)

1. Flange Coupling

2. Hydraulic Pipe Joints

3. Valves

4. Stuffing Box

5. Belt-Pulley
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6. Screw Jack
7. Cylinder heads & Cover plates.
8. Assembly Drawing of any Chemical Engineering pmeént.

Text Book/ Referencesi. Machine Drawing: N.D. Bhatt & V.M.Panchal: Anaimdlia.

6". Semester
Chemical Engineering
Seminar (ChE 694)

A Seminar topic will be allotted to individual st according to his/her subject of interest. Ardugh report should be prepared
based on which seminar presentation and questiswearsession will be conducted. Assessment ofttidest would be done by
the faculty members on the basis of presentatierfippnance in the question - answer session ancepgut submitted.

7", Semester
Chemical Engineering
Transport Phenomena (ChE 701)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module I: 10L

Concept of unified approach to Momentum, Heat andsVlazansport through Transport Phenomena - Assangtf Transport
phenomena; Similarity of Mass, Momentum and Enérgysfer, Diffusivities, Transport Theorem.

Review of Vectors & Tensors:

Viscosity, Newton’s law of viscosity, calculatioimomentum flux, Non-Newtonian fluids — Bingham mbhdestwald-de Waele
model, Eyring model, Reiner-Philippoff model.

Shell momentum balance and boundary conditions.
Module 1I: 10L
Momentum Transport:

Flow of a falling film with constant/variable vissity, Flow of Newtonian or Non- Newtonian fluid thrgh a circular tube, Flow of
Newtonian or Non- Newtonian fluid through annulbkw of two adjacent immiscible fluids, Flow of iénf on outside of circular
tube, Creeping flow around a sphere.

Equations of Continuity and Motion in rectangular t€sian) coordinate system, Expression of stremotegfor Newtonian and
non-Newtonian fluids; Special forms of equatiorMiftion — Euler equation, Navier-Stokes equation.
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Transformation of equations of Continuity and Mottorcylindricai coordinate system by changing Valea and using vector
calculus.

Use of the above conservation equations — Steadyripressible flow through circular tube, Laminamwflbetween two flat
stationary/moving plates, Shape of the surfacerofating fluid.

Concept of Boundary layer and Boundary layer theorync€pt of turbulence, Time-smoothed quantities, Rieigaecomposition,
RANS (Reynolds Averaged Navier-Stokes equation).

Dimensional analysis of equations of Continuity aation.
Module 11I: 10L
Energy Transport:

Modes of heat transfer; concepts of (a) thermatlootivity — constant and temperature dependenth@)mal diffusivity and (c)
heat transfer coefficient. Fourier's law of heatdoction. Shell energy balance and boundary camdit- Heat conduction with
electrical, nuclear, viscous and chemical heatas®uieat conduction through composite walls, Heatlaction in fins, Heat
conduction from a sphere to stagnant fluid.

Free convection — flow between two vertical walls.

Equation of energy (general convection-diffusionatepn) — rectangular coordinate system. Use oEtergy equation - Unsteady
state conduction in finite and semi-infinite slabs.

Concept of thermal boundary layer vis-a-vis hydrayit boundary layer — effect of Prandtl numbertmrmal boundary layer
thickness.

Module IV: 10L
Mass Transport:

Concentrations, Velocities and Mass and Molar flucncept of Mass diffusivity and Mass transfer @ioieint. Fick's law of
diffusion.

Shell mass balance and boundary conditions — Diffutirough stagnant gas film, Diffusion in a fadjifilm, Diffusion with
heterogeneous chemical reaction, Equations of Qaititifor binary mixture, simplification of generatjuation for special cases.

Dimensional analysis of the equations of Continditple of Schmidt number.
Generalized Transport Equation:

General Advection-Diffusion equation - conservatimuations (Motion, Energy and Species concentrpiioterms of general
variable (0) and diffusivity. Concept of coupled equations.

Text Book:
1. Transport Phenomena: R. Byron Bird, Warren E. StesavadtEdwin N. Lightfoot. , John Wiley & Sons Inc.i&s
Students Edition.
References:

1. Transport Phenomena, R.S.Brodkey and He@key, Mc.Graw Hill, 1988.

2. Transport Processes and Unit Operatiors,Geankoplis, Prentice Hall, 11l Edition, 1993.
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Chemical Engineering
Instrumentation and Process Control (ChE 702)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module I: 10 L
Introduction: Principles of measurement. Error Asa, Static and dynamic characteristics of insgnts.

Temperature measurement: Filled system ThermomEtermocouples, Resistance Thermometers, radiatidmptical
pyrometers;

Pressure: Manometers: U tube manometer, inclimed thanometer, Ring balance manometer, elastic dafam bourdon,
bellows, diaphragm and electrical type gaugesirstrauge, piezoelectric, pressure transducers ¢thaucapacitive).

Vacuum gauges: mechanical, electrical and ioninatipes;

Flow: Head flow meters, area flow meters, positlisplacement flow meters, mass and magnetic floterse
Level: Direct and inferential type; composition.

Module II: 10L

Different forcing functions: Step, Impulse, Ramm&oidal and frequency inputs & their graphicarespntation.

First order system; transfer function; responsaiféérent forcing functions; two first order systeiim series- non- interacting &
interacting Second order system: under- dampetitally damped & over damped, Transportation lag.

Module Ill: 10 L

P, Pl, PD, PID & their transfer function, differegpes of control valves; characteristic curve &nsfer function, servo &
regulatory control.

Elementary idea of feed forward, feed back, casoadie.

Block diagram of different chemical process unifgemloop & closed loop transfer function, simpledeis : stirred tank, shell
&tube heat exchanger, distillation column, differgypes of controllers .

Module 1V: 10L

Definition of stability, concept of unbound funatioRouth Array, Bode stability analysis, Nyquistsliy criteria, Root Locus
method, Zeigler-Nichols controller settings, adepi digital control. Concept of PLC & DCS.

Text Books:
1. D.Patranabis, “Principles of Industrial Instrurtaion”, Tata McGraw Hill, Publishing Ltd, New D) 1999
2. Process system analysis & Control — D. R. CoughaiM@H.

3 Chemical Process Control — G. Stephanopoulus PHI.
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4. Industrial Instrumentation Fundamentals, Afbance, McGréw— Hill Education
References:

1. Industrial Instrumentation, D.P. Eckmamijley Eastern Limited

7", Semester
Chemical Engineering
Material Science & Material of Construction (ChE-703A)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module - I: 10L

Structure of materials-Various types of bonds; Gijisie Structure of Solids- concepts of unit celdaspace lattice, packing factor;
X-ray diffraction for determining crystal structurllechanical properties: Strength, hardness, toeggnductility, brittleness of
Engineering MaterialsElastic, an-elastic and visco-elastic behavioumaterials; Electrical, Electronic, Optical & Opleetronic
properties of material; Inorganic & organic amorphanaterials and their structural & property chemastics; Optical fibers.

Module - II: 10 L

Mechanism of plastic deformation, slip and twinnisgguctural imperfections: elementary conceptpaht, line, surface & volume
imperfections; Influence of dislocations/Line imfgetions on the mechanical properties of materi@gain hardening and
recrystallization; Elementary aspects of creepigtat, fracture; Phase Diagrams- Solidification atdicture of metals, Grain
boundaries; Phase equilibrium and phase diagrarbinefy alloys; Phase diagram of ternary systemwgi-Carbon diagram; Heat
Treatment —Introduction and purposes of heat treatmT-T-T Curve; Corrosion-Concepts and forms ofrasion; Corrosion

Mechanism and prevention; Protective materialscarading.

Module —III: 10 L

Basic principles of metal extraction: Pyrometllurggicinations, roasting—oxidizing, predominanceaadi@agrams, multiple hearth,
flash and fluo-solid, sintering, smelting, slag atscclassification.

Steelmaking process flow diagram: Iron making (@gen involved in Blast furnace)— Steel making (oaycgblown converter —
LD) — Secondary steel making / refining (ladle msging, vacuum degassing, ladle furnace processi@gntinuous casting - with
emphasis on application of the concepts of physieogcal principles involved, moving/packed bed teaagas-liquid two-phase
flow, heat transfer with phase change (solidifca}i

Module - IV: 10 L

Principles of Hydrometallurgy and Electrometallurxtraction of Aluminum: Hall-Heroult process, Efelytic refining; Sources
of Zinc & Copper: Pyro & Hydro metallurgical extram of copper & Zinc; Extraction of Lead, Recent diepment in Lead
smelting.

Text Books:
1. Raghavan, V. Material Science and EngineeringntiRre Hall of India

2. Ray, Sridhar & Abraham. Extraction of non ferroustal, EWP
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References:
1. Lawrence, H. Vanvlack, Elements of Material ceand Engineering
Pearson Education.
2. Lakhtin, Engineering Physical metallurgy; MIR fisbers.
3. L. Von Bogdandy and H.J Engell: The Reductiorrof IOres, Springer-Verlag, NY.
4. R.I.L Guthrie: Engineering in Process Metallur@yford University Press (Paperback edition 1992).
7. Semester
Chemical Engineering
Petrochemical Technology (ChE 703B)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module I: 10 L

Petrochemical Industries & their feed stacBsief History and Survey of Petrochemical Indwesrin India. Different feed stocks
used for Petrochemical Industries and their sauréeed stocks used by Petrochemical Industridedia and their sources.
Impurities in feed stocks and processes for thegmaval.

Natural Gas processing. General idea of LNG, CNGIL.N®G and their generation.

Production and Utilization of Synthesis g&socess of Synthesis gas production by steamméig of Natural Gas and Naphtha
and partial oxidation of Fuel Oil.

Production of Methanol from Synthesis gas. Chemifraim Synthesis gas by Oxosynthesis. Productidigoid fuels from
Synthesis gas by Fischer — Tropsch process.

Module 11: 10 L
Name of Major Petrochemical products and thgjiliaations. First, Second and Third generatiomgoétemical products.
Production of Ethylene, Propylene,and Butadienbléghtha/Gas cracking.

Petrochemicals based on Ethylene, Propylene andiiga: Like VCM, VAM, Ethylene Oxide, Ethylene Gbi¢cEthanol Amines
from Ethylene. Acrylonitile, Isopropanol, Propytenxide, Glycerine, Acrylic acid, Acrolein fromidpylene. Production of
Butadiene.

Module Ill: 10 L

Production, Separation and Utilization of Aromatic€atalytic Reformation of Naphtha and productidiXylenes. Separation of
Xylenes. Isomerization of Meta xylene.

Pyrolysis Gazoline hydrogenation and separatioB®X aromatics. Production of Benzene, Toluene, Xgteflom BTX
aromatics by distillation. Production of Benzenarfrdoluene. Uses of xylenes.

Alkylation of Benzene. Production of Styrene, Cumand Phenol.
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Production of Phthalic Anhydride etc.

Synthetic Detergents: Classification of detergeteduction of Linear Alkyl Benzene (LAB) from SupmrKerosene and
Benzene. Sulphonation of LAB for production of Sytith®etergents. Additives for synthetic detergehtard and soft detergents.

Module IV: 10 L

Plastomers, Elastomers and Synthetic fibres. :0darmethods of polymerization and their mechanistmsduction processes of
LDPE, LLDPE and HDPE. Basic difference among theerand their applications. Production of PVC aolg$tyrene.

Production of Polypropylene. Production of SBR, PBR Batyl rubber. Production of ABS plastics. Productid Polyamide
(Nylon 6 and Nylon 6,6) , Polyester and Acrylibrés.Production of Phenol Formaldehyde resins.

Text Books :
.1. Petrochemical processes: Chauvel ,Gulf Publishin
2. A Text on Petrochemicals: B.K.B. Rao, Khanna Phblis
References:
1. The Petroleum chemicals Industry: R. F. Goldsaeid A. L. Waddams.
2. Advanced Petrochemicals: Dr. G. N. Sarkar, KlaaPuablishers
3. Introduction to Petrochemicals, Sukumar Maityfd@d and IBH Publishing Co.
7"". Semester
Chemical Engineering
Biotechnology & Biochemical Engineering (ChE 703C)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking d¢ast one from each
module. All questions carry equal marks

Module I: 10L

Basic Biochemistry & Microbiology

Introduction, microbial diversityyiruses, procaryotes, eubacteria, archaebactetieargotes, cell construction, gram staining
technique, general discussion on and structurendha@ acids and proteins, carbohydrates and polysaictes, lipids, fats and
steroids, nucleic acids, RNA and DNA, cell nutriemscro and micro nutrients.

Different culture techniques, preparation of meatia observation of characteristics, aseptic techmiqbtaining bacterial colonies,
counting bacteria.

Metabolic regulation, DNA replication, transcriptictranslation, metabolic pathway control, mechanis transport across cellular
membranes, cell receptors and cellular differeiotiat

Module 11 : 10L

Enzyme Kinetics and Protein Engineering

Example of material balance of bioprocess, Enzyamas substrates, Standard proteins, mechanistic Iméaiesimple enzyme
kinetics, derivation of Michaelis-Menten equatid@riggs-Haldane assumption, experimental determinatb rate parameters:
Lineweaver-burk, Eadie-Hofstee and Hanes-Woolf, piderpretation of kg and V,

Model for complex enzyme kinetics: Allosteric enagn Principles of enzyme inhibition — Competitinenco Effects of pH and
temperature, insoluble substrates
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Immobilized Enzyme systems: Methodology — entrapgm&mrface Immobilization, diffusional limitationsurface-bound enzymes
on nonporous and materials.

Module 11l : 10L
Bioseparation Technology

Separation of insoluble biomolecules and proddittsation, centrifugation, coagulation and flocatibn.Cell disruption:
Mechanical and non-mechanical methods.Separatisnloble products, precipitation, Salt precipitatimodification of solvent
and solute properties, pH change, iso-electricipitation.

Application of Chemical Engineering principles in Bieparation, aqueous two-phase extraction, adearmtialysis, micro
filtration and Ultrafiltration, Reverse osmosis.

Chromatographic separation: Classification of chrogaphic processes, affinity chromatography: iitbib: their preparation and
uses, method of linkages, elusion chromatograplejecnlar sieving chromatography, HC and HPLC.

Column chromatography: material balance, numerixahgples.
Electrophoresis: General principles, SDS-PAGE, grpental methodologies, iso-electric focusing.

Industrial aspects of separation of bio-moleculésterial balances, mathematical analysis and mogease studies.

Module IV: 10L
Biochemical Reaction Engineering

Cell growth kinetics, Substrate limited growth, tlogistic equation, rate loss, stoichiometry, mhbatances, design equations,
numerical problems, wash out, oxygen limited fertatan, scale up concepts of bio-reactors, cherha@std its applications,
continuous culture devices, case studies on pénipiloduction.

Books:
1.Bioprocess Engineering—Basic Concepts, second elule3 & Kargi, PHI, 2002

2.Microbiology-5edPaperback) Pelczar, N R K MTata Mgraw Hill, 2005
References:

1.Bioprocess Engineering PrinciplegPaperback) Doran, PM Elsevier India (200)
2.Chemical Engineering, V2, 5ed. Coulson RichardEtsgvier

3.Practical Biochemistry: Principles & Techniqued|sah & Walker, 5ed. Cambridge Univ. press

4.Process Biotechnology Fundamentals 2nd/ed by SikhbpadhyayViva books, 2005

7". Semester
Chemical Engineering
Numerical Methods in Chemical Engineering (CHE 704A)
There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks
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Module I: ' 10L
Error Analysis: Taylor seriesexpansion, Truncation error. Round-off error vs. f@fing-off error. Propagation of Error

Solution of simultaneous linear equations: Gauss elimination Method, Gauss-Jordon Method iRigo and ill-
conditioning, Condition number of a matrix. Itevatimethod - Jacobi iteration, Gauss-Seidel MetB@R method, Application in
steady-state solution of isothermal CSTR in Seriestiich a first-order reaction is taking place andltiple reactions in CSTR.
Tri-Diagonal Matrix Algorithm (TDMA).

Module II: 10L
Solution of Non-linear equations:

Bisection method, Newton-Raphson method, Secant mieiModified Newton-Raphson method for multiple roetépplication in
thermodynamic property calculation, bubble poird dew point calculation. Finding of multiple roata polynomial. Solution of
a set of non-linear equations - Newton's methochklian matrix, charactertics equations and stghalitalysis of solution. Steady-
state solution of a non-isothermal CSTR in whichrstfbrder reaction is taking place.

Module IlI: 10L
Curve-fitting . Linear least-square method for straight line anlgimpmmmial. Lagrange interpolation.

Numerical Solution of ODE: Initial and boundary value problenkxplicit ADAMS-BASHFORTH Techniques likéeuler's
Method, ADAMS-BASHFORTH % and fourth order methods. Implicit ADAMS-MOULTONdhniques including Implicit Euler.
Runge-Kutta Method(®, 3%and 4" order), Euler’s predictor-corrector method (Heoréthod)- finite difference method (forward,
backward and central differences), Stability analgg ODES of Euler methods, Runge-Kutta methods-stze control. Solution
of a set of ODEs. Application in chemical and biemical reaction.

Module 1V: 10L
Numerical Integration: Trapezoidal rule, Simpson’s 1/3rule.

Numerical Solution of PDE: Explicit, Implicit andCrank-Nicholson method for elliptical and parab@guation. Convergence and
stability criteria of these methods. Application unsteady-state heat transfer through a slab astbanly-state tubular reaction
problem.

Text Book :

1.Numerical Methods for Engineers: Santosh Kr. GuNew Age International (P) Limited
2.Applied Numerical Methods with Personal Computétkis Constantinides, MGH
References :

1Numerical methods for Mathematics, Science andrigeging: John H. Mathews , PHI
2Applied Numerical Methods: Carnahan, H.A.Luther dar@d.Wilkes, Wiley

3.Numerical Methods for Engineers With Software Bndgramming Applications: Steven C. Chapra, Raynin@anale , TATA
Mc-Graw-Hill Publishing Company Limited
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Chemical Engineering
Ceramic Technology (ChE 704B)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module | 10 L

Introduction to Ceramics: Definition & Classification of ceramic materials @@l on composition, properties & applications
(Refractories, cement, Glass & Whitewares, Elecemamics & magnetic ceramics & Fine ceramics & Glaammmics, Cermets);

Fundamental Structural principles, composition, prgerties & uses:Natural ceramic minerals & materials such as Ceayiffy,
Quartz/Quartzite, Feldspar, sillimanite, Bauxite ifgnDolomite, Magnesite, etc &

Synthetic Ceramic Raw Materials such as sinterg@Afused AbOs, Mullite, Mag-Al Spinel, ZrQ, TiO,/ Titanate, Ferrites, spinel
etc. Importance of synthetic ceramic raw materifdsgparation & composition; General techniques wdparation: powder
preparation: Sol-Gel, Co-precipitation, solvent wigation; Characterization & uses.

Thermal changes and behaviours of ceramic material8auxite family, magnesite, dolomite, chromite, ditey, clay minerals
Module Il 10L

Materials properties & behaviours: Particle mechanics and rheology, Newtonian flyidstic flow, dilatant liquid, thixotropy,
Deflocculation, effect of electrolytes on Zeta putals applications in ceramic processings.

Beneficiation ProcessesComminution: Equipments, milling, particle sizestdbution. Principles of ceramic fabrication: Size
reduction, size separation, Body preparation, &itin, Methods of forming;

Forming processes:Dry pressing, cold isostatic pressing, plastianioig — Extrusion, Jiggering, Jolleying; Casting ms& Slip
Casting, Drying —drying processes, Mechanisms iindrydefects shaping, surface finishing, and glgzfiring — Firing system,
Pre sintering processes, sintering, and vitrifaatnd cooling.

Module Il 10 L

Refractories: Introduction: raw materials, Fabrication and firirGeneral manufacturing techniques, Propertiesappdications of
following refractories: Acid (Silica) RefractorieBasic Refractories, Burnt refractories — Sintered &mkd refractories: -
Chemically bonded and Direct bonded; Insulating Redrées;

Testing of important properties of refractories:taldPorosity, gravity, C.C.S, Cold MOR, Hot MOR, PCE, RW@gmpressive
Strength, Spalling Resistance, corrosion resistance.

Cement: Definition & different types of cement, Raw matésiand their physico — chemical characteristicsnumfecturing
processes of Pozzolana, Portland cement, cemenhgnkilns viz, Rotary and shaft kiln. Refractory usadRotary kiln, reactions
occurred in different zones of rotary kiln. Testinfgdifferent properties of cement: HydraulicitypiBdness, Compressive strength,
Heat of setting & hardening etc;

Module IV 10L

Glass: Definition of glass: Thermodynamic study for glaBsmation, Glass transitions Conditions of vitréton; Glass
processing: selection of raw materials, effects of differentid®s on glass properties, batch preparation, ngeltinglass tank
furnace, refining of glass, Forming process: Blayvimolding , shaping etc; .
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Properties of glass:Optical properties of glasses namely, Refrécti‘mam Birefringence, ultraviolet— visible absorpti@glloidal
colours, Solarisation, Infra-red absorption, Pkettsitive/Photo chromic glasses.

Whitewares: Definition, Raw materialscompositions, Body preparation & fabrication, Dryirfgring, Glazing & decorations,
Defects & remedies, Current trend & future challenge

Powder Metallurgy: process description, Maintenance of metal powdBtending of powders, Compaction, Pre-sintering,
Sintering, Secondary operation, Products of powasallurgy, Advantage of the process, Disadvant&gé@sitation, Design.

Text Books:
2. Elements of Ceramics - F.H Norton
3. Introduction to Ceramics - W.D Kingery
4. Industrial Ceramics - Singer & Singer.
Reference:
5. S. Kumar: Hand book of ceramics ; Vol — | & Il
6. The Technology of Ceramics and Refractories —BuBnikov.
7. Cement Chemistry by F.W. H. Taylor
8. Concrete Technology by Neville.
7", Semester

Chemical Engineering
Total Quality Management (ChE 705A)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks

Module I: 10L

Basic concepts— Three paradigms of management ahatien of concept of quality management, Organdratits basic objectives
and goal, Mission and Vision, customer and secgndastomer, Deming’s wheel, bottom line: profitqusality, historical
defilements: Juran, Deming, Ischikawa and Tagu€aizen, JIT. Basic statistical concepts associatiéltl quality management,
measurement of central tendency and dispersiogera@rsus variance, quality and process capalglighability distributions,
concept of statistical quality control.

Module 11: 10L

Use of control charts and process engineering tquka for implementing the quality plan: X—R changving average chart, p-
chart, c-chart and control chart for continuouspiaion

Acceptance sampling: single—double and multiplem@izg, AOQ, AQL, LTPD, Chain sampling plan, Dodge-Rgmlan.
Module 111: 10L

Tools and techniques for improvement in TQM: typgeghniques with a special reference to FPC & FDRDFWOT analysis;
type B techniques with a special reference to braingng, stratification, Ischikawa diagram, cheblest, Pareto diagram
Philosophy and concept of quality circle: formatisteering committee, power and functions of leadgrLeader, coordinator,
facilitator, case studies.

ModulelV: 10L

Different standards: ISO, BS and bureau of Indiandards, details of ISO 9000 series, ISO 1400@sard SA 8000 and the
certification authorities, productivity control megement.
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Text Books /
1. Statistical quality control, Grant, MGH.
References:
1. Total Quality Management- A Practical Approadhial, New Age International

Qualty Circle : S R Udpa,
2. Total Quality Management — A Primer: Sundara F&jM., TMH.
3. Fundamentals of Quality Control Improvement, ElitPHI
4. TQM -SK Ghosh, Oxford

7" Semester
Chemical Engineering

Operations Research (ChE 705B)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module | 10L

Definition of O.R. , Characteristics of O.R. , Necgsef O.R. in industry, O.R. and Decision making ofe of O.R. in
management, Objectives of O.R. , Types of mathealatiodels, Role of computer in O.R., Requirementsifi@ar programming
problem ( L.P.P.), Examples on the application &f.P., Graphical solution of Two Variables L.P®anonical and standard Forms
of L.P.P., Development of Simplex Method with exdesp The Big-B Method with examples.

Module 11 10L

Transformation Model with examples, Assignment Madith examples, Duality in L.P.P. with problemgrSitivity Analysis with
problems.

Module 111 10L

Dynamic Programming, its need and problems, Deti$toeory with problems, Game Theory with problems.

Module IV 10L
Queuing Models With Problems (Model I, 11, IIl onjyPERT &CPM with problems.
Text Books
1. Optimization Theory & Applications- S.S.Rao, Wilegdtern Ltd.
2. Operations Research- An Introductiof-&dition, -H.A.Taha (EEE) PHI.
3. Operations Research with C Programs- S. Kalavattiyad/Publishing House Pvt. Ltd.
4. Operations Research- K.Swarup, P.K.Gupta, &Man Metsuitan Chand & Sons.
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7" Semester
Chemical Engineering
Processes Instrumentation and Control Laboratory (CH 791)

(At least eight experiments)

1.0 Temperature Measurement using Resistance TempeRetector (RTD), Thermocouple.
2.0 Pressure gauge calibration using Dead WeigsteTe

3.0 Liquid-Level Measurement using Air-Purge Method

4.0 Measurement using Load Cell

5.0 Study on Responses of First and second-Ordenakiting and non-interacting Systems
6.0 Studies on Characteristics of Control Valve

7.0 Studies on the Stability and tuning of a Flownaller

8.0 Response of a P & PI Controller

9.0 Demonstration of Bourdon tube, diaphragm gauge.

7. Semester
Chemical Engineering
Biotechnology Laboratory (ChE 792A)

(At least eight experiment$

Media preparation and Staining Techniques (Simptam staining, spore staining).
Studies on Growth Kinetics of microbial cells andietermine intrinsic kinetic parameters.
Studies on sterilization and death rate kinetics.

Kinetic studies on hydrolysis of protein using aytic enzymes.

Studies on enzyme immobilization techniques arfthtbout enzyme loading.

Separation of proteolytic enzymes by Ultra filtoatiTechnique.

Studies on isolation of enzymes by protein preatjgit technique.

Application of electrophoresis technique in enzyewhnology.

Kinetic Studies on production of ethyl alcohol gs#accharomyces cerevisiae.

CoOoNOOhWNE
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Chemical Engineering

Numerical Computations Laboratory (CHE 792B)

Numerical Methods (Programming language: C/FORTRAN)

1. Solution of Linear System by Gauss Eliminatiogtimod and Gauss-Seidel iterative method: Steadystédition of isothermal
CSTR in Series in which a first-order reaction isrigkplace.

2. Solution of a non-linear equation by Newton-Raphsiethod.

3. Solution of a set of non-linear equations by Mewmethod: steady-state solution of a nonisothe@8a R in which a first-order
reaction is taking place.

4. Solution of one-dimensional unsteady state beatluction problem using Taylor series based Fbitierence Method —
Explicit scheme, Implicit scheme using Tri-diagoN&trix Algorithm (TDMA).

5. Numerical solution of ODEs by Runge-Kutta methathsteady-state solution of Multiple reactionai€STR or Binary
distillation column

Use of MATLAB / POLYMATH software to solve following problems

6. Solution of Linear System: Steady-state solutibisothermal CSTR in Series in which a first-order
reaction is taking place.

7. Solution of a set of non-linear equations: Syestdte solution of a non-isothermal CSTR in whidhisd-order reaction is taking
place

7", Semester
Chemical Engineering
Total Quality Management Laboratory (ChE 793A)

Case studies have to be carried out by each stutleateport in duplicate has to be submitted iretypnd bound form 7 days
before commencement of the seventh semester ex@oninAssessment would be made on the basis cfithmitted report and the
viva voce examination conducted by a board of erarsiconstituted by the Departmental Academic Cdraenconsisting of two
faculty members and class teachers with Head db#artment as Chairman durinl. Bemester examination

7. Semester

Chemical Engineering

Operation Research Laboratory (ChE 793B)

Case studies have to be carried out by each stubleateport in duplicate has to be submitted iretyand bound form 7 days
before commencement of the seventh semester ex@oninAssessment would be made on the basis cfithmitted report and the
viva voce examination conducted by a board of erarsiconstituted by the Departmental Academic Cdraenconsisting of two
faculty members and class teachers with Head db#artment as Chairman durinl. Bemester examination
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7", Semester
Chemical Engineering
Industrial Training (ChE 794)

Students will be sent for training to a chemicaltistry for a period of 4 to 6 weeks after completid 6". Semester examination.
After completion of the training the students willbomit a comprehensive report consisting of germratview of the plant, process
description of with process flow diagram, detafislifferent equipments with specifications, procesgrumentation and control,
product with production capacity, raw materialditytand energy consumed per unit of prodéasessment would be made on the
basis of the submitted report and the viva voceniixation conducted by a board of examiners corstitby the Departmental
Academic Committee consisting of two faculty memlzerd training coordinator with Head of the Depamitnas Chairman during
7". Semester examination

7. Semester
Chemical Engineering
Project Work | (ChE 795)

Each student shall be required under the supenvisia faculty/ joint supervision of a faculty aad external expert to prepare a
project work after carrying out investigation oniadustrial research problem. The research worktag carried out by the
student himself occasionally consulting his sumar(s). The work has to be allotted to the studettie beginning of the seventh
semester indicating the work to be carried outheystudent. The report in duplicate has to be siiunin typed and bound form 7
days before commencement of the seventh semestaiiration. Assessment would be made on the basiiedubmitted report
and the viva voce examination conducted by a boekaminers constituted by the Departmental Aoad€€ommittee consisting
of two faculty members and the supervisor andxaereal examiner with Head of the Department as 1@eai during . Semester
examination

8". Semester
Chemical Engineering
Modeling, Simulation and Optimization (ChE 801A)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module I: 10L

Introduction to system. Deterministic process atwtlsastic process, Concept of Physical modeling mathematical modeling.
Uses of mathematical models in Chemical Engineefdogcept of simulation and process analysis.

Lumped and distributed parameters models. Modelfingimple hydraulic tank, enclosed vessel, mixiegsel, simultaneous mass
and energy balance, Continuous heating in a stiemgusing jacket and using coil. Modeling of cateped tank.

Module II: 10L

Modeling of Heat and Mass Transfer: Modeling of m®n current double pipe heat exchanger, counteeruheat exchanger
involving separation of a mixture gases by pernngatiirough a semi permeable material.

Modeling of a multi-component flash drum (Steadjtestand Rigorous model)
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Simulation of multi-component distillation columitheoretical rhodel for an equilibrium stage, MESHi&tipns, Wang-Henke
bubble method, sum-rate method.

Module Il 10L

Chemical Reactor Simulation: Modeling and simulatidiisothermal and non-isothermal operation of baegctor, isothermal and
non isothermal CSTR and Semi-batch reactor, Steady-shultiplicities in CSTR, Thermal stability analysf CSTR, Non-
isothermal operation of a single-homogeneous gaseplneaction in PFR, Diffusion and chemical reaetiatalytic reaction in
packed bed reactor.

Module 1V 10L

Introduction to Flow sheeting: Concept of flow sliegt various methods of flow sheeting-equationmige approach and modular
approach.

Process Optimization: Concept and utility of proceptimization one variable optimization (Newton'sthod, Secant methods,
dichotomous search, Fibonacci, golden search mgt@mohstrained Optimization: Simplex method,

Unconstrained optimization: Direct search technigne gradient search technique.
Text Book/:
1. Luyben, W.L., Process modeling simulation andt@pMGH
2. Modeling & Simulation in Chemical Engg. R.E.FranBohn Willey & Sons
References
1. Henley and Seader, Multistage separation
2. Froment and Bischoff, Chemical reactor analysisaesign, Weiley.
3. Westerberg, A.W., Hutchinson, H.P., Motard, Rand Winter,P., Process Flowsheeting, CUP(1979)
6. Chemical Process Simulation : Wiley Eastern WX Delhi, Asghar Hussain
7. Edger, T.F. and Himmelblau, D.M., OptimizatidnGhemical Process, MG
8". Semester
Chemical Engineering
Reactor Design and Analysis (ChE801B)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out wfhich five questions are to be answered taking déast one from each
module. All questions carry equal marks
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Module I: 10L

General Introduction, Stoichiometry, Rate equati@ffect of temperature on reaction rate, Evaluatibkinetic parameters by
differential, integral and half life methods, Fastaffecting homogeneous and heterogeneous reaeties Constant volume and
variable volume problem.

Module 1I: 10L
Reactors: Types of reactors, Advantages and Dissalyas, Reactor Selection, Applications

Homogeneous Reactor Design: Formulation of ideatoealesign equations for simple models of batakecthflow and plug flow
reactors.

Combination of reactors of various types in eitteies or parallel operation.

Selection of proper contacting patterns for mudtiactions occurring in either series or parallel.
Design of bioreactors (batch, PFR and chemostagrfaymatic and microbial fermentation.
Module 11I: 10L

Description of heterogeneous catalytic reacterg, packed bed reactor, tubular reactor, mixed flovet@a slurry reactor, trickle
bed reactor.

Design of heterogeneous catalytic reactors, céaioml@f catalyst requirement, flow regimes, pressinop.
Differential and Integral reactors

Diffusional resistances and their effect on catalsgactor design.

Design of Fluidized Bed Reactor.

Reactor Internals: component and use.

Evaluation of conversion in non ideal reactors fieirD study using experimental data and model equsitio
Module 1V: 10L

Introduction to non isothermal reactor design, Bgdralance equations for batch and flow reactova/uzation of batch and flow
reactor volumes for adiabatic reaction.

Reactor Safety: Temperature excursion, temperatumgay, stability criteria.
Trouble Shooting: High reactor pressure drop, Riresgulsing of reactors, Channeling, Flow maldistiimn.

Text Books / References

1. Chemical Engineering Kinetics®3Edition, J.M. Smith . MGH
2. Elements of Chemical Reaction Engineerirﬁ'@,e@ition, H. Scott Fogler, Prentice Hall
References

1. Chemical Reaction Engineering®.2 3. editions, O Levenspiel.: Wiley Eastern Ltd.

2. Chemical Reactor Analysis and Design Fundameritals, Rawlings and J. G. Ekerdt. Nob Hill
Publishing.

.3 Chemical Engineering Kinetics And Reactor Des@ug. Hill, Wiley

4. The Engineering of Chemical Reactiors, Edition, L. D. Schmidt, Oxford
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8", Semester

Organisational Behaviour

HU801A
Contracts: 2L
Credits- 2
1. Organizational Behaviour: Definition, Importance stérical Background, Fundamental Concepts of OB, Ohgdle and
Opportunities for OB. [2]
2. Personality and Attitudes: Meaning of personalPgrsonality Determinants and Traits, DevelopmenPefsonality,
Types of Attitudes, Job Satisfaction. [2]
3. Perception: Definition, Nature and Importance, Bextinfluencing Perception, Perceptual Selectivitink between
Perception and Decision Making. [2]
4. Motivation: Definition, Theories of Motivation - Méow’s Hierarchy of Needs Theory, McGregor's Thedy& Y,
Herzberg's Motivation-Hygiene Theory, Alderfer's ERTheory, McClelland’s Theory of Needs, Vroom's Egfa@cy
Theory. [4]
5. Group Behaviour: Characteristics of Group, Types @fups, Stages of Group Development, Group Decislaking.[2]
6. Communication: Communication Process, Direction aih@wnication, Barriers to Effective Communication. [2]
7. Leadership: Definition, Importance, Theories of dewship Styles. [2]
8. Organizational Politics: Definition, Factors cobtrting to Political Behaviour. [2]
9. Conflict Management: Traditional vis-a-vis ModerneWi of Conflict, Functional and Dysfunctional Conflic€onflict
Process, Negotiation — Bargaining Strategies, Natjoti Process. [2]
10. Organizational Design: Various Organizational Stumes and their Effects on Human Behaviour, Conceyts
Organizational Climate and Organizational Culture. [4]
References:
1. Robbins, S. P. & Judge, T.A.: Organizational Beha\i@arson Education, #%dn.
2. Luthans, Fred: Organizational Behavior, McGraw Hit" Edn.
3. Shukla, Madhukar: Understanding Organizations -a@mational Theory & Practice in India, PHI
4, Fincham, R. & Rhodes, P.: Principles of Organizafi@enaviour, OUP, ¥ Edn.
5. Hersey, P., Blanchard, K.H., Johnson, D.E.- Manageroé Organizational Behavior Leading Human ResouyrbBéd,
10" Edn.
Or
Project Management
HU801B
Contracts: 2L
Credits- 2
1. Project Management Concepts: Concept and Chardicteia$ a Project,

w N

RN U A

Importance of Project Managemej.

Project Planning: Project Evaluation, Financial i8es, Feasibility Studief4]

Project Scheduling: Importance of Project Schedyork Breakdown Structure and Organization Breakd8tvucture,
Scheduling TechniquesGantt Chart and LOB\etwork Analysis — CPM/PERT6]

Time Cost Trade-off Analysis — Optimum Project Digat[2]

Resource Allocation and Leveling@]

Project Life Cycle[2]

Project Cost — Capital & Operating Costs, Project Ofele Costing, Project Cost Reduction Methd#k.

Project Quality Management: Concept of Project QualiQM in Projects, Project Audifl]

Software Project Charateristics and Mangenfizht
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10. IT in Projects: Overview of types of Softwares"ije'cts, Major Features of
Project Management Softwares like MS Project, Gatefor Software Selectiorfi2]

References

1. Gopalkrishnan P. and Rama Mmoorthy: Text Book oféitoManagement, Macmillan
Nicholas John M.: Project Management for Business Bechnology — Principles and Practice, Prentich Hdia, 2
Edn.

3. Levy Ferdinand K., Wiest Jerome D.: A Managemenidéto PERT/CPM with GERT/PDM/DCPM and other networks,
Prentice Hall India, ¥ Edn.

4. Mantel Jr., Meredith J. R., Shafer S. M., SuttonM, Gopalan M. R.: Project Management: Core Text BabKey
India, I Indian Edn.

5. Maylor H.: Project Management, Pearsofi Rin.

. Nagarajan K.: Project Management, New Age Inteomati Publishers,"SEdn.
7. Kelkar. S.A, Sotware Project Management: A con&isgly, 29Ed., PHI

Chemical Engineering
Nanotechnology (ChE802A )

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module 1 (10 Lectures):

Introduction to the physics of solid state; Struet& Bonding

Elements of nanoscience & nanotechnology.

Module 2 (10 Lectures):

Synthesis of nanomaterials: General approachesj¢zhywlethods, Chemical Methods & Biological Methods;
Properties of nanomaterials: Mechanical, Structrnaérmal, Electrical & Optical properties.

Module 3 (10 Lectures):

Characterization techniques of nanomaterials: M@wpg; Spectroscopy; & Diffraction techniques; Sospecial nanomaterials:
Carbon nanotubes, Porous silicon, Zeolites, Aero@xse-shell nanoparticles.

Module4 (10 Lectures):

Application: Nanolithography, Nanocomposites, Naamtiples as catalyst, conducting polymers; nanaieldgy: DNA Nanowires,
Nanomedicines.

Text book

1. NANOTECHNOLOGY: Principles & Practices; Sulabh K. IKarni, Capital Publishing Company, Kolkata
References

1. Principles of nanotechnology: N. Phani kumarieti, Kolkata
2. Introduction to nanotechnology: ChaRe$oole & Frank Li Owens, Wiley India (Y, New Delhi

65



Syllabus for B.Tech(Chemical Engineering) Second Year

& 3" Year (Proposed)
Revised Syllabus of B.Tech CHE (for the students who were admitted in Academic Session 2010-2011)

WEST BENGAL
BNIFIZRI O HERRH B4

8". Semester
Chemical Engineering
Polymer Science and Engineering (ChE 802B)

There shall be one compulsory objective type questiccomprising 10 Nos. spread over the entire syllalsuand each carrying
one mark.

Two questions are to be set from each module out @fhich five questions are to be answered taking &ast one from each
module. All questions carry equal marks

Module I: 10 L

Definitions and concepts of terms used in polymegimeering, Classification of polymers; Polymer stawes, functionality;
polymerization reactions — mechanism of polymerimgtstereospecific polymerization, copolymerizatio

Module 11: 10 L

Polymerization reactors, polymerization processbmracterization of polymers, analysis of polymetin reactions, polymer
degradation.

Module 111: 10 L

Molecular weight and molecular weight distribution polymers, properties of polymers — physical, mleal, mechanical and
electrical properties of polymers, elementary idegolymer rheology, polymer blends.

Module 1V:10 L

Polymer processing: modeling — compression & tremdhjection & jet; casting; extrusion, calendaginamination, spinning &
finishing.

Text Books:
1. Text Book of Polymer Science, F. W. Billmeyer, dafiley, New York
2. Polymer Science & Technology, P.Ghosh, TMC
References
1. The elements of Polymer Science & Engineerirfyed Rudin, Academic Press'®2
Edition.
2. Introduction to Polymers, R. J. Young, ChapmaHa, London
8". Semester
Chemical Engineering

Plant Design (ChE 891)
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Each student shall be required under the supenvisia faculty to carry out plant design of an istlially important process to be
assigned by the concerned faculty. The design Wwaskto be carried out by the student himself oocadly consulting his
supervisor. The problem has to be allotted to théentat the beginning of the eighth semester aiilig the plant capacity.. The
report in duplicate has to be submitted in typed laound form 7 days before the commencement dfititeh (Final) semester
examination. Assessment would be made on the bi#ie submitted report and the viva voce examimationducted by a board of
examiners constituted by the Departmental Acadé&oimmittee consisting of two faculty members and shpervisor and an
external examiner with Head of the Department asr@iaa during &. Semester examination

8", Semester
Chemical Engineering
Project Work Il (ChE 892)

Each student shall be required under the supervidia faculty / joint supervision of a faculty aad external expert to prepare a
project work after carrying out investigation oniadustrial research problem. The research worktag carried out by the
student himself occasionally consulting his sumsan(is). The work has to be allotted to the studethe beginning of the seventh
semester indicating thework to be carried out leystudent. The report in duplicate has to be suibdih typed and bound form 7
days before the commencement of the eighth sen®stenination. Assessment would be made on the basie submitted report
and the viva voce examination conducted by a bohexaminers constituted by the Departmental Aodad€ommittee consisting
of two faculty members and the supervisor andxereal examiner with Head of the Department as @i during 8. Semester
examination

8", Semester
Chemical Engineering
Grand Viva Voce (ChE 893)

This is a Viva — Voce examination to ascertaingtuelent’s overall grasp of the principles of Chernifregineering and allied
subjects. Assessment would be made on the basis @fva voce examination conducted by a boardkafréners constituted by the
Departmental Academic Committee consisting of tiaealty members with Head of the Department as Gfairduring &.
Semester examination.
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