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CHEMICAL PROCESS EQUIPMENT DESIGN-II

Course Code: ACH1129 L T P C
4 0 0 4

AIM :

To provide studentswith useful design methods and techniquesrequired
indifferent unit operationsof chemical industry

OBJECTIVE:

Thiscourseintroducesthe student to the design of some chemical Engg.
Equipment.

UNIT-I

Tray type of absorbers: criteria for selection, types of distributors,
calculation of number of plates, and pressure drop.

UNIT -1

Packed bed type of absorbers. Types of packing, Height of transfer
unit, Number of Transfer units, overall column height, Pressure drop
cdculaions.

UNIT-111

McCabe-Thiele method, for binary distillation , Fensky-Underwood-
Gillilandsmethod ca culation of minimum reflux, minimum platesandred
number of plates.

UNIT-IV

Criteriafor selection of distillation column, selection of key components,
selection of operating pressure.

UNIT-V

Determination of distillation column diameter, selection of liquid flow
pattern, total pressure drop in column, design of downcomer, Tray
efficiency and height equivalent of theoretical plate, Tray efficiency,
calculation of flooding vel ocity and weping velocity
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UNIT-VI

Typesof extractors(mixer-settler, un-agitated columns, agitated columns,
centrifugd extractor), selection of extractors, selection of solvents, process
design of extractors, supercritical extraction

UNIT-VII
Typesof reactors, processdesign of batch reactor and continuous flow
reactors, selection of reactor

UNIT-VII
Processdesign of piping, processdesign of pumpshblowersand extractors,
flow meters, process design of orifice meters and rotameters.

TEXT BOOKS:

1.  CoulsonJ.M and Richardson J.F, “Chemical Engineering”, VVol.
6, Pergamon Press, 4 Ed, 2005.

2.  Thakore S.B. and Bhat, B.I, *“Introduction to Process
Engineering and Design”, TataMcGraw-Hill Publishing Co.,
New Delhi, 2007.

3. Seader J.D., and Henley E.J, “ Separation Process Principles’,
John Wiley, New York , 2 Ed, 2006.
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TRANSPORT PHENOMENA

Course Code: ACH1130 L T P C
) 4 1 0 4

AIM :

To give a balanced overview on the field of Transport phenomena,
present fundamental equation sand illustrate how to solvethem.

OBJECTIVES:

As transport phenomena includes three closely related topics like
Momentum, Mass and energy transport, this subject will enable the
student to apply these conceptsin various chemical processengineering
aspects and help them be better designers

UNIT-I

Viscosity and the mechanisms of momentum transfer: Newton’slaw of
viscosity (molecular momentum transport), generalization of Newton's
law of viscosity, pressure and temperature dependence of viscosity,
molecular theory of theviscosity of gasesat |ow dengty, molecular theory
of theviscosity of liquids.

UNIT-11

Therma conductivity and the mechanismsof energy transport: Fourier’s
law of heat conduction (molecular energy transport), temperature and
pressure dependence of thermal conductivity, and theory of thermal
conductivity of gasesat low density.

UNIT-11

Diffusivity and the mechanismsof masstransport: Fick’slaw of binary
diffusion (molecular masstransport), temperature and pressure dependence
of diffusivities, theory of diffusioningasesat low density.

UNIT-1V

Shell momentum balancesand vel ocity distributionsin laminar flow: shell
momentum bal ancesand boundary conditions, flow of afaling film, flow
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through a circular tube, flow through annulus, flow of two adjacent
immisciblefluids, creeping flow around asphere.

UNIT-V

Shell energy ba ancesand temperature distributionsin solidsand laminar
flow: shell energy balances, boundary conditions, heat conductionwith
an electrical heat source, heat conduction with anuclear heat source, heat
conduction with aviscous heat source, heat conductionwith achemical
heat source, heat conduction through compositewalls, heat conduction
inacooling fin, forced convection, free convection.

UNIT-VI

Concentration distributionsin solidsand laminar flow: shell massbal ances,
boundary conditions, diffusion through astagnant gasfilm, diffusonwith
aheterogeneouschemical reaction, diffusonwith ahomogeneouschemica
reaction, diffusonintoafalingliquidfilm (gasabsorption), diffusoninto
afallingliquid film (solid dissolution), diffusion and chemical reaction
inside aporous catalyst.

UNIT-VII

Theequationsof changefor isotherma systems:. the equation of continuity,
the equation of motion, the equation of mechanical energy, the equation
of angular momentum, the equationsof changeintermsof the substantial
derivative, useof theequationsof changeto solveflow problems. Vel ocity
digtributionsin turbulent flow: comparisonsof laminar and turbulent flows,
time- smoothed equations of changefor incompressiblefluids, thetime-
smoothed velocity profile near awall.

UNIT-VIII

Theequationsof changefor non- isotherma systems:. theenergy equation,
specia formsof the energy equation, the boussenis equation of motion
for forced and free convection, use of the equations of changeto solve
steady state problems. The equations of change for multi component
systems: the equations of continuity for amulti component mixture.

TEXT BOOK:

1. Bird R.B., Stewart W.C., Lightfoot F.N., “Transport
phenomena’, John Wiley & Sons,U.S.A,2 Ed 1960.
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REFERENCES:

1

Theodore, L. “ Transport Phenomenafor Engineers’, International
text book company, U.S.A.1971.

Geankoplis, C.J. “Transport Processes and Unit Operations’,
PHI, New Delhi, 3,Ed , 1997.

Wty J R, WicksC.E, Wilson R.E, “ Fundamenta of Momentum,
Heat and Mass Transfer”, John Wiley, 4 Ed, 2009.
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CHEMICAL ENGINEERING MATHEMATICS

Course Code: ACH1131 L T P C
4 1 0 4

AlIM :

The aim of this course is to introduce the student the concept of
mathematical modding.

OBJECTIVES:

Thiscourseteachesthe student the variousanalytical techniquesto solve
the Mathematical models.

UNIT-I

FORMULATION OF PHYSIOCHEMICAL PROBLEMS:
Introduction, lllustration of the Formulation Process (Cooling of Fluids),
Combining Rate and Equilibrium Concepts (Packed Bed Adsorber),
Boundary Conditions and Sign Conventions, Summary of the Model
Building Process, Model Hierarchy and itsImportancein Analysis.

UNIT-II

SOLUTION TECHNIQUESFOR MODELSYIELDING
ORDINARY DIFFERENTIAL EQUATIONS(ODE) :
Geometric Basisand Functionality, Classification of ODE, First Order
Equations, Exact Solutions, Equations Composed of Homogeneous
Functions, Bernoulli’sEquation, Riccati’s Equation, Linear Coefficients,
First Order Equations of Second Degree,

UNIT-111

Solution Methods for Second Order Nonlinear Equations, Derivative
Substitution Method, Homogeneous Function Method, Linear Equations
of Higher Order, Second Order Unforced Equations. Complementary
Solutions, Particular Solution Methodsfor Forced Equations, Summary
of Particular Solution Methods, Coupled Simultaneous ODE, Summary
of Solution Methods of ODE.
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UNIT-IV

SERIES SOLUTION METHODS AND SPECIAL
FUNCTIONS:

Introduction to SeriesMethods, Propertiesof Infinite Series, Method of
Frobenius, Indicial Equation and Recurrence Relation, Summary of the
Frobenius Method, Special Functions, Bessel’s Equation, Modified
Bessal’s Equation, Generalized Bessel Equation, Properties of Bessel
Functions, Differential, Integral and Recurrence Relations.

UNIT-V
INTEGRAL FUNCTIONS:

Introduction, The Error Function, Properties of Error Function, The
Gammaand Beta Functions, The GammaFunction, The BetaFunction,
TheElliptic Integrals, The Exponential and Trigonometric Integrals.

UNIT-VI

STAGED-PROCESSMODELS: THE CALCULUSOFFINITE
DIFFERENCES:

Introduction, Modeling Multiple Stages, SolutionsMethodsfor Linear
Finite Difference Equations, Complementary Solutions, Particular Solution
Methods, Method of Undetermined Coefficients, Inverseoperator Method,
Nonlinear Equations (Riccaati Equation.

UNIT-VII

LAPLACE TRANSFORMS:

Laplace Transformations: Building Blocks, Taking the Transform,
Transformsof Derivativesand I ntegras, The Shifting Theorem, Transform
of Digtribution Functions, Practical Inversion Methods, Partia Fractions,
Convolution Theorem, Applicationsof L aplace Transformsfor Solutions
of ODE.

UNIT-VIII

SOLUTION TECHNIQUES FOR MODELS PRODUCING
PDEs:

Introduction, Classification and Characteristics of Linear Equations,
Particular Solutionsfor PDES, Boundary and Initid Conditions, Combination
of VariablesMethod, Coated Wall Reactor, Orthogonal Functionsand
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Sturm-Liouwville Conditions, The Sturm-Liouville Equation, Inhomogeneous
Equations, Applications of Laplace Transformsfor Solutionsof PDEs.

TEXT BOOK :

1. Richard, G R. and. Do, D. D. “Applied Mathematics and
Modeling for Chemical Engineers’, John Wiley & Sons, New
York, 1995.

REFERENCE :

1. Mickley, H.S.,Sherwood, T.K. and Reed, C.E,Applied
Mathematics in Chemical Engineering, 2 ed., Tata McGraw-
Hill, New Delhi Publications, 1975.

2. Jenson, V.J. and Jeffereys, GV “Mathematical Methods in
Chemical Engineering”, Academic Press New York 2 Ed,
1977.
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MEMBRANE SEPARATION PROCESSES

Course Code: ACH1132 L T P C
4 0 0 4

AlIM:

This course explains the general aspects and importance of various
membrane processes and the various mechanisminvolved in membrane
based separations.(QualitativeTreatment only)

OBJECTIVES:

Membrane are finding an important role in various operation in the
industry. The coursesintroducesto these useful operations

UNIT-I

INTRODUCTION: Separation process, membrane processes, definition
of amembrane, classifications membrane processes.

UNIT-II

PREPARATION OF SYNTHETIC MEMBRANES: Types of
Membranematerials, phaseinverson membranes, preparation technique
for immersion precipitation, preparation technique for composite
membranes.

UNIT-111

CHARACTERIZATION OF MEMBRANES: Introduction,
membrane characterization, characterization of porous membranes,
characterization of non-porous membranes.

UNIT-1V

MEMBRANE PROCESSES: Introduction, pressuredriven membrane
processes: Introduction, microfiltration, membranesfor microfiltration,
indudtrid goplications, ultrafiltration: membranesfor ultrafiltration, indudtrid
applications, reverse Osmosisand nanofiltration: membranesfor reverse
osmosisand nanafiltration, industria applications.
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UNIT-V

ELECTRICALLY DRIVEN PROCESSES: Introduction,
electrodialysis, Process parameters, membranes for electrodialyss,
applications, Membraneéelectrolys's, Bipolar membranes, Fuel Cells.

UNIT-VI

CONCENTRATION DRIVEN MEMBRANE PROCESSES: Gas
separation: Membranesfor gas separation, applications, pervaporation,
membranes for pervaporation, applications, dialysis. membranes for
dialysis, applications, liquid membranes. aspects, liquid membrane
devel opment, choice of the organic solvent and carrier, Applications.
UNIT-VII

POLARIZATION PHENOMENONAND FOUL ING: Introduction
to concentration polarization, turbulence promoters, pressure drop,

concentration polarization in diffusve membrane separationsand electro
didysis, membranefouling, methodsto reducefouling.

UNIT-VIII

MEMBRANE MODULES: Introduction, plate and frame module,
spiral wound module, tubular module, capillary module, hollow fiber
module, comparison of modul e configurations.

TEXT BOOKS:
1.  Marcel Mulder, Basic Principles of Membrane Technology,
Springer Publications 2 Ed., 2007

REFERENCES:
1.  Nunes, S.P, Peinemann, K.V, “Membrane Technology in the
chemical industry”, Wiley-VCH, 2 Ed, 2006.

2. Rautanbach and Albrecht, R., “Membrane Process’, John Wiley
& Sons.,1989.

3. Crespo, J.G, Bodekes, K.W., “Membrane Processes in
separation and Purification”, Kluwer Academic
Publications.Netherland,1994.

4.  Geankoplis, C.J. “Transport processes and Unit Operations”
PHI, New Delhi, 3Ed, 2002.

5. Wankat, R. C. “Rate- Controlled Separations’, Springer, 1994.

—mlD ¢ ©) * GE—

G V P College of Engineering (Autonomous) 2012-13



APPLIED NUMERICAL METHODS
(ELECTIVE-I)

Course Code: ACH1133 L T P C
4 0 0 4

AlIM:

Thiscoursetrainsthestudentsinlearning and gpplying numerica techniques
to solvetheusual chemical engineering problems.

OBJECTIVES:

Numerical techniques are needed to solve non-linear problemsand this
course teaches some of these techniques.

UNIT-I

NONLINEARALGEBRAIC EQUATIONS: Introduction, smplefixed
point method, Two variable Newton-Raphson Technique, Simultaneous
Non linear equations,

UNIT-I1

LEAST SQUARESREGRESSI ON : Linear Regression, Polynomial
Regression, Non linear Regression.

UNIT-111

ODV INITIAL VALUE PROBL EM S(1VP): Introduction: Importance
of VP, Euler-Explicit and Implicit methods, R-K Methods.

UNIT-1V
ODE BOUNDARY VALUE PROBLEMSBVP): Introduction:
Importance of BV FP's, shooting method technique to solve ODEBVP's.

ODE BVP'S APPLICATIONS: PFR with non linear kinetics and
axid diffuson, Heet Trandfer through aFin, effectivenessfactor caculation
for slab and spherical geometries.

UNIT-V
ODE FINITE DIFFERENCE METHOD(FDM): Importance:
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Forward , Backward and Central Difference schemes, Methods for
solving problemsof PFRwithnonlinear kineticsand axia diffusion, Heat
Transfer through a Fin, effectiveness factor of a slab and spherical
geometries.

UNIT-VI

PARTIAL DIFFERENTIAL EQUATION (PDE) —FDM
APPLICATIONS: Importance: Forward, Backward, Centrd differencing
schemes, Implicit and Explicit schemes for Unsteady state problems,
Crank-Nicholson scheme. Applications. 2 Dimensional steady state Heat
Transfer, Unsteady Heat Transfer with 1 dimensional space.

UNIT-VII

ORDINARY DIFFERENTIAL EQUATIONS (ODE) -
ORTHOGONAL COLLOCATION(OC) APPLICATIONS:
Importance: Theory of Legendre Polynomials, Generating the Matrices
for OC, solving Hesat Transfer through aFin, Effectivenessfactor caculation
for aslab and spherical geometry.

UNIT-VIII

PARTIAL DIFFERENTIAL EQUATION (PDE) — OC
APPLICATIONS: 2Dimensiond steady state Heet Transfer, Unsteady
Heat Transfer with 1 dimensional space.

TEXT BOOK:

1. Gupta, SK. “Numerical Methods for Engineers’” New Age
International (P) Ltd, 1995.

REFERENCE :

1. Rice, R.G. and. Do, D.D., “Applied Mathematicsand Modeling
for Chemical Engineers’, John Wiley & Sons, New York,
1995.
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CORROSION ENGINEERING
(ELECTIVE)

Course Code: ACH1134 L T P C
4 0 0 4

AlIM:

This course introduces the student the basics of electro chemistry and
corrosion Engg.

OBJECTIVES:

Corrosionisamajor industria problem and the present courseintroduces
the student thetechnical aspectsof Corrosion Engg., their measurement
& prevention.

UNIT-I

Definitions-explanation with suitableexamples Factorsaffecting thechoice
of Engineering Material-Factors affecting Corrosion resistance-Dry
Corrosion, Wet Corrosion- Corrosive mediaor environments- acidic,
basic, neutra marine-Corrosion Rate expressions-Effect of aeration, flow
rate of the medium, corrosive concentration, temperature, pH on the
ratesof Corrosion. Direct and indirect costsdueto corrosioninIndustrid
practice- Corrosion rates determination from weight |oss measurements.

UNIT-I1

Basic e ectrochemical relevant to corrosion-Anode, Cathode, €l ectrolyte,
conductivity, resstivity, Electrochemical theoriesof Corrosion- relevant
reactionsat the respective metal/alloy el ectrodes, Mixed Potentia theory
of Electrochemical Corrosion, Electrode potentials- reversible and
irreversible- EMF series, Galvanic Seriestheir significancein corrosion
monitoring-Corrosion Potential-representation by Evans Diagrams-
Polarization-Over voltage, Activation and Concentration polarization-
TafelsEquation, Tafelsconstantsin determination of Corrosion Current
densities and Corrosion rates- Nernst Equation and determination of
Corrosion potentials. Thermodynamic aspects of Corrosion reactions-
Potential-pH phase diagram for Iron-Water system.
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UNIT-I11

A Corrosion Cell —its components with examples —types of corrosion
cdlsgeneraly encountered-concentration cdlls, gavanic or dissmilar metd
cells, temperature differentiation cells, Differential aeration cells. Forms
of Corrosion-Uniform, Pitting, crevice corrosion, Cavitation erosion,
impingement attack, Parting, Corrosion fatigue- metallurgical aspects
affecting corrosion reactionsAreaeffect, Grain boundary effect.

UNIT-1V

Dezinaification, Intergranular Corrosion, mechanismand remedia measures,
StressCorrogion Cracking, Caustic embrittlement, Hydrogen embrittlement
mechanism and remedial measures-mechanism of differential aeration
corrosion and remedial measures. Biological corrosion dueto bacteria
habitat, Combination of two dissimilar metal electrodes and relevant
current-potential diagramsto eva uate corrosion rates-gavanic Corrosion.

UNIT-V

Combeating Corros on—Corrosion testing methods: Weight L ossmethods,
standard expressionfor corrosion rates-Huey Test, Streicher Test, Warren
Test for corrosion. Linear Polarization Techniqueto evaluate corrosion,
Interpretation of corrosion data by Nelson's Method.

UNIT-VI

Corrosion Prevention Methods generally followed-Coatings, Organic
(paints) and Inorgani ¢ coatings-Chemica Conversion coatings- Altering
theenvironment, inhibitors organic and inorganic, atering or modifying
themateria, aloying essentia design rulesduring fabrication and other
precautionsduring thechoiceof thematerid for agiven serviceenvironmen.

UNIT-VII

Passivity, Anodic Protection and Cathodic Protection, Sacrificial anode
Method —Current impressed Method- galvanizing of stedl.

UNIT-VIII

Sdectionfor agiven Chemica Engineering Service Environment- Materids
for Chemica Engineering Indusiry toresi st thegiven chemica Environment.-
Ferritic, Augtenitic ted sand stainlesssted s-Copper anditsaloys-Brasses,
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bronzes, Nickel anditsaloys- Monel alloys-materialsfor apetroleum

refinery industry.

TEXT BOOKS:

1. FontanaM.G “Corrosion Engineering”, TataMcGraw Hill, New
York, 3 Ed, 2005.

2. Uhlig, H.H., “Corrosion and Corrosion Control” John Wiley &
Sons, New York, 3 Ed, 1985.
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SAFETY AND HAZARD ANALYSIS
(ELECTIVE-])

Course Code: ACH1135 L T P C
4 0 0 4

AlM:

Toimpart fundamental knowledge of safety requirementsin Chemical
indudtry.

OBJECTIVES:

These fundamental swill make students understand the safety concepts
thoroughly and then apply accordingly.

UNIT-I

INTRODUCTION: Safety program, Engineering ethics, Accident and
loss statistics, Acceptablerisk, Public perception.

UNIT-II

TOXICOLOGY : How toxicantsenter biologica organisms, How toxicants
areeliminated from biological organisms.

UNIT-11

INDUSTRIAL HYGIENE: Government regulations, Identification,
Evaluation, Control.

UNIT-IV

FIRESAND EXPLOSIONS: Thefiretriangle, Distinction betweenfire
and explosions; Definitions, Flammability characteristicsof liquidsand
vapors, LOC and inerting, ignition energy, Auto ignition, Auto oxidation,
Adiabatic compression, Explosions.

UNIT-V

DESIGNS TO PREVENT FIRESAND EXPLOSIONS: Inerting,
Explosion proof equipment and insruments, Ventilations, Sprinkler systems.
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UNIT-VI
INTRODUCTION TO RELIEFS: Relief concepts, Definitions,
Location of reliefs, Relief types, Datafor sizing reliefs, Relief systems.

UNIT-VII

RELIEF SIZING: Conventional spring operated relief’s in liquids,

Conventional spring operated relief’sin vapor or gas service, Rupture

discrelief’sinliquid, vapour or gas service.

UNIT-VIII

HAZARDSIDENTIFICATION: Processhazards checklists, Hazard

surveys, Hazop safety reviews.

TEXT BOOK:

1 Crowe, D.A.and Louvar, J.F. “Chemical Process Safety
(Fundamentalswith applications)”, Prentice Hall ,1990.

REFERENCE:

1. Fawcet, H.H. and.Wood, W.S. “ Safety and Accident Prevention
in Chemical Operations’, 2 Ed, JohnWiley, New York 1982.

2. Sinnot, RK.“Coulson and Richardson’'s, Chemical Engineering”
Vol.6, Butterworth-Heinmann Limited 1996.
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NON CONVENTIONAL SOURCES OF ENERGY
(ELECTIVE-)

Course Code: AME1135 L T P C
4 0 0 4

AlIM:

Tointroduceand familiarize the student with the variousrenewabl e sources
of energy.

OBJECTIVE:

Renewable sources of energy is an area of research and devel opment
especially for countrieslike India. So the student should bein aposition
to take up small scale projects, as entrepreneurs, since the cost of
investment isminimal in some of the sources.

UNIT-I
Introduction to various renewabl e sources of energy.

SOLAR RADIATIONS: Extraterrestrid radiation, Spectra distribution,
Solar constant, Solar radiationson earth, Measurement of solar radiations,
Solar radiation geometry, Longitude, Latitude, Declination angle, Surface
azimuth angle, Hour angle, Zenith angle, Solar adtitude angle expression
for angle between incident beam and the normal to aplane surface (no
derivation), Local apparent time, Apparent motion of sun, Day length,
Solar radiation datafor India

UNIT-II

SOLAR ENERGY: Solar thermal power and its conversion, Solar
collectors, Flat plate, Performance analysis of flat plate collector, Solar
concentrating collectors, Typesof concentrating collectors, Cylindrica
collectors, Thermal analysisof solar collectors, Tracking CPC and solar
swing . Solar thermal energy storage, Different systems, Solar pond.
Applications- Water heating, Space hesting & cooling, Solar distillation,
solar pumping, solar cooking, Greenhouses, Solar power plants.
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SOLARPHOTOVOLTAIC SYSTEM:: Photovoltaic effect, Efficiency
of solar cells, Semiconductor materialsfor solar cells, Solar photovoltaic
system, Standards of solar photovoltaic system, Applications of PV
system, PV hybrid system.

UNIT-I11

WIND ENERGY: Properties of wind, Availability of wind energy in
India, wind vel ocity, Wind machinefundamentals, Typesof wind machines
andther characteritics, Horizonta and Vertica axiswind mills, Elementary
design principles, performance characteristics, Betz criteria Coefficient of
performance of awind mill rotor, Aerodynamic considerationsinwind
mill design, Sdlection of awind mill, Wind energy farms, Economicissues,
Recent devel opments.

UNIT-IV

BIO-MASS AND BIO-GAS: Principles of Bio-Conversion,
Photosynthesis, Bio gasproduction, Aerobic and anaerobic bio-converson
process, Raw materias, Propertiesof bio gas, Producer gas, Trangportation
of bio gas, bio gasplant technology & status, Community biogas plants,
Problemsinvolved in bio gas production, Bio gas applications, Biomass
conversion techniques, Biomassgasification, Energy recovery fromurban
waste, Power generation fromliquid waste, Biomass cogeneration, Energy
plantation, Fuel properties, Biomassresource developmentin India

UNIT-V

OCEAN ENERGY: Principle of ocean thermal energy conversion,
Waveenergy conversion machines, Power plants based on ocean energy,
Problems associated with ocean thermal energy conversion systems,
Thermoelectric OTEC, Developmentsof OTEC.

TIDAL POWER: Tidesand waves as sources of energy, Fundamentals

of tidal power, Useof tidal energy, Limitationsof tidal energy conversion
sysems.

UNIT-VI
GEOTHERMAL ENERGY: Structure of earth’sinterior, Geothermal
sites, earthquakes & volcanoes, Geothermal resources, Hot springs,
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Steam gjection, Principle of working, Typesof geothermal stationwith
schematic representation, Site selection for geothermal power plants.
Advanced concepts, Problems associated with geothermal conversion.

UNIT-VII

ELECTROCHEMICAL EFFECTSAND FUEL CELLS: Principle
of operation of anacidicfuel cell, Reusablecells, Ideal fuel cells, Other
typesof fuel cells, Comparison between acidic and akaline hydrogen-
oxygenfud cdls, Efficiency and EMF of fud cdlls, Operating characterigtics
of fuel cells, Advantagesof fuel cell power plants, Future potentia of fuel
cels

HYDROGEN ENERGY: Propertiesof hydrogenin respect of itsuse
as source of renewable energy, Sources of hydrogen, Production of
hydrogen, Storage and transportation, Problemswith hydrogen asfudl,
Development of hydrogen cartridge, Economicsof hydrogenfuel andits
use.

UNIT-VIII

DIRECT ENERGY CONVERSION: Need for DEC, Carnot cycle,
limitations, Principles of DEC. Thermo-electric generators, Seebeck,
Pdtier and Joule-Thompson effects, figure of merit, materia's, pplications,
MHD generators, principles, dissociation and ionization, Hall effect,
magneticflux, MHD accd erator, MHD engine, power generation systems,
el ectron gas dynamic conversion, economic aspects.

TEXT BOOK:

1. Ra GD, “Non-Conventional energy Sources’, Khanna
Publishers, 4 Ed, 2008.

REFERENCE:

1.  Kothari D.P, “Renewableenergy resources and emerging tech”,
Prentice Hall of India Pvt. Ltd, 1 Ed, 1990.
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BIOMEDICAL INSTRUMENTATION
(ELECTIVE-I)

Course Code: AEC1130 L T P C
4 0 0 4

AlM:

To give a complete exposure of various recording mechanisms and
physiological parameters measured for diagnostic application.
OBJECTIVES:

. To study different types of electrodes used in bio-potential
recording.

o To understand the characteristics of bio-amplifiersand different
types of recorders.

° To understand how to measure various biochemical and
nonelectrical parameters of human system.

o To study theinstrumentation concerned with measuring the blood

flow
o To study thelatest developmentsin medical imaging systems.
UNIT-I

COMPONENTS OF MEDICAL INSTRUMENTATION
SY STEM S: Bio-amplifier, Static and dynamic characteristicsof medical
instruments. Bio-signalsand characteristics. Problemsencountered with
measurementsfrom human beings, Organization of cell, Nernst equation
and Goldman'’s Equation for membrane Resting Potential Generation,
Propagation of Action Potential,

UNIT-II

BIO-POTENTIAL ELECTRODES& TRANSDUCERS: Electrode
potential, Electrode equivalent circuit, Types of Electrodes-Surface
Electrodes, Needle Electrodes, Micro Electrodes. Transducers for
measuring the physiological parameters
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UNIT-111

BIO-SIGNAL ACQUISITION: Electrical Conduction system of the
heart, ECG leads, Einthoven triangle, ECG amplifier, EEG 10-20 lead
system, EEG amplifier, Specifications and Interpretation of
ECGEEGEMG, ERG EOG

UNIT-IV

BIO-SIGNAL MEASUREMENTS:Blood flow meters-
Electromagnetic blood flow meter, Ultrasonic Doppler blood flow meter.
Blood pressure measurement- Ultrasonic blood pressure monitoring.
Phonocardiograph- Heart sound Microphone and preamplifier, TMT
Machine.

UNIT-V

PHYSIOLOGICAL ASSIST DEVICES & THERAPEUTIC
EQUIPMENT: Pacemakers- Externd & internd, Defibrillators- Externd
& internal, Different typesof Hemodialyser and Hemodialysismachine.
Heart-Lung machine — Oxygenators and Blood pumps. Audio meter,
Opthalmoscope, Shortwave Diathermy, Microwave Diathermy and
Ultrasound Diathermy.

UNIT-VI

OPERATION THEATRE EQUIPMENT AND MONITORING
EQUIPMENT: Spiro meter, Pnemuotachography using strain-gauge,
Plethysmography, Anesthesiamachine, Ventilators, Surgical diathermy,
Humidifiers, Neubilisers. ArrthmiaMonitor, Holter monitor, Ambulatory
Monitor, Fotal Monitor, Incubator.

UNIT-VII

CLINICAL LABORATORY EQUIPMENT: Colorimeter, Flame
photometer, Spectrophotometer, Conductivity meter, Electrophores's,
Chromatography, Blood cell Counter, Blood gas analyzer: pH-pCO,,
pO,, Auto-analyzer, Glucometer.

UNIT-VIII

MEDICAL IMAGING EQUIPMENT: X-ray generation, X-ray tube,
X-ray machine. Computed Tomography (CT), Endoscope, Ultrasound
Imaging system, Magnetic resonance Imaging (MRI), Nuclear Imaging
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systems- Positron Emission Tomography (PET), Single Photon Emission

Tomography (SPECT)

TEXT BOOKS:

1. Cromwell L Weibell FJ., and Pfeiffer E.A., “Biomedical
Instrumentation and Measurements”, PHI, 2 Ed, 1980.

2.  Webster J. G, “Medica Instrumentation, Application and
Design”, John Wiley, 3 Ed., 2009.

3. Arumugam M., “Biomedical Instrumentation”, Anuradha
Publications, 2 Ed., 1994.

REFERENCE:

1. R.S Khandpur, “Hand-book of Biomedical Instrumentation”,
TMH, 2 Ed., 2003.
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POLYMER ENGINEERING
(ELECTIVE-I)

Course Code: ACH1136 L T P C
4 0 0 4

AlIM:

The course introduces the student the basics of Polymer processing &
Polymer technol ogy.

OBJECTIVES:

Thiscourseteachesthe student the various pol ymeri zation techniquesand
the desirable properties.

UNIT-I

INTRODUCTION : Defining Polymers, Classification of Polymersand
Some Fundamental Concepts, Chemical Classification of PolymersBased
on Polymerization Mechanisms, Molecular-weight Distributions,
Configurationsand Crystdlinity of Polymeric Materids, Conformation of
Polymer Molecules, Polymeric Supportsin Organic Synthesis.

UNIT-II

EFFECT OF CHEMICAL STRUCTURE ON POLYMER
PROPERTIES : Introduction, Effect of Temperature on Polymers,
Additivesfor Plagtics, Rubbers, Cdlulose Plagtics, Copolymersand blends,
Cross-linking Reactions, lon-Exchange Resins.

UNIT-111

STEP-GROWTH POLYMERIZATION: Introduction, Esterification

of Homol ogous Seriesand the Equal Reactivity Hypothesis.

UNIT-IV

1) Chain-Growth Polymerization: Introduction, Radical
Polymerization, |onic Polymerization, Anionic Polymerization.

2)  Emulsion Polymerization: Introduction, Aqueous Emulsifier
Solutions.
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UNIT-V

MEASUREMENT OF MOLECULAR WEIGHT AND ITS
DISTRIBUTION: Introduction, End-Group Analysis, Colligative
Properties, Light Scattering, Ultracentrifugation, Intrinsic Viscosity, Gel
Permeation Chromatography.

UNIT-VI

THEORY OF RUBBER ELASTICITY: Introduction, Elastic Force
Between Chain Ends, Stress-Strain Behavior, The Stress Tensor (Matrix),
Measuresof Finite Strain, The Stress Congtitutive Equation, Vul canizetion
of Rubber and Swelling Equilibrium.

UNIT-VII

MECHANICAL PROPERTIES: Introduction, Stress-Strain Behavior,
The Glass Transition Temperature, Dynamic Mechanical Experiments,
Time-Temperature Superposition, Polymer Fracture, Crazing and Shear
Yielding, Fatigue Failure, Improving Mechanical Properties.
UNIT-VIII

POLYMER PROCESSING: Introduction, Extrusion, InjectionMolding
and Fiber Spinning.

TEXT BOOK:

1.  Anil Kumar, Gupta, R.K. “Fundamentals of Polymer
Engineering”, Marcel Dekker, 2 Ed, 2003.
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PETROLEUM REFINING &

PETROCHEMICALS
(ELECTIVE-I)

Course Code: ACH1137 L T P C
4 0 0 4

AlIM :

Cruderefining isamajor operationin thechemical industry . Thiscourse
teaches the students the various aspects of refining.

OBJECTIVES:

Petroleum and petroleum refining isanimportant segment of energy and
Petrochemica chemica products. Thiscourseadequately trainsand equips
the student in understand variousrefining problemsand helpsthemto be
abreast with basi c aspectsof petroleum refining and petrochemica products
UNIT-I

ORIGIN, FORMATION AND COMPOSITION OF
PETROLEUM : Originandformation of petroleum, Reservesand deposits
of world, Indian Petroleum Industry.

UNIT-II

PETROLEUM PROCESSING DATA: Evauation of petroleum,
thermal propertiesof petroleum fractions, important products, properties
and test methods.

UNIT-11

FRACTIONATION OF PETROLEUM : Dehydration and desalting
of crudes, heating of crudepipe still heaters, distillation of petroleum,
blending of gasoline.

UNIT-1V
TREATMENT TECHNIQUES: fraction-impurities, treatment of
gasoline, treatment of kerosene, treatment of |ubes.
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UNIT-V

THERMAL AND CATALYTIC PROCESSES: Cracking, catalytic
cracking, catalytic reforming, Naphthacracking, coking, Hydrogenation
processes, Alkylations processes, | somerization process.

UNIT-VI
Petrochemical Industry — Feed stocks

UNIT-VII
CHEMICALS FROM METHANE: Introduction, production of
Methanol, Formaldehyde, Ethyleneglycol, PTFE, Methylamines.

UNIT-VII

CHEMICALS FROM ETHANE-ETHYLENE-ACETYLENE:
Oxidation of ethane, production of Ethylene, Manufactureof Vinyl Chloride
monomer, vinyl Acetate manufacture, Ethanol from Ethylene, Acetylene
manufacture, Acetal dehydefrom Acetylene.

TEXT BOOKS:

1. Nelson, W.L. “Petroleumrefining Engineering”, Mc Graw Hill,
New York, 4 Ed.1969.

2. Rao, B.K.B.“Modern Petroleum Refining Processes’, Oxford
and IBH Publishing 4 Ed, 2002.

REFERENCES:

1.  Goldstine, R.F. “ThePetroleum Chemicalslindustry” , Taylor
and Francis, London, 1967.

2. Gruese, W.S.and Stevens, D.R. * Chemical Technology of
Petroleum” McGraw* Hill, 1980.

3. Chauvel, A. and Lefevrev, “Petro Chemicals” Volume 1 and
2, Gulf Publishing company 1989.

—©) * G—
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ENERGY ENGINEERING
(ELECTIVE-I)

Course Code: ACH1138 L T P C
4 0 0 4

AlIM:
Thiscourseintroducesthe student the use of energy asasource of energy.

OBJECTIVES:

Energy playsasimportant rolein human life and this courseintroduces
the student the various forms of energy sources.

UNIT-I

Sources of energy, typesof fuels- energy and relative forms. Calorific
vaue- grossand net value, caculation of calorificvauefrom fud analyss,
experimental determination energy resources present and future energy
demandswith REFERENCE to India.

UNIT-II

Coal: origin, occurrence, reserves, petrography, classification, ranking,
analysis, testing, storage, coal carbonization and byproduct recovery,
liquefaction of coal, gasification of coal, burning of coa and firing
mechanism, burning of pulverized cod.

UNIT-I11

Liquid fuels: petroleum: origin, occurrence, reserves, composition,
classfication, characterigtics, fractionation, reforming, cracking, petroleum
products, specification of petroleum products, burning of liquid fuels.
UNIT-IV

Natural gas, coke oven gas, producer gas, water gas, L PG, burning of
gaseousfuels, hydrogen (from water) asfuturefuel ., fuel cels, fluegas,
analysis: Orsat apparatus,

UNIT-V

ENERGY AUDITING: short term, medium term, long term schemes,
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energy conversion, energy index, energy cost, representation of energy
consumption, sanky diagram, energy auditing.

UNIT-VI
BATTERIES

Fundamentals

EMF, reversible cells and irreversible cells, reversible electrodes,
relationship between el ectrical energy and energy content of acell, free
energy changesand emf in cells, relationship between theenergy changes
accompanying acell reaction and concentration of the reactants, effect
of cell temperature on batteries, derivation of number of eectronsinvolved
inacell reactions, thermodynamic cal cul ation of the capacity of abattery,
calculations of energy density of cells, heating effects in batteries,
spontaneous reaction in electrochemical cells, pressuredevelopmentin
sedled batteries.

(i) Factors affecting battery performance :

Factorsaffecting battery capacity, voltageleve current drain of discharge,
types of

Discharge continuous, intermittent, constant current, constant load, constant
power, servicelife, voltage regulation, changing methods, battery age &
storage condition, effect of battery design.

(i) Testing of battery components:

Evaluation of active masses, porosity - mercury porosity meter, liquid
absorption method, surface areameasurement - BET method (nitrogen
absorption.), internal resistance of cells - D.C. methods, polarization
elimination method. |.E. polarization and flash current method A.C.
methods, A.C. impedance method, testing of storage batteries

Storage Batteries
Principledesign construction, advantage and disadvantages.

Primary batteries - Zn-MnQO2 system, carbon-zinc and carbon-zinc
chlorides performance characteristicsand zinc-silver oxide.

Reserve batteries: seawater activated batteries, thermal batteries,
electrolyte activated batteries
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Secondary batteries—lead acid, nickel cadmium, nickel metal hydride,
slver oxidezinc system, lithiumion, Lithium polymer

Batteriesfor Defense applications:

()Army —Lithium based primary batteries

(in)Air force- Silver zinc, nickel cadmium, batteriesused in UAV

(ii) Navy- batteriesfor Torpedo, mines, Decoys, AUV, submarineetc.
Fuel cells & Super capacitor:

Introduction to super capacitors, types of super capacitors, introduction

tofue cdls, typesof fuel cellsand technology development Testing and

Evaluation of high energy & power batteries capacity test -test for

retention of charge, vibration test, lifetest, efficiency test, leakagetest

for sealed cdlls, testing of separators, HRD at normal and low temperature

UNIT -VII

FUEL CELLS: What is a fuel cell, Types of fuel cells, fud cells

applications, main components of aPEM fuel cell.

UNIT -VIII

ENERGY CONSERVATION: conservation methods in process

industries, theoretical analysis, practical limitations.

TEXT BOOKS:

1. Gupta, O.P. “Fuels, Furnaces and Refractories’, Khanna
Publishers,NewDel hi,1990.

1.  Samir Sarkar, “Fuelsand Combustion”, Orient Longman, 2
Ed ,1998.

2. LindenD and Reddy T.B., * Hand book on batteries and Fuel
cells’, McGraw Hill Book Co., New York, 3 Ed., 2002.

3. Frano B., “PEM fuel cells: Theory and practice”, Elsevier,
2005.
REFERENCES:

1. Rai, GD. “Non-Conventional Energy Resources’, Khanna
Publsihers, New Delhi, 1993.
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Sukhathme, S.P. “Solar Energy”. , Tata Mc Graw Hill, New
Delhi, 1996.

Murphy, W.R., Mc.Kay, G. “Energy Management”, Butterworth,
1 Ed, 2000.
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DATA STRUCTURES FOR

ENGINEERING APPLICATIONS
(ELECTIVE-11)

Prerequisite: Computer Programming through C

Course Code: AIT1114 L T P C
4 1 0 4

AlIM:

To empower studentsto build efficient software applicationswith suitable
datastructures.

OBJECTIVE:

To make students understand the software design techniquesfor solving
engineering applicationsof their discipline

UNIT-I

RECURSIONAND LINEAR SEARCH : Preliminariesof algorithm,
Algorithm anaysis and complexity, Recursion: Definition, Design
M ethodology and Implementation of recursive algorithms, Linear and
binary recursion, recursive agorithms for factoria function, GCD
computation, Fibonacci sequence, Towersof Hanoi.

Chapters 1, 2 from Text Book 1
UNIT-11

SEARCHING TECHNIQUES: Introduction, Linear Search, Trangpose
Sequentid, Search, Interpolation Search, Binary Search, Fibonacci Search.

Chapter 15 from Text Book 2.

UNIT-111
SORTING TECHNIQUES: Basic concepts, insertion sort, selection
sort, bubble sort, quick sort, merge sort.

Chapter 12 from Text Book 1
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UNIT-1V

STACKS : Basic Stack Operations, Representation of a Stack using
Arrays, Stack Applications: Reversing list, Factorial Calculation, In-fix-
to postfix Transformation, Evaluating Arithmetic Expressions.

Chapter 3 from Text Book 1.

UNIT-V

QUEUES: Basic Queues Operations, Representation of aQueueusing
array, |mplementation of Queue Operationsusing Stack.

Chapter 4 from Text Book 1.

UNIT-VI

APPLICATIONSOF QUEUES: Applicationsof Queues- Enqueue,
Degueue, Circular Queues, Priority Queues.

Chapter 4 from Text Book 1.

UNIT-VII

LINKED LISTS: Introduction, singlelinked list, representation of a
linkedlistinmemory, Operationsonasinglelinkedlist, mergingtwosingle
linked listsinto onelist, Reversinga single linkedlist, Circular linked
list, Doublelinked list.

Chapter 6 from Text Book 2.

UNIT-VII

TREES: Basictree concepts, Binary Trees: Properties, Representation
of Binary Treesusing arraysand linked lists, operationson aBinary tree
, Binary Tree Traversals(recursive), Crestion of binary treefromin-order
and pre(post)order traversals.

Chapter 8 from Text Book 2.

TEXT BOOKS:

1. RichardF, Gilberg & Behrouz A. Forouzan, “ Data Structures’,
2" Edition, Thomson, 2007.

2. GAV PAI, “Data Structures and Algorithms”, 1% Edition, Tata
McGraw-Hill, 2010.
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REFERENCES:

1. Seymour Lipschutz, “Data Structurewith C”, 1% Edition, TMH,
2009.

2. Debasis ,Samanta “Classic Data Structures’, 2™ Edition,
PHI,2009

3. Horowitz,Sahni, Anderson “ Fundamental s of Data Structurein
C”, 2" Edition, Freed, University Press, 2009.

Note

A small application may beimplemented in software from their
respective disciplines at the end of the course.
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SOFTWARE DEVELOPMENT ENGINEERING
(ELECTIVE-I)

Course Code: ACS1115 L T P C
4 0 0 4

AlM :

o To provide an understanding of the various processes software
engineers may employ in developing contemporary software
systems

o To examine all phases of the software development lifecycle,
frominitial planning through implementation and mai ntenance.

o To develop an understanding of the tools and Techniques
employed in contemporary Software engineering.

OBJECTIVES:

. To demonstratethe skillsrequired to analyze, designfor software
systems.

. To demonstrate an appreciation of good practicesin software
engineering.

o To demonstrate the application of software quality concepts.

UNIT-I

INTRODUCTION TO SOFTWARE ENGINEERING : Theevolving
role of software, Changing Nature of Software, Software Myths.

A GENERICVIEW OF PROCESS. SOFTWARE ENGINEERING
—A layered technol ogy, aprocessframework, The Capability Maturity
Model Integration (CMMI), process patterns, process assessment,
persona and team process models.

UNIT-II

PROCESS MODELS : The waterfall model, Incremental process
models, Evolutionary process Models, The Unified process, agile
methodology.
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SOFTWARE REQUIREMENTS: Functional and non-functional
requirements, user requirements, System requirements, Interface
specification, the Software Requirements document.

UNIT-11

REQUIREMENTSENGINEERING PROCESS: Feashility sudies,
Requirements elicitation and analysis, Requirements validation,
Requirements management.

SYSTEM MODELS: context modds, Behaviorad models, Datamodels,
object models, structured Methods.

UNIT-IV
DESIGN ENGINEERING: Design processand Design qudity, Design
concepts, the design model.

CREATING AN ARCHITECTURAL DESIGN: Software
Architecture, Data design, Architecturd stylesand Petterns, Architectural
Design.

UNIT-V

OBJECT ORIENTED DESIGN: Objects and Object classes, An
Object Oriented design process, Design Evolution.

PERFORMING USER INTERFACE DESIGN: Golden rules, User
interface analysisand design, interface Analysis, interface design steps,
Designevauation,

UNIT-VI
TESTING STRATEGIES: A strategic approach to software testing,
the strategiesfor conventional

Software, Verification Testing and Validation Testing, Different Types of
Testing, the art of Debugging.

UNIT-VII

Client Server Systems - Meaning, Architectureand Design
Web based Systems - Meaning, Architectureand Design
Datawarehouse System - Meaning, Architectureand Design

Introduction to RAD Tool ( 3-4 lab sessions included )
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UNIT-VIII

Write Software Devel opment Specificationsthat include SysemAnaysis
and System design for

a A Web Based Application System

b) A DatawarehouseApplication system

TEXT BOOKS:

1. Pressman R.S “Software Engineering, A Practitioner’s
Approach”, TMH, 7 Ed, 2008.

2. Han J and Kamber M “Data Mining — Concepts and
Techniques”, Morgankaufmann Publishers, 2 Ed, 2008.

— e e E—
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COMPUTER AIDED DESIGN OF CHEMICAL
EQUIPMENT LAB

Course Code: ACH1139 L T P C
O 0 3 2

1) Design of adouble pipe Heat Exchanger.

2) Design of al-2 shell & tube Heat Exchanger.
3) Design of a Evaporator.

4)  Designof aDistillation Column

5)  Processsamulation of absorber, Ditillation Column, LLE columns
using PRO-II. Inclusion of Tray efficiencies, Side streams,
Interchange Heaters & coolers.

—mtl ¢ ©) ¢ GE—
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APPLICATIONS OF MATLAB IN
CHEMICAL ENGINEERING

Course Code: ACH1140 L T P C
O 0 3 2
1) Basics of MATLAB: Matrices and vector manipulation,

2)
3)

4)

5

6)

8)
9)

calculating inverse and eigen valuesand eigen vectores of a
matrix.

Linear Regression, Non- linear Regression.
Non-linear Algebraic Equations: Solving CSTR: isothermal &

non-isothermal case, Bioreactor model and cal culating multiple
steady states.

ODE-IVP
Batch reactor, PFR
ODE-BVP

Tubular Reactorswith Axial diffusion, Heat transfer in afin,
effectivenessfactor cal culation.

Control systems: Defining atransfer function, cal culating poles
and zeros of atransfer function.

Step and pulse response of agiven transfer function.
Inverse Response and itslimitationsin controller setting.

Design afeedback PID controller by simulations for agiven
transfer function.

— e O e @—
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COURSE STRUCTURE &
SYLLABI FOR VIII SEMESTER







VIII SEMESTER

COURSE |THEORY/LAB L|T|P]|C
CODE
ACH1141 | Optimization Of Chemical Processes| 4

Elective-111

ACH1142 [Biologica Waste Water Treatment
ACH1143 | Computational Fluid Dynamics
ACH1144 | Green Chemical Engineering
AEC1142 | Process Control and Automation
Elective-1V 4 10| 0|4
ACH1145 [ Instrumentation Methods

ACH1146 [Down Stream Processing
In Bio processing

ACH1147 | Nano Technology
ACH1148 | Optimization Techniques

ACH11SM | Seminar 010 3

ACH11CV | Comprehensive Viva - - - 14

ACH11PW | Project Work 0 (0 9
Total 12 ({0 | 12(30
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OPTIMIZATION OF CHEMICAL PROCESSES

Course Code: ACH1141 L T P C

4 0 0 4
AlM:
To providethe overview of concepts and methods of single and multi-
variableoptimization.
OBJECTIVE:

To solve general and chemical engineering single and multi-variable
optimization Problems.

The following syllabus is limited to Multi-variable problems
with two variables only.

UNIT-I

Gradient of asinglevariablefunction, gradient vector of amulti-variable
function, second derivative of asingle variable function, Hessian of a
multi-variable function, Eigen values of a matrix, convex functions,
determination of convexity of afunction by Eigen values.

UNIT-I1
Optimality conditionsfor asingle-variableand multi-variablefunctions,
classification of stationary pointsfor single-variable and multi-variable
functions.

UNIT-I11

Structure of asingle-variable and multi-variable optimization problems
with and without constraints (qualitative treatment), single-variable
optimization methodsand problems: interval halving method, golden section
method and Fibanocci method.

UNIT-IV

Multi-variableoptimizationwithout congraints. Multi-variableoptimization
methods, such as stegpest descent, Newton’s method and unidirectiona
search method. Solving two-variable optimization problemsusing above
methods.
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UNIT-V

Multi-variableoptimizationwith condraints. L agrangian multiplier method,
Karush-Kuhn-Tucker (KK T) conditions, penaty function method. Solving
two-variabl e constrained optimization problems using above methods.

UNIT-VI

Linear programming, Simplex method to solve LP problems, duality
principle and converting aLPto dual LP.

UNIT-VII

Chemical engineering optimization problems

Part 1. Pipediameter, multi-stage evaporator, reflux ratio of distillation
column.

UNIT-VIII
Chemical engineering optimization problems
Part 2: Thermal cracker, Alkylation reactor.

TEXT BOOKS:

1. Edgar,T.F., Himmelblau, D.M. and Lasdon L..S., “Optimization
of Chemical Processes’, McGraw-Hill International, 2 Ed,
2001.

2. Kayanmoy Deb“Optimization for Engineering Design”, Prentice
Hall,India, 2005.

3.  RaoS.S, “Engineering Optimization-Theory & Practice”, New
Age International Publishers, New Delhi, 3 Ed, 1996.

REFERENCES:

1. AroralS, “Introductionto Optimum Design”, Elsevier Academic
Press, San Diego, USA., 2 Ed, 2004.

2. Reklaitis, GV., Ravindran, A., and Ragsdell, K.M., “ Engineering
Optimization-Methodsand Applications’, Wiley., New York,
2 Ed, 1983.
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BIOLOGICAL WASTE WATER TREATMENT

(ELECTIVE-II)
Course Code: ACH1142 L T P C
4 0 0 4
AIM :
To impart knowledge on biological methods of waste treatment.
OBJECTIVES:

To understand and help remove different chemicals from waste water
generated from variouschemical industrial by biological means

UNIT-I

HISTORICAL DEVELOPMENT OF WASTEWATER
COLLECTIONAND TREATMENT: Water Supply and Wastewater
Management in Antiquity, Water Supply and Wastewater Management
in the Medieval Age, First Studies in Microbiology, Wastewater
Management by Direct Dischargeinto Soil and Bodies of Water —The
First Studies,Minerdization of Organicsin Rivers, Soilsor by Experiment
—A Chemical or Biologica Process?, Early Biological Wastewater
Treatment Processes, The Cholera Epidemics—Were They Caused by
BacteriaLivinginthe Soil or Weter?, Early ExperimentswiththeActivated
Sludge Process, Taking Samples and Measuring Pollutants, Early
Regulationsfor the Control of Wastewater Discharge.
WASTEWATER CHARACTERIZATIONAND REGULATIONS:
Volumetric Wastewater Production and Daily Changes, Pollutants, Survey,
Dissolved Substances, Organic Substances, Inorganic Substances,
Colloids, Qil-In-Water Emulsions, Solid-In-Water Colloids, Suspended
Solids, Methodsfor Measuring Dissolved Organic Substances as Total
Parameters, Biochemical Oxygen Demand, Chemical Oxygen Demand,
Total and Dissolved Organic Carbon.

UNIT-II

MICROBIAL METABOLISM: Some Remarks onthe Composition
and Morphology of Bacteria(Eubacteria),Proteinsand NucleicAcids,
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Proteins , Amino Acids , Structure of Proteins, Proteins for Specia
Purposes, Enzymes, NucleicAcids, DesoxyribonucleicAcid, Ribonucleic
Acid, DNA Replication, M utations, Catabolism and Anabolism, ADPand
ATP, Transport of Protons, Catabolism of Using Glucose, Aerobic
Conversion by Prokaryotic Cells, Anaerobic Conversion by Prokaryotic
CdlsAnabolism.

DETERMINATION OF STOICHIOMETRIC EQUATIONSFOR
CATABOLISM AND ANABOLISM:Introduction ,Aerobic
Degradation of Organic Substances , Degradation of Hydrocarbons
Without Bacteria Decay, Minerdization of 2,4-Dinitrophenol , Degradation
of Hydrocarbonswith Bacterial Decay, Measurement of O, Consumption
Rate r O,,S and CO, Production.

UNIT-I11

GASLIQUID OXYGEN TRANSFER AND STRIPPING: Transport
by Diffusion, Mass Transfer Coefficients, Definition of Specific Mass
Transfer Coefficients, Two Film Theory, Measurement of Specific Overal
Mass Transfer CoefficientsKLa,Absorption of Oxygen During Aeration,
Steady State Method , Non-steady State Method , Dynamic Method
in Wastewater Mixed with Activated Sludge , Desorption of Volatile
ComponentsDuring Aeration, Oxygen Trander Rate, Energy Consumption
and Efficiency in Large-scale Plants, SurfaceAeration,Oxygen Transfer
Rate, Power Consumption and Efficiency.

UNIT-IV

AEROBIC WASTEWATER TREATMENT IN ACTIVATED
SLUDGE SYSTEM S: Introduction, Kinetic and Reaction Engineering
Moded sWith and Without Oxygen Limitation, Batch Reactors, With High
Initial Concentration of Bacteria, With Low Initidd Concentration of Bacteria,
Chemostat, Completely Mixed Activated Sludge Reactor, Preliminary
Remarks,Mean Retention Time, Recycle Ratio and Thickening Ratio as
Process Parameters, Sludge Age as Parameter, Plug Flow Reactor
Completely Mixed Tank CascadesWith Sludge Recycle, Flow Reactor
WithAxid Disperson ,Stoichiometricand Kinetic Coefficients,Comparison
of Reactors, Retention Time Distribution in Activated Sludge Reactors,
Retention Time Digtribution, Completely Mixed Tank, Completely Mixed
Tank Cascade, Tube Flow Reactor With Axial Dispersion, Comparison
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Between Tank Cascades and Tube Flow Reactors , Technical Scale
Activated Sludge Systemsfor Carbon Removal.

UNIT-V

AEROBIC TREATMENT WITH BIOFILM SYSTEMS: Biofilms,
Biofilm Reactorsfor Wastewater Treatment , Trickling Filters, Submerged
and Aerated Fixed Bed Reactors, Rotating Disc Reactors, Mechanisms
for Oxygen Mass Transfer in Biofilm Systems, M odelsfor Oxygen Mass
Transfer Ratesin Biofilm Systems, Assumptions, Mass Transfer Gas/
Liquid is Rate-limiting ,Mass Transfer Liquid/Solid is Rate-limiting ,
Biological ReactionisRate-limiting, Diffusion and Reaction Insidethe
Biofilm ,Influence of Diffusion and Reaction Inside the Biofilm and of
Mass Transfer Liquid/Solid, Influence of Mass Transfer Rates at Gas
Bubbleand Biofilm.

UNIT-VI

ANAEROBIC DEGRADATION OF ORGANICS: Catabolic
Reactions — Cooperation of Different Groups of Bacteria, Survey,
Anaerobic Bacteria , Acidogenic Bacteria, Acetogenic Bacteria,
M ethanogenic Bacteria, Regulation of Acetogenicsby Methanogenics,
Sulfateand Nitrate Reduction, Kinetics—Modd sand Coefficients,Preface,
Hydrolysisand Formation of L ower Fatty Acidsby Acidogenic Bacteria,
Transformation of Lower Fatty Acids by Acetogenic Bacteria,
Transformation of Acetate and Hydrogen into Methane, Conclusions,
Catabolism and Anabolism ,High-rate Processes, Introduction,Contact
Processes, Upflow Anaerobic Sludge Blanket , Anaerobic Fixed Bed
Reactor ,Anaerobic Rotating Disc Reactor , Anaerobic Expanded and
Fluidized Bed Reactors.

UNIT-VII
BIODEGRADATION OF SPECIAL ORGANIC COMPOUNDS
Introduction, Chlorinated Compounds, Chlorinated n-Alkanes, Particularly
Dichloromethaneandl,2-Dichloroethane, Properties, Use, Environmenta
Problemsand Kinetics, Treatment of Wastewater Containing DCM or
DCA , Chlorobenzene, Properties, Use and Environmenta Problems,
Principlesof Biologica Degradation, Treatment of Wastewater Containing
Chlorobenzenes ,Chlorophenols , Nitroaromatics ,Properties, Use,
Environmenta Problemsand Kinetics, Trestment of Wastewater Containing
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4-NP or 2,4-DNT , Polycyclic Aromatic Hydrocarbons and Mineral
Oils, Properties, Use and Environmental Problems, Mineral Qils,
Biodegradation of PAHs, PAHsDissolved in Water, PAHs Dissolved
inn-Dodecane Standard Emulsion, Azo Reactive Dyes, Properties, Use
and Environmental Problems,Production of Azo Dyesinthe Chemical
Industry —Biodegradability of Ngphthaene SulfonicAcids, Biodegradation
of Azo Dyes ,Direct Aerobic Degradation, Anaerobic Reduction of Azo
Dyes, Aerobic Degradation of Metabolites, Treatment of Wastewater
Containing the Azo Dye Reactive Black.

UNIT-VIII

BIOLOGICAL NUTRIENT REMOVAL: Introduction, Biological
Nitrogen Removal , The Nitrogen Cycle and the Technical Removal
Process, Nitrification, Nitrifying Bacteriaand Stoichiometry, Stoichiometry
and Kinetics of Nitrification, Parameters Influencing Nitrification
,Denitrification, Denitrifying Bacteriaand Stoichiometry, Stoichiometry
andKineticsof Denitrification ,Parametersinfluencing Denitrification, Nitrite
Accumulation During Nitrification, New Microbia Processesfor Nitrogen
Removal ,Biologica Phosphorus Removal , Enhanced Biological
PhosphorusRemoval Kinetic Model for Biological Phosphorus Removal
, Preliminary Remarks , Anaerobic Zone , Aerobic Zone, Results of a
Batch Experiment , ParametersAffecting Biologica PhosphorusRemova
,Biological Nutrient Removal Processes, Nitrogen Removal Processes,
Chemical and Biological Phosphorus Removal, Processesfor Nitrogen
and Phosphorus Removal, Different Levels of Performance, WWTP
Wealimanngdorf ,Membrane Bioreactors(MBR) , Phosphorusand Nitrogen
Recycle, Recycling of Phosphorus, Recycling of Nitrogen.

TEXT BOOKS:

1.  Wesmann, U., Dombrovski, E.M., “Fundamentals of Biological
Water Treatment” , Wiley- VCH, Federal Republic of Germany,
2007.
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COMPUTATIONAL FLUID DYNAMICS
(ELECTIVE-II)

Course Code: ACH1143 L T P C
4 0 0 4

AlIM:

Computational Fluid Dynamicsis emerging as one of the most useful
techniquesto understand the nature of flow in varying flow systems. To
make the student in tune to the recent devel opment, this course would
behelpful

OBJECTIVES:

This course teachesthe student the introductory and numerical aspects
of CFD.

UNIT-I

INTRODUCTION TO DIFFERENCING SCHEMES: Basics of
Finitedifference methods, finited ement method and finite volume method.
CFD Applications.

UNIT-II

Final Governing differential equationsof CFD and boundary conditions
in Cartesian, cylindrical and spherical co-ordinate systems.

UNIT-I11

FINITE DIFFERENCE METHODS FOR DIFFUSION
PROBLEMS(THEORY): Explicit Method and its Stability criteria,
Implicit Method, Crank Nicholson method, Use of one Sided FDM to
handle boundary conditions.

UNIT-IV

FINITE DIFFERENCE METHODS FOR STEADY STATE
CONVECTION-DIFFUSION PROBLEM S(THEORY): Useand
importance of Upwinding difference method.
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UNIT-V
FINITEVOLUMEMETHOD FOR STEADY SATE DIFFUSION
(THEORY): Onedimensional and two dimensional problems.

UNIT-VI

FINITE VOLUME METHOD FOR STEADY STATE
CONVECTION-DIFFUSION PROBLEMS (THEORY): One
dimensional and two dimensional problems. Use and importance of
Upwinding difference method, Hybrid method and Power Law method.

UNIT-VII
CASE STUDY-1: Using FDM and FVM for solving steady and un-
steady state one dimensional diffusive problem.

UNIT-VIII

CASE STUDY-2 : Using FDM and FVM for solving one and two
dimensiona convection and diffusion problem.

TEXT BOOKS:
1. Patankar S.V., “Numerical Heat Transfer and Fluid Flow”,
Taylor and Francis, 1980.

2. Versteeg, H.K., and Malalasekera W, “An Introduction to
Computational Fluid Dynamics: The Finite Volume Method” ,
Longman, 1998.

REFERENCE:
1.  Murdidhar.K and Sundargjan T., “ Computational Fluid Flow
and Heat Transfer”, Narosa Publishing House, New Delhi 1995.
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GREEN CHEMICAL ENGINEERING
(ELECTIVE-III)

Course Code: ACH1144 L T P C
4 0 0 4

AlM:

The challengefor Chemistsand Chemical engineersisto develop new

methodsfor product manufacture that minimizesmaterial and energy.

OBJECTIVES:

After reading this course the student would be able to

. The importance of green chemistry.

o Sustainable devel opment.

o Sometechnol ogiesthat have minimized the material and energy
usage.

UNIT-I

PRINCIPLES OF SUSTAINABLE AND GREEN CHEMISTRY

. Green Chemistry and Industry

o Waste Minimization

o Reduction of Material Use

o Reduction of Energy requirements

o Reduction of Risk and Hazard

. Concept of Sustainability

o Green Chemistry and Sustainability Parameters.

UNIT-II

LIFE CYCLE ASSESSMENT: TOOL FOR IDENTIFICATION
OF MORE SUSTAINABLE PRODUCTS AND PROCESSES

. Life Cycle Methodology.
o Application of Life Cycle assessment.
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UNIT-IT1

INDUSTRIAL PROCESSESUSING SOLIDACID CATALYSTS
. Concept of Acidity and solid acid catalyst

o Industrial application of solid acid catalysts

o Recent developmentsin Catalytic materials and processes
UNIT-IV

MICELLE-TEMPLATED SILICAASCATALYSTSIN GREEN
CHEMISTRY

. Mesoporous materials: introduction

o Catalytic applications: Oxidation Reactions|like epoxidation,
metal free epoxidation, arene hydroxylation, alkane oxidation,
and base catalysis( other than oxidation)

UNIT-V

POLYMER SUPPORTED REAGENTS FOR ORGANIC

SYNTHESS

o Polymeric tools for organic synthesis: Polymeric reagents,
Polymeric carriers, polymeric catalysts.

o Synthesiswith polymer supported reagents

o Acids Chlorides and Anhydrides

o Alcohols, Aldehydes, Ketones, Amides, amines, azodyes,
carbodiamides, epoxides, esters, ethers, fluoro derivatives etc

UNIT-VI

BIO CATALYSIS:

o Chemical Production using biocatalysis: bulk chemicals,
Pharmaceuticals, Flavours and fragrance, Carbohydrates,
polymers

. Green Biocatalytic processes: Biocatalysisin waste treatment
and hydro-desulfurization
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UNIT-VII

PROCESS INTENSIFICATION IN GREEN CHEMISTRY:

o Spinning Disc reactor, Micro reactors, Intensified cross-
corrugated multifunctional membrane

UNIT-VIII

Application of Sonochemistry, Microwaveirradiation, el ectrochemistry
and photochemistry in Green Chemistry

TEXT BOOK:

1. Clark.J., and Macquarie,D. (editors), “Handbook of Green
Chemistry and Technology”, Blackwell Science, Oxford, 2002.

2. Allen, D. T. and Shonnard, D. R., "Green Engineering:
Environmentally Conscious Design of Chemical
Processes’, Prentice Hall, New Jersey, 2001.
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PROCESS CONTROL AND AUTOMATION
(ELECTIVE-II)

Course Code: AEC1142 L T P C
4 0 0 4

AlIM:

Tofamiliarizeengineersof al disciplineswith theknowledge of computers
and electronics.

OBJECTIVE:

1. Tomakeastudent comprehensive Engineer.

2. Tomakethe student understand the importance of automation
and control for imrovement of quality and productivity.

3. Thisknowledge should make every engineer to undrstand the
importance of proper specificationsto be defined for making
the automation successful.

UNIT-I

INTRODUCTION TO COMPUTER CONTROL : Role of

computersin the control of Industrial processes (plants). Elements of

Computer Controlled Process/ Plant. Classification—Batch, Continuous,

Supervisory and Direct Digital Controls. Architecture — Centralized,

Digtributed and Hierarchica Systems. Man Machine or Human Computer

Interface (HCI).

UNIT-II

BUILDING BLOCKS: ProcessControl Requirementsof Computers.
Process related variables. Computer Network. Communications in
Distributed control Systems. Smart Sensors and Field bus.

UNIT-IT1

CONTROL SYSTEM DESIGN : Control System Design—Heurigtics,
Structural Controllability and Relative GainArray. Controller Design—
Regulator design and other design considerations. Controller Tuning—P,
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PI, PID, and Ziegler-Nicholas method. Computer aided Control System
Design.
UNIT-IV

PROGRAMMABLE LOGIC CONTROLLERS (PLCS) :
Introduction - principles of operation - Architecture of Programmable
Logic controllers- programming the programmabl e controllers- software
- configurations- applications.

UNIT-V
DESIGN OF FEED FORWARD CONTROLLER : Block Diagram,
Feed Forward control algorithms— dynamic, static, Deadbeat

UNIT-VI

CASCADE, PREDICTIVEANDADAPTIVE CONTROL : Cascade
Control —Dynamic response, Types, |mplementation. Predictive Control
—Mode based and Multivariable System. Adaptive Control —Adjustment,
Schemes, and Techniques.

UNIT-VII

INDUSTRIAL CONTROL APPLICATIONS: Automation of thermal
power plant - Automation Strategy - distributed system structure- Automeatic
boiler controller - diagnostic function and protection - - automatic start-
up system - thermal stress control - man - machineinterface— software
system - communication system - variabl e pressure control - combined
plant control.

UNIT-VII
DISTRIBUTED CONTROL SYSTEMS: Introduction - Functional
requirements of distributed control system - system architecture-

Distributed control systems- configuration - Applications of distributed
control systems.

TEXT BOOKS

1. SinghSK.“ Computer Aided Process Control”, PHI Learning
Pvt. Ltd., 2004

2. Chidambaram M., “Computer Control of Processes*, Narosa,
2003.
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REFERENCES:

1. Seborg, D.E., Edgar T.F., and Mellichamp D.A., “Process
Dynamics and Control”, John Wiley, 2004.

2. CurtisJ.D, “Instrumentation Technology”, Prentice Hall India,
7 Ed, 2002.

3. Kirishna Kanth, “Computer-based Industrial Control”, PHI,
1997.

4. Bennett S. “Real Time Control : An Introduction” Pearson

Education India, 2 Ed, 2003.
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INSTRUMENTATION METHODS
(ELECTIVE-IV)

Course Code: ACH1145 L

o -
© T
0

AlIM:

To makethe student understand the advanced instrumentation available
for chemical analysis

OBJECTIVES:

After studying this course the student would be able to choose the
instrument needed for analysis.

UNIT-I

ANINTRODUCTIONTOINSTRUMENTAL METHODS: Terms
Associated With Chemical Analysis, Classification Of Instrumental
Techniques, A Review Of The Important Considerationsin Analytical
Methods, Basic Functionsof Instrumentation, Important Considerations
in Evaluating an Instrumental Method.

MEASUREMENTS, SIGNALSAND DATA : Introduction, Signal-
to-Noise Ratio, Sensitivity and Detection Methods, Source of Noise,
Hardware Techniques for Signal-to-Noise Enhancement, Software
Techniquesfor Signal-to-Noise Enhancement, Evaluation of Resullts,
Accuracy and Instrument Calibration, Chemometrics.

UNIT-11

AN INTRODUCTION TO ABSORPTION AND EMISSION
SPECTROSCOPY : The Nature of Electromagnetic Radiation, The
Electromagnetic Spectrum, Atomic Energy Levels, Molecular Electronic
Energy Levels, Vibrationa Energy Levels, Raman Effect, Lasers, Nuclear
Spin Behaviour, Electron Spin Behaviour.
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UNIT-IT1

ULTRAVIOLET AND VISIBLE SPECTROMETRY-
INSTRUMENTATION : Radiation Sources, Wave Length Selection,
Cells And Sampling Devices, Detectors, Instruments for Absorption
Photometry.

ULTRAVIOLET AND VISIBLE ABSORPTION METHODS :
Fundamental Laws of Photometry, Spectrophotometric Accuracy,
Photometric Precision, Quantitative Methodology, Differential or
Expanded-Scal e Spectroscopy.

UNIT-IV

FLAME EMISSION AND ATOMIC ABSORPTION
SPECTROSCOPY : Introduction, Instrumentation for Flame
Spectrometric Methods, Flame Emission Spectrometry, Atomic
Absorption Spectrometry, Interference Associated with Flame and
Furnaces, Applications, Comparision of FESand AAS.

UNIT-V

INFRARED SPECTROMETRY : Correlation of Infrared Spectra
with Molecular Structure, Instrumentation, SampleHandling.

RAMAN SPECTROSCOPY : Theroy, Instrumentation, Sample
Handling and Illumination, Structural Analysis, Comparision of Raman
with Infrared Spectroscopy.

UNIT-VI

MASS SPECTROMETRY : Sample Flow in a Mass Spectrometer,
Inlet Sample System, lonization Methodsin Mass Spectrometry, Mass
Analyzers, lon-Collection System, Vacuum System, Isotope- Ratio
Spectrometry, Correlation of Mass SpectraWith Molecular Structure.

UNIT-VII

CHROMATOGRAPHY: GENERAL PRINCIPLES: Classification
of Chromatographic M ethods, Chromatographic Behaviour of Solutes,
Column Efficiency and Resolution, Column Processes and Band
Broadening, Timeof Andys sand Resolution, Quantitative Determinations.
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GAS CHROMATOGRAPHY : Gas Chromatographs, Derivative
Formation, Gas Chromatographic Columns, Liquid Phasesand Column
Selection, Detectorsfor Gas Chromatography.

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY: HPLC
Instrumentation, M obile-Phase Delivery System, Sample Introduction,
Separation Columns, Detectors.

UNIT-VIII

THERMAL ANALY SIS: Thermogravimetry, Evolved Gas Detection
andAnayss, Methodology of Thermogravimetry, Differential Scanning
Calorimetry and Differential Therma Analyss.

X RAY DIFFRACTION : General Principles, Braggsequation, Laue
photographic method, Rotating crystal method, Oscillating crystal method,
Powder method, Interpretation of the Diffraction pattern, Applications of
XRD.

TEXT BOOK:

1.  Willard, H.H, Merritt, L.L, Dean, JA, and Settle, FA,
“Instrumental methods of analysis’ CBS Publishers &
Distributors, 7 Ed, 1986.

REFERENCES:

1.  Srivastava, A.K. and. Jain, P.C, “Instrumental Approach to
Chemical Analysis’, SChand and Company Ltd, New Delhi,
4Ed, 2012.

2. Chatwal, G. R., Anand, Sham K., “Instrumental Methods of
Chemical Analysis’ Himalaya Publishing House, 5Ed, 2005.
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DOWNSTREAM PROCESSING IN

BIOPROCESSING
(ELECTIVE-IV)

Course Code: ACH1146 L T P C
4 0 0 4

AlM:

Tolearn separation and purification processesin Biochemica Engineering.
OBJECTIVE:

To study different separation processesin the purification of biochemical
engineering quditatively.

UNIT-I

I ntroduction to bio separations, Filtration and Microfiltration: - Equipment
for Conventiona Filtration, Pretreatment, Genera Theory for Filtration,
Continuous Rotary Filters, Microfiltration.

UNIT-I1

Centrifugation, settling of solids, Centrifuges, Centrifugd filtration, Scale-
Up of Centrifugation.

UNIT-I11

Cdl Disruption: - Cell membranes, Chemical Methods, Mechanical
Disruption.

UNIT-1V

Extraction: - The chemistry of extraction, Batch extraction, Staged
Extraction, Differentid extraction, Fractional Extractionswith stationary
phase and Fractional Extractionswith two moving phases.

UNIT-V

Adsorption: - Thechemistry of adsorption, Batch adsorption, Adsorption
in acontinuous stirred tank, Adsorption in fixed beds.
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UNIT-VI

Elution Chromatography: - Adsorbentsyield and purity, Discrete stage
analysis, Kineticanaysis, Precipitation with anon solvent, Precipitation
with sdts, Precipitation withtemperature change, Large Scaeprecipitation.

UNIT-VI
Ultra filtration and Electrophoresis. - Basic ideas, Ultrafiltration,
Electrophoresis, Electro dialysisand | soel ectric Focusing.

UNIT-VIII

Crystallization : Basic concepts, crystal Size Distribution, Batch

crygdllization, Recrystdization.Drying: - Basic concepts, Drying Equipment,

Conduction Drying, Adiabatic Drying.

TEXT BOOK:

1. Better P. A, Cussler E. L.,Wei-Shou Hu,A, “Downstream
Processing for Biotechnology” , Wiley- Interscience Publication,
1988.
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NANO TECHNOLOGY
(ELECTIVE-IV)

Course Code: ACH1147 L T P C
4 0 0 4

AlIM:

This course introduces the student the basic knowledge of Nano
Technology.

OBJECTIVES:
After studying the course the student will be able to know

Propertiesthat make nano materials.
How nano materials are produced and characterized.
Where nano materials are used.

UNIT-I

Introduction to Nano Technology, Carbon NanoTubes (CNTSs), Porous
Silicon, Aerogels, Zeolites, Ordered PorousMaterialsUsing Micellesas
Templates, Self Assembled Nanomaterials, Core- Shell Particles.

UNIT-I1

STRUCTURE AND BONDING: Arrangement of Atoms, Two
Dimensional Crystal Structures, Three Dimensional Crystal structures,
Some Examplesof Three Dimensional Crystals, Planesinthe Crystals,
Crydgtallographic Directions, Reciprocal Lattice, Quas Crystals, Bonding
inSolids.

UNIT-I11

SYNTHESIS OF NANOMATERIALS-I ( PHYSICAL
METHODS): Mechanical Methods, M ethods based on Evaporation,
Sputter Deposition, Chemical Vapour Deposition(CVD), Electric Arc
Deposition, lon Beam Techniques( 1on Implantation), Molecular Beam
Epitaxy(MBE).
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UNIT-IV

SYNTHESIS OF NANOMATERIALS-II (CHEMICAL
METHODS) : Colloids and Colloids in solutions, Growth of
Nanoparticles, Synthesis of Metal Nanoparticles by Colloidal Route,
Synthesisof Semiconductor Nanoparticlesby Colloidal Route, Langmuir-
Blodgett( L-B) method, Microemulsion, Sol-Gel Methods.

UNIT-V

SYNTHESIS OF NANOMATERIALS-I11 (BIOLOGICAL
METHODS): SynthessUsing Microorganisms, SynthessUsing Plant
Extracts, Use of Proteins and Templates like DNA .

UNIT-VI

ANALYSISTECHNIQUES : Microscopes, Electron Microscopes,
Scanning Probe Microscopes (SPM), diffraction Techniques,
Spectroscopies, Magnetic M easurements.

UNIT-VII

PROPERTIES OF NANOMATERIALS: Mechanical Properties,
Structural Properties, Melting of Nanoparticles, Electrical Conductivity,
Optical Properties, Magnetic Properties.

UNIT-VIII

APPLICATIONS: Electronics, Energy, Automobiles, Sports and
Toys, Textiles, Cosmetics, Domestic Appliances, Biotechnology and
Medical Fields, Space and Defense, Nanotechnol ogy and Environment.

TEXT BOOK:

1. SulabhaK.Kulkarni., “Nano Technology: Principles and
Practices’, Capital Publishing Company, New Delhi, 2006.

2. Wilson, M., Smith, G.,,.Simmons, M. and Raguse, B., “Nano
Technology: Basic Science and Emerging Technologies’,
Overseas Press, New Delhi,2008.

REFERENCES:

1. Ratner,M. and Ratner, D., “Nano Technology : A gentle
Introduction to the next bigidea”, Pearson Education, Dorling
Kindersley Publishing, 2003.
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OPTIMIZATION TECHNIQUES
(ELECTIVE-IV)

Course Code: ACH1148 L T P C
4 0 0 4

50 Hours of theory + 10 Hours of Lab Practice on MATLAB
OPTIMIZATION Toolbox.

AIM & OBJECTIVES:

Thiscourseisconcerned with formul ating the optimization problemsand
solving them. Advanced topics on Evolutionary Optimization arealso
treated. MATLAB optimization Toolbox is used to solve large scale
optimization problems.

UNIT-I

INTRODUCTION TO PROCESSOPTIMIZATION: Formulation
of variousprocessoptimization problemsand their classfication, constrained
and unconstrained optimization. Classification of pointsinthe 2D space.
Basi ¢ conceptsof optimization: Convex Set, Convex functions, necessary
and sufficient conditionsfor stationary points. Calculating Gradient of a
function and Hessian matrix. ldentifying minimaand maximapoints.

UNIT-11

LINEAR PROGRAMMING: SIMPLEX agorithm, duality in Linear
programming.

UNIT-I11

TRANSPORTATION PROBLEM: Solution of Balanced problems
using East-West Rule.

UNIT-IV

UNCONSTRAINED OPTIMIZATION: Optimality Criteria,
Undirectional search, Powell’s Conjugate direction method, Gradient
based method: Cauchy’ssteepest Descent method; Newton’s method.
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UNIT-V
CONSTRAINED OPTIMIZATION: Kuhn-Tucker conditions,
Transformation methods: Pendty function method, method of multipliers.

UNIT-VI

DISCRETE OPTIMIZATION : Enumeration techniquesand Branch
and Bound method to solve discrete optimization problem.

UNIT-VII

GENETICALGORITHM S: Working principles, differences between
GAs and traditional methods. Various operations like crossover and
mutation.

SIMULATED ANNEALING : Metropolis Algorithm. (Qualitative
treatment of GA and SA only).

UNIT-VIII

MULTIOBJECTIVEOPTIMIZATION (MOOQ) : Different methods
to solveMOO like Utility function method and bounded function method.
Solving 2D MOO problemsgraphically and identifying the Pareto set.

TEXT BOOK:

1. Kayanmoy D, “Optimization for Engineering Design”, Prentice
Hall of India, 2005.

2.  RaoS.S, “Engineering Optimization-Theory & Practices’, New
Agelnternational Publishers, New Delhi, 1996.

REFERENCES:

1. Reklatis, GV., Ravindran, A., and Ragdell, “Engineering
Optimization-Methods and Application”, K.M., John Wiley,
New York, 1983.
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