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Module III, S.Y. B.TECH. Chemical Engineering

	Subject No.

	Subject Code
	Subject Name
	 Teaching Scheme (Hrs/week)
	Credits

	
	
	
	Lect.
	Tutorial
	Practical
	

	S1
	CH20101
	Process Calculations
	3
	0
	0
	3

	S2
	CH20103
	Fluid-flow Operations
	3
	0
	0
	3

	S3
	CH20105
	Physical and Inorganic Chemistry
	3
	0
	0
	3

	S4
	CH21101
	Chemical Engineering Materials 
	3
	0
	0
	3

	S5 MD
	CH21103
	Strength of Materials
	2
	0
	0
	2

	T1
	CH20201
	Process Calculations (Tutorial)
	0
	1
	0
	1

	T2
	CH20203
	Fluid-flow Operations (Tutorial)
	0
	1
	0
	1

	Lab1
	CH20303
	Fluid-flow Operations Laboratory
	0
	0
	2
	1

	Lab2
	CH20307
	Physical and Inorganic Chemistry Laboratory
	0
	0
	2
	1

	Lab3 MD
	CH21301
	Chemical Engineering Materials Laboratory
	0
	0
	2
	1

	Lab4 (SD)
	
	Department Specific Elective (see Table after Module IV)
	0
	0
	2
	1

	Lab5
	
	Communication Skills
	0
	0
	2
	1

	MP3
	CH27401
	Mini Project
	0
	0
	2
	2

	CVV1
	CH20401
	Comprehensive Viva Voce
	Based on courses S1,S2
	2

	
	
	Total
	14
	2
	12
	25


CH 20101:: PROCESS CALCULATIONS
Credits: 03






Teaching Scheme: 3 Hours / Week

Unit I: Basic Chemical Calculations





 (8 Hrs) 

A. Dimensions and Units, chemical calculations including mole, equivalent weight, solids, liquids, solutions and their properties, properties of gases. 

B. Significance Unit conversions of mass, energy and pressure
Unit II: Material Balances Without Chemical Reactions


             (8 Hrs)

A. Process flow sheet, Concept, Material balance calculations, recycling and bypassing operations, material balance of unsteady state processes.  

B. Material balance of unit operations such as distillation, crystallization
Unit III: Material Balances Involving Chemical Reactions


 (8 Hrs)

A. Mass balance with chemical reactions, single, multiple reactions, excess and limiting reactants, conversion, yield and selectivity. Material balance with recycle, bypass and purge operation. Material balance of unsteady state processes with chemical reaction.

B. Material balance of metallurgical applications.
Unit IV: Energy Balance







(8 Hrs)

A. Specific heat of gases, liquids and solids, latent heat of phase change, heat of reaction, energy balance of unit process, combustion of fuels and combustion calculations.
B. Heat of solutions. 
Unit V: Complex Chemical Calculations





(8 Hrs)

A. Psychometric calculations, Non ideal calculations for gaseous and liquid mixtures, calculations for n number of reactions, simultaneous material and energy balance, adiabatic flame temperature calculations.

B. Applications of spreadsheet software in process calculations.
Text Books 
“Stoichiometry “ Bhatt B. I. and Thakore S. M., Tata McGraw-Hill Publication , Fifth Edition, 2010 .

“Basic Principles & Calculations in Chemical Engineering ”, Himmelblau D. M. Tata McGraw-Hill Publication, 7th  Edition, 1997.
Reference Books 
1. “Chemical Process Principles (Part I)” Hougen O. A. and Watson K. M., CBS Publishers New Delhi, 2nd Edition, 2001.

Course outcomes
Student will be able to-

1. Determine the quantities of chemicals in different mode i.e. moles and equivalent mass and able to convert various physical quantities in different unit systems.

2. Formulate analyse and solve steady state and unsteady state material balances for unit operations and unit processes

3. Make material balances for recycling, by-passing and purging operations.

4. Perform energy balances for unit operations and unit processes and simultaneous material and energy balances  

5. Perform  Psychrometric calculations, non ideal calculations for gaseous and liquid mixtures, combustion calculations and solve complex chemical problems.

CH 20103 :: FLUID FLOW OPERATIONS

Credits: 04



       
      Teaching Scheme: 03 Hours / Week
Unit 1: Fundamentals of Fluid Flow Operation



(08 Hours)

Part A: Fluids and properties of fluids, Newton’s law of viscosity  pressure and temperature dependence, introduction to rheology of fluids, types of flow, lines to describe the flow, The basic equation of fluid statics, pressure-depth relationship, pressure forces on surfaces,  pressure measurements
Part B: Engineering applications of fluid flow operations, pressure measuring devices, rheological classification of fluids


Unit 2: Momentum and Energy Balance Equations 


(08 Hours)
Part A: Mass and energy balance equations, Bernoulli’s equation; variable head and variable area meters.

Part B: Flow measuring devices
Unit 3: Dimensional Analysis and Boundary Layer Theory  

(08 Hours)
Part A: Fundamental dimension of quantities, dimensional homogeneity ,Reyleigh’s method and Buckingham’s π method, , concept of hydrodynamic boundary layer, growth over a flat plate, change in nature of boundary layer, and different thicknesses of boundary layer, drag on flat plate, coefficient of drag and its variation
Part B: Physical significance of dimensionless numbers, hydrodynamic, thermal and concentration boundary layers

Unit 4: Flow through Conduits 





(08 Hours)
Part A: Shell balance based solutions for laminar flow through circular tube (Hagen Poiseuelle equation), on inclined plane, through annular space, Concept of Reynolds number; transition and turbulent flow in pipes, Darcy-Weisbach equation, friction factor chart.

Part B: Different pipe fittings and valves.
Unit 5: Transportation of Fluids 





(08 Hours)
Part A: Minor losses and major losses in pipes, concept of equivalent pipe, series and parallel pipe systems, cavitation and water hammer, transportation of fluids, centrifugal pump.

Part B: Compressors, fans and blowers.


Text Books: (As per IEEE format)
1.  Warren Lee McCabe, Julian Smith, Peter Harriott ; Unit Operations in Chemical Engineering., 7th edition, McGraw Hill Publications 
2. Bansal R.K.; A Textbook of Fluid Mechanics and Hydraulic Machines., 9th edition., Laxmi Publications (P) Ltd

Reference Books: (As per IEEE format)
1. Den M.M.; Process Fluid Mechanics; 1980., Prentice Hall
2. Yunus A.Cengel and John M. Cimbala.; Fluid Mechanics-Fundamentals and Applications; 3rd edition, Tata McGraw Hill
Course Outcomes:
The student will be able to – 

1.  Determine various properties and flow behaviours.

2. Solve fluid flow problems by using conservation equations of mass, momentum, and energy.

3. Develop correlations using dimensional analysis.

4. Design the pipe size and flow meters requirements under laminar and turbulent flow conditions.

5. Determine the power requirements of pumping and transportation of fluids.

CH 20105 :: PHYSICAL AND INORGANIC CHEMISTRY

Credits: 3



       
      Teaching Scheme: 3 Hours / Week
Unit 1: Kinetics and Molecule in Motion   




(8 Hours)

Part A:  The kinetic model of gases, Molecular motion in gases & liquids, diffusion. The   rates of chemical reactions- experimental techniques, the rates of reactions, integrated rate laws, the temperature dependence of reaction rates. Numerical on reaction rates.
Part B: Numericals on kinetics and diffusion.


Unit 2: Surface Chemistry and Enzyme Catalysis



(8 Hours)

Part A:  Adsorption and Chemisorptions, adsorption isotherms (Langmuir, Freundlich, B.E.T.), Chemisorptions and Catalysis, Surface Tension, Gibb's isotherm, Classification & properties of colloids, detergency and their industrial applications. Composition of enzymes, international classification of enzymes, cofactors and coenzymes, primary, secondary, tertiary and quaternary structure of enzymes, how it works as catalyst. Industrially important reactions catalyzed by enzymes. Three dimensional structure of enzymes, families of enzymes, structure of enzyme substrate complex and methods of examining them, basic equations of enzyme kinetics, enzyme inhibition.
Part B: Colloidal solution, viscosity. Numerical problems on surface tension, isotherms and adsorption.

Unit 3: Transition elements and their complexes



(8 Hours)

Part A: Nature of covalent bond and shapes of molecules. Transition elements, study of I​​​st transition series w.r.t. oxidation states, magnetic behavior, color, ability to form complexes and catalytic behavior. Co-ordination compounds-different terms-C.N., ligands, EAN etc. Nature of metal ligand bonding- VBT and CFT- Formation and above properties of tetrahedral square planar and octahedral complexes of Ist transition series on the basis of VBT and CFT.
Part B: Calculation of CFSE, General principles of catalysis

Unit 4: Thermodynamics






(8 Hours)

Part A:  First law of thermodynamics-basic terms, standard enthalpy changes, temperature dependence of enthalpy, relation between Cv and Cp. Second law of thermodynamics- entropy changes, Helmholtz and Gibbs energies. The variation of Gibbs energy with temperature and pressure. Third law of thermodynamics. statements of first law for non flow and flow system . Problems based on laws.
Part B: Carnot cycle, entropy, mathematical statement of 2nd law of thermodynamics, application of second law, statement of 3rd law. Refrigeration cycle
Unit 5: Volumetric Properties of Pure Fluids



(8Hours)

Part A: The PVT behavior of pure substance, the viral equation, Compressibility factor, the ideal gas, the constant volume, constant pressure, adiabatic, polytrophic processes, real gas, applications of Viral equation, critical properties, Vander Wall equation.
Part B: Benedict - Webb – Rubin equation, Redlich –Kwong equation, Peng Robinson Equation.

Text Books: 
1. B. H. Puri and L.R Sharma.; Principles of Physical Chemistry, 7th Edition S. Chand Company, New Delhi, 1994.

2. D.F  Shriver.; P.W Atkins, Inorganic Chemistry, 3rd Edition, Oxford University Press, 2000. 

3. G. M Barrow.; Physical Chemistry, 6th Edition, Tata McGraw Hill, 1998.
Reference Books: 
1. D.P Julio; P.W Atkins; Physical Chemistry, 8th edition, Oxford University Press, 2006.

2. J.M. Smith, H.C Van Ness, M.M. Abbot;. Introduction to Chemical Engineering Thermodynamics, 7th Edition, Tata McGraw Hill, 2005.

3. R.Reid, J.Praunitz, T.Sherwoo;The Properties of Gases and Liquids, 3rd edition, McGraw-Hill, New York, 1977.
Course Outcomes:
The student will be able to – 

1. Find out the rate of chemical reaction and different kinetic parameters e.g. order or reaction, michaelis menten kinetics etc.

2. Find out different thermodynamic parameters of chemical reactions e.g. Helmholtz and Gibbs energies, Cp and Cv.

3. Find out the structure of simple chemical compounds and complex co-ordination compounds.

4. Get adsorption isotherms and its study e.g. surface area determination etc.

5. Get volumetric parameters for any system.
CH 21101 :: CHEMICAL ENGINEERING MATERIALS

Credits: 03 





Teaching Scheme: - Theory 3 Hrs/Week
Unit I: Structure of crystalline solids    





           (8 Hrs) 
Part A. Introduction to materials and their principle properties, Structure of crystalline solids: Unit cells, crystal systems, crystallographic directions, crystallographic planes. 

Metallic crystal structures

Imperfections in solids

Phase diagrams: Basic concepts. Unary and binary phase diagrams.

B] Crystalline and non-crystalline materials.

Unit II: Mechanical Properties of Metals





           (8 Hrs)

Part A. Deformation: Concepts of stress and strain.  Tensile Test and the Engineering Stress-strain diagram. Elastic and plastic deformation. Hardness and hardness testing.

Dislocations and mechanisms of strengthening in metals.

Part B. Failure of metals: fracture, fatigue and creep.

Unit III: Iron-Carbon system and Ferrous alloys




           (8 Hrs)

Part A. Iron-Carbon system.

Isothermal transformation diagrams. Continuous cooling transformation diagrams.

Heat treatment methods.

Ferrous alloys.

Part B. Cast irons

Unit IV: Non-ferrous alloys and Polymeric materials     



           (8 Hrs)

Part A.  Non-ferrous alloys.

Polymeric materials: Polymer structures. Thermoplastics and thermosets. 

Crystallization, melting and glass transition phenomena.

Various types of polymers: plastics, elastomers, fibers. Mechanical behavior of polymers.

Part B. Methods of fabrication of metals

Unit V
: Ceramic Materials and Corrosion




           (8 Hrs)

Part A. Ceramics: Mechanical properties – brittle fracture, stress-strain behaviour.

Various types of ceramics: glass, cement etc.

Corrosion: Different types of corrosion: chemical, biochemical, and electrochemical; Internal and external factors affecting corrosion of chemical equipments, Methods to minimize corrosion.

Part B. Degradation of polymers. Composite materials. Selection of materials.

Text Books 
1. Callister W.D. Jr;  “Materials Science and Engineering: An Introduction”; 7th edition, Wiley and Sons,  2006.
2. “Selecting Engineering Materials for Chemical and Process Plants”, Lee J. L. and Evans Business Works, 1978. 
Reference Books 
1. Shacketford J.F., “Introduction to material science”, McMillan publishing company, Newyork ISBN, 1990.
2.   Jestrazebaski D.Z. , “Properties of Engg. Materials”, 3rd Edition, Toppers Co. Ltd., 1987

Course outcomes  

The students will be able to –

1. Describe basic fundamentals of Science behind materials on atomic scale and in bulk materials.

2. Explain mechanical properties of metal and various Imperfections in solids. 
3. Recognized different types of material and their properties to select suitable materials for process equipment. 

4. Explain phase diagram of alloy systems and correlation between microstructure and mechanical properties. 

5. Explain structure, mechanical properties and application of polymer and ceramics. 

CH 21103: STRENGTH OF MATERIALS
Credits: 02



       Teaching Scheme: Theory 2 Hours / Week

Unit 1: Stress and Strain







(5 Hrs)
Part A:

Types of Actions: (axial loading, bending moment, shear force, torsion, combined axial loading-bending and torsion), Types of Stresses (Normal, shearing, bearing, bending), Normal stress and strain under axial loading, Hooke’s law, modules of elasticity and rigidity, design considerations viz ultimate strength of material, allowable stress, factor of safety.

Deformation of members under axial loading, axial force diagram, Poisson’s ratio, generalized Hooke’s law, bulk modules

Part B: 


Stress-strain diagram for ductile and brittle material, inter-reaction between elastic constants, selection of an appropriate factor of safety, axial deformation in indeterminate members.
Unit 2: Shear Force and Bending Moment





(5 Hrs)
Part A:

Shear force and bending moment diagram of determinate beams due to concentrated loads, uniformly distributed loads, uniformly varying loads and couples, concept of pure bending, relations among distributed load, shear force and bending moment
Part B:

Construction, of loading diagram from shear force diagram and/or bending moment diagram.
Unit 3: Moment of Inertia of Areas






(5 Hrs)
Part A:

Use of parallel and perpendicular axis theorem, polar moment of inertia, radius of gyration moment of inertia of composite areas.
Bending Stresses in Beams: Application of flexural formula Bending stress distribution diagrams. Shearing Stresses in Beams: Application of shear stress formula, shear stress distribution diagrams.

Part B:

Assumptions in pure bending, Derivation of flexural formula and shear stress distribution in beams.
Unit 4: Slope and Deflection in Beams





(5 Hrs)
Part A:

Slope and deflection of determinate beams using Macaulay’s method 

Axially Loaded Columns: Buckling of column, concept of actual length and equivalent length for various end conditions. Applications of Euler’s and Rankine’s formula.

Part B:

Derivation of formulae for slope and deflection for standard cases of simply supported and cantilever beams. Derivations of Euler’s formula for buckling load of column with hinged ends Derivations of Rankine’s formula for column.

Unit 5: Transformation of Stress and Strain




(5 Hrs)
Part A:

Derivation of transformation of plane stress, principal stresses and maximum shearing stress and their locations of planes, Mohr’s circle for plane stress.
Part B: 


Derivation of principal stresses, maximum shearing stress and their location of planes, derivation of Mohr’s circle of plane stress.
Text Books: 

1. Ferdinand P.Beer, E Russell Johnston, Jr.Johan T Dewolf; Mechanics of materials; Fifth Edition; Tata McGraw-Hill Publishing Company Limited New Delhi
2. Gere and Timoshenko; Mechanics of materials; Second Edition; C.B.S Publishers and distributors, New Delhi
Reference Books: 

1. William Nash; Strength of Materials- Schaum’s outlines Series; Fifth Edition; The MeGraw-Hill Puplication New Delhi.
2. William E Riley, Leroy D.D. Sturges, Don H Morris; Mechanics of materials; 6th Edition; Jon Wiley And Sons Inc.
Course Outcomes:
The student will be able to – 

1. Apply the concept of stress and strain and behavior of element under external load

2. Apply concept of shear force and bending moment to real world problems

3. Determine the bending stress and shear stress in the component subject to external loading conditions

4. Determine slope and deflections in the beams and buckling in the columns

5. Apply the concept of various stresses including principal stresses and Mohr’s circle of plane stress
CH 20201 :: PROCESS CALCULATIONS (Tutorial)

Credits: 01 





Teaching Scheme: - Tutorial 1 Hr/Week 

List of Contents
TERM-WORK
1. Solve problems based on units and conversions

2. Solve problems based on material balance without chemical reaction.

3. Solve problem of recycle without chemical reaction

4. Solve problem of bypass and purge

5. Solve problems based on material balance with chemical reaction

6. Solve problems based on energy balance

7. Solve problems based on unit operations
Text Books 
1. Bhatt B. I. and Thakore, “Stoichiometry “. , 5th Edition,Tata McGraw-Hill Publication 2004 .

2. Himmelblau D. M “Basic Principles & Calculations in Chemical Engineering ”, 7th  Edition Tata McGraw-Hill Publication,  1997.
Reference Books 
1. Hougen O. A. and Watson K. M., “Chemical Process Principles (Part I)”.,  2nd Edition  CBS Publishers New Delhi, , 2001.

Course outcomes
Student will be able to-

1) Determine the quantities of chemicals in different mode i.e. moles and equivalent mass and able to convert various physical quantities in different unit systems.

2) Formulate analyse and solve steady state and unsteady state material balances for unit operations and unit processes

3) Make material balances for recycling, by-passing and purging operations.

4) Perform energy balances for unit operations, unit processes and simultaneous material and energy balances  

5) Perform  psychrometric calculations, non ideal calculations for gaseous and liquid mixtures and combustion calculations and solve complex chemical problems

CH 20203 :: FLUID FLOW OPERATIONS (Tutorial)

Credits: ---



    
      Teaching Scheme: 01 Hours / Week
List of Tutorials: 


1. Examples based on calculations of viscosity and pressure.

2. Examples based on continuity equation and energy balance equation.

3. Examples based on and flow meters

4. Examples based on dimensional analysis

5. Examples based on drag on flat surfaces

6. Examples based on laminar flow through conduits

7. Examples based on major and minor losses in pipes

8. Examples based on pipes in series and parallel

Text Books: (As per IEEE format)
1.  Warren Lee McCabe, Julian Smith, Peter Harriott ; Unit Operations in Chemical Engineering., 7th edition, McGraw Hill Publications 
2. Bansal R.K.; A Textbook of Fluid Mechanics and Hydraulic Machines., 9th edition., Laxmi Publications (P) Ltd

Reference Books: (As per IEEE format)
1. Den M.M.; Process Fluid Mechanics; 1980., Prentice Hall
2. Yunus A.Cengel and John M. Cimbala.; Fluid Mechanics-Fundamentals and Applications; 3rd edition, Tata McGraw Hill
Course Outcomes:
The student will be able to – 

1. Solve the fluid problems to calculate fluid properties.

2. Solve the examples based on continuity and Bernoulli equation.

3. Determine the power required for transportation of fluids

4. Develop correlations using dimensional analysis.

5. Determine the boundary layer thickness and the drag force.

CH 20303 :: FLUID FLOW OPERATIONS LABORATORY

Credits:02




Teaching Scheme: 02 Hours / Week
List of Practicals: 


1. Determination of viscosity of liquids

2. Pressure measurements by manometers

3. Reynolds experiment

4. Verification of Bernoulli principle

5. Calibration of venturimeter

6. Calibration of orificemeter

7. Calibration of rotameter

8. Friction in flow through pipes

9. Characteristics of centrifugal pump

10. Minor losses in pipes 

Text Books: (As per IEEE format)
1.  Warren Lee McCabe, Julian Smith, Peter Harriott ; Unit Operations in Chemical Engineering., 7th edition, McGraw Hill Publications 
2. Bansal R.K.; A Textbook of Fluid Mechanics and Hydraulic Machines., 9th edition., Laxmi Publications (P) Ltd

Reference Books: (As per IEEE format)
1. Den M.M.; Process Fluid Mechanics; 1980., Prentice Hall
2. Yunus A.Cengel and John M. Cimbala.; Fluid Mechanics-Fundamentals and Applications; 3rd edition, Tata McGraw Hill
Course Outcomes:
The student will be able to – 

1. Determine pressure in fluids by using manometer

2. Determine the viscosity of liquids by using viscometer

3. Determine the type of flow and major and minor energy losses in pipes

4. Use orificemeter, venturimeter and Rotameter to measure flow rates.

5. Determine the operating characteristics of centrifugal pump.


CH 20307:: PHYSICAL AND INORGANIC CHEMISTRY LABORATORY

Credits: 2




Teaching Scheme: 2 Hours / Week
List of Practical: 

1. Study of adsorption of acetic acid on activated charcoal from solution.

2. Measurement of radius of macromolecule by Ostwald’s viscometer.

3. To standardize Na2S2O3 solution by preparing K2Cr2O7 and to estimate percentage of Cu from brass.

4. Preparation of potassium trioxalato aluminate. 

5. Preparation of potash alum.

6. Separation and identification of components from a given sample using High Performance Liquid Chromatography (HPLC).

7. Separation and identification of components from a given sample using Gas Chromatography. 

8. Determination of concentration of copper from brass iodometrically.

9. Determination of strength of HCl solution by titrating against NaOH using PH metry.

10. Determination of amount of Ni gravimetrically as Ni-DMG.

11. Determination of reaction rate constant of acid catalyzed hydrolysis of ester/saponification of ethyl acetate and determination of order of the reaction.

12. Determination of partition coefficient and molecular condition of benzoic acid between benzene and water.

13. Preparation and characterization of colloidal solution (sol).

14. Synthesis and characterization of metal nanoparticles using Spectrophotometry.

Text Books: 
1. A.M. Mounir; Experimental inorganic and physical chemistry: An investigative, integrated approach to practical project work;  Woodhead Publishing, 1999.
2. H. Kuhn, H. D. Försterling, D. H. Waldeck; Principles of Physical Chemistry, 2nd Edition, 2009
Reference Books: 
1. J.R.Dyer; Application of adsorption spectroscopy of organic compounds, Prentice Hall of India Ltd, 1965.

2. D.F.Shriver;  Inorganic Chemistry, 2nd edition, ELDS Publications, 1994.

3. F.A.Cotton and Wilkinson;  Advanced Inorganic Chemistry, 6th edition, John Wiley & Sons, Inc., 1999.

4. G. Chatwal and M.S. Yadav.; ‘Co-ordination Chemistry’, 2nd edition, Oscar Publications, 1995.
Course Outcomes:
The student will be able to – 

1. Draw adsorption isotherms and get the value of constants. 

2. Get HPLC and GC data, spectrophotometric data of chemicals, its characterization and study. 

3. To get quantitative analysis of metal ion solution volumetrically.

4. Synthesize complex inorganic compounds e.g. potassium trioxalato aluminate, potash alum.

5. Get pH metric analysis, rate constant of reactions, partition coefficient and determine viscosity of different solutions. 

CH 21301 :: CHEMICAL ENGINEERING MATERIALS LABORATORY

Credits: 01                                                               Teaching Scheme: - Laboratory 2 Hrs/Week 
List of Practicals:

Minimum 8 experiments to be performed based on but not restricted to the following topics:

1. Microstructure observation and study of metals and alloys. (Minimum five) low carbon steel, medium carbon steel, high carbon   Steel, tin, bronze, brass, phosphor bronze.

2. Study of properties of polymeric materials; impact test and polymeric tests.

3. Corrosion testing (salt spray test for different samples such as plain carbon steel, chrome plate steel, galvanized steel.) 

4. Different types of hardness test on metals. i.e. Rockwell hardness test, Brinell hardness test, Shore scleroscope tests. 

5. Izod and Charpy impact test on mild steel, copper, brass and aluminum.

6. Chemical analysis of metals and alloys (Any one element to be analyzed e.g. molybdenum from stainless steel, carbon from steel, copper from brass etc.)

7. Macrostructure observation: (flow lines observation in forging by macro etching sulphur printing of steel.)

8. Study experiments based on, i) Dye penetration ii) Rubber lining, iii) Ultrasonic test, iv) Heat treatments.

Textbooks:

Callister, W.D. Jr. ‘Materials Science and Engineering: An Introduction’, 7th ed, John Wiley and Sons, 2006.

References:
1. James F. Shacketford, introduction to material science, McMillan publishing company, Newyork ISBN 1990.

2. D. Z.Jestrazebaski, Properties of Engg. Materials, 3rd Ed. Toppers.Co. Ltd.

3. J.L.Lee and Evans, Selecting Engineering Materials for Chemical and Process Plants, Business Works, 1978.

4. Khurmi, R.S. and Gupta, J.K.; ‘A textbook of machine design’, Chand (S.) & Co Ltd India, 11th ed, 1996.

Course Outcomes
Students will be able to – 

1. Determine hardness of given specimen.

2. Determine presence of surface crack.

3. Explain microscopic structure of various metals and alloys. 

4. Describe corrosion process and its type. 

5. Explain phase diagram of alloy systems and correlation between microstructure and mechanical properties.

Module IV, S.Y. B.TECH. Chemical Engineering

	Subject No.

	Subject Code
	Subject Name
	 Teaching Scheme (Hrs/week)
	Credits

	
	
	
	Lect.
	Tutorial
	Practical
	

	S1
	CH21102
	Differential Equations
	3
	0
	0
	3

	S2
	CH20102
	Chemical  Engineering   Thermodynamics
	3
	0
	0
	3

	S3
	CH20104
	Heat Transfer 
	3
	0
	0
	3

	S4
	CH20106
	Organic Chemistry
	3
	0
	0
	3

	S5 MD
	CH21104
	Basics of Environmental Engineering
	2
	0
	0
	2

	T1
	CH21202
	Differential Equations (Tutorial)
	0
	1
	0
	1

	T2
	CH20202
	Chemical  Engineering   Thermodynamics (Tutorial)
	0
	1
	0
	1

	Lab1
	CH20304
	Heat Transfer 
	0
	0
	2
	1

	Lab2
	CH20306
	Chemistry Laboratory
	0
	0
	2
	1

	Lab3
	CH21304
	Environmental Engineering Laboratory
	0
	0
	2
	1

	Lab4 (SD)
	
	Department Specific Elective (see Table after Module IV)
	0
	0
	2
	1

	Lab5
	
	Communication Skills
	0
	0
	2
	1

	CVV2
	CH20402
	Comprehensive Viva Voce
	Based on courses S6,S7
	2

	MP4
	CH27402
	Mini Project
	0
	0
	2
	2

	
	
	Total
	14
	2
	12
	25


CH 21102 :: DIFFERENTIAL EQUATIONS
Credits: 03                                                                        Teaching Scheme: - Theory 3 Hrs/Week  
Unit-1 










(8 Hrs)
 Introduction to Ordinary Differential Equations

A. Intro. & Basic concepts, Separable DE & numerical, Second & higher order DE , Second order homogeneous  DE with const coefficients, Case of complex roots & exponential functions & numerical , Euler - Cauchy Eq. & numerical, Revision of analytical methods &  Basics of numerical solutions of DE
B. System of DE, Euler's Method & RK-4 Method

Unit-2 










(8 Hrs)
Engineering Applications of Ordinary  Differential Equations 

 A. Engineering Applications of DE: Analysis of chemical drainage from a storage tank, Analysis of Compound diffusion, Simultaneous reactions in PFR, Temp & Conc analysis for a non-isothermal batch reaction ,Other Engineering Applications: Simulating transient current for RLC Circuit (Electrical Engg.),Motion of a damped spring-mass system (Mechanical Engg.) , 
B. Conduction in heated plane surface (Aerospace Engg.), Deflection of sailboat mast (Environmental Engg.) 

Unit-3 










(8 Hrs)
Laplace Transform, Vector Algebra & Complex Numbers 

A. Intro. To LT & Basic derivations, Linearity of LT & first shifting theorem ,LT of first & higher order derivatives ,Solution of DE using LT & LT of the integral of a function ,Convolution Theorem & Commutive, distributive & associative laws ,Intro & basics of vector algebra, Vector addition & scalar multiplication, Dot & Cross products , Gradient of a scalar field, Directional derivatives, Divergence & curl of a vector field ,Green's theorem in the plane, Stoke's theorem, Green's Theorem as a special case of Stoke's theorem, Intro. To complex numbers, Basic addition, subtraction, multiplication & division operations, complex conjugates, Complex plane, polar form of complex numbers.
B. De-Moivre's Theorem, Cauchy-Reimann Equations & Numerical.

Unit 4 










(8 Hrs)
Introduction to Partial Differential Equations

A. Intro & basic concepts of PDEs, Steady-state problems with dirichlet boundary conditions (Elliptic eq.) ,Steady-state problems with derivative & irregular boundaries ,Control volume approach & numerical, Space-time variable problems (Parabolic equations) & Numerical, Basics of numerical solutions of PDEs B. Central difference & Crank-Nicolson's Method.

Unit-5 










(8 Hrs)
Engineering Applications of Partial Differential Equations 

A. Engineering Apps of PDE: Temperature of a heated plate with dirichlet boundary conditions, Temperature of a heated plate with irregular boundary, Explicit & implicit solution for 1-D heat conduction problem, Deflection of a simply supported square plate with areal load ( Civil Engg. ),Two dimensional electrostatic filed problems (Electrical Engg.)
B. Heated plate with insulate edge & irregular boundary, Crank-Nicolson solution to the heat conduction eq.
Text Books 
1. “Advanced Engineering Mathematics”, Erwin Kreyszig, John Wiley and sons, inc.
2. “Advanced Engineering Mathematics”, Michael D. Greenberg, Prentice Hall International publishers.

3. “Higher Engineering Mathematics”, B.S. Grewal, Khanna Publishers.
Reference Books 
1. “Advanced Engineering Mathematics”, Alan Jeffrey, Academic Press. 

2. “Advanced Engineering Mathematics”,Dennis G. Zill and Michael R. Cullen,             Narosa  Publishing House.

3. “Advanced Engineering Mathematics”, C. Ray Wylie, Louis C Barrett R, McGraw- Hill  Book Company
Additional Reading
1. “Applied Mathematics for Engineers and Physicists”, Pipes and Harvill, McGraw- Hill.

2. “Applied Mathematics in chemical engineering”, Mickley H.S.; Tata McGraw- Hill.

3. “Advanced Modern Engineering Mathematics”, James, G., Pearson Education.

Course Outcomes:
The student will be able to – 

Solve first and higher order ODEs using analytical and numerical methgods. 

Solve ODEs resulting from diverse engineering applications in the fields of mechanical, civil, environmental, town planning, chemical engineering 

Solve single and simultaneous ODEs using Laplace Transform.

Classify PDEs and solve using various numerical methods. 

Solve major three types of engineering PDEs resulting from diverse engineering applications. 

CH 20102 ::  CHEMICAL ENGINEERING THERMODYNAMICS

Credits: 03 





Teaching Scheme: - Theory 3 Hrs/Week 

Unit I










(8 Hrs)

Thermodynamic Properties of Fluids

A. Maxwell relationships, homogeneous phases, residual properties, residual properties by equations of state, two-phase systems
B. Clausius - Clapeyron equation, tables and diagram of thermodynamic properties. 
Unit II










(7 Hrs)

Solution Thermodynamics 

A. Fundamental property relations, chemical potential, criteria for phase equilibrium, partial properties, ideal gas mixtures, fugacity and fugacity coefficients for pure species, for species in solution, ideal solutions, 
B. generalized correlations, van Laar equation, 
Unit III









(7 Hrs)

Solution Thermodynamics Applications
A. Excess properties, VLE data- fugacity, Activity coefficients, Excess Gibb’s energy, Margules equation, NRTL, UNIQUAC

B. Wilson, Property changes of mixing
Unit IV









(9 Hrs)

Phase Equilibria 

A. Vapour – liquid equilibrium: The nature of equilibrium, criteria of equilibrium, phase rule, Duham’s theorem, Raoult’s law, VLE by modified Raoult’s law, dew point and bubble point calculations, Flash calculations, Determine whether azeotrope exist, Equilibrium and stability
B. liquid -liquid equilibrium, solid liquid equilibrium, VLL equilibrium
Unit V










(9 Hrs)

Chemical Reaction Equilibria

A. Criteria for equilibrium to chemical reactions, the standard Gibbs free energy change and the equilibrium constant.
Effect of temperature on equilibrium constant, evaluation of the equilibrium constant, relation of equilibrium constant to composition, calculation of equilibrium conversion for single reaction

B. The phase rule and Duhem’s theorem for reacting systems, multireaction Equilibria
Text Books 
1. J. M. Smith, H. C. Van Ness, M. M. Abbott; Introduction to Chemical Engineering Thermodynamics; Seventh Edition, McGraw-Hill 
2. K. V. Narayanan; A Textbook of Chemical Engineering Thermodynamics; Third Edition, Prentice-Hall of India Pvt. Ltd. 
Reference Books 
1. B. G. Kyle; Chemical & Process Thermodynamics; Third Edition, Prentice Hall, New Jersey, 1999.

2. S. I. Sandler; Chemical & Engineering Thermodynamics; Third edition, John Wiley, New York, 1999.

3. O. A. Hougen, K. M. Watson, R. A. Ragatz; Chemical Process Principles Part II, Thermodynamics; John Wiley 1970

4. R. Reid, J. Praunitz, T. Sherwood; The Properties of Gases and Liquids;  Third edition, McGraw-Hill, New York, 1977
Course Outcomes:
The student will be able to – 
estimate thermodynamic properties of pure substances in gas or liquid state.
estimate important thermodynamic properties of ideal and real mixtures of gases and liquids.
solve complex chemical engineering problems using thermodynamic concepts, data and models.
analyze  phase equilibria in two-component system and generate VLE data

analyze chemical reaction equilibria and use standard heats and free energies of formation to evaluate equilibrium constants and determine equilibrium.
CH 20104: HEAT TRANSFER

Credits: 03



       Teaching Scheme: Theory 3 Hrs Hours / Week
Unit 1: Conduction








(8 Hrs)
Part A:

Introduction to heat transfer, conduction heat transfer, convection heat transfer, radiation heat transfer Fourier’s law of heat conduction, thermal conductivity, general differential equation for conduction heat transfer, steady state heat conduction through a plane slab, composite slab, hollow cylinder, composite cylinder and hollow sphere, thermal insulation and critical thickness of insulation

Part B: 


Thermal conductivity of materials, insulators, engineering applications of heat transfer
Unit 2: Convection without Phase Change




 
(9 Hrs)
Part A:

Newton’s law of cooling, individual and overall heat transfer coefficient, natural and forced convection systems. Heat transfer from extended surfaces with uniform cross section, thermal boundary layer, dimensional analysis in heat transfer, dimensional analysis by Rayleigh’s method and Buckingham’s method

Part B:

Natural and forced convection systems, different types of fins

Unit 3: Convection with Phase Change and Radiation



(8 Hrs)
Part A:

Condensation: Modes and features: Theory and derivation of Nusselt’s equation, Condensation on vertical plate and horizontal plate. Heat transfer in boiling liquids: Pool boiling of saturated liquid, Concept of maximum heat flux and critical temperature drop.       

Fundamental facts and definition of terms radiation heat transfer, basic equation of heat transfer by radiation, various cases of radiation between two surfaces, the shape factor, radiation shields

Part B:

Condensers and boilers, radiation heat transfer systems

Unit 4: Heat Exchangers 







(8 Hrs)
Part A:

Classification of heat exchangers, double pipe heat exchangers, Shell and tube heat exchangers, fouling factors, LMTD and NTU methods for heat exchanger calculation to estimate heat transfer area and overall heat transfer coefficient

Part B:

Different types of heat exchangers, compact heat exchangers

Unit 5: Evaporation








(7 Hrs)
Part A:

Evaporation, material and energy balance, calculations, performance, capacity and economy, single and multiple effect evaporators, effect of liquid head and boiling point elevation

Part B: 


Different types of evaporators

Text Books: 
1. Yunus A. Cengel; Heat Transfer: A Practical Approach; 4th Edition; McGraw Hill Education (India) Private Limited

2. S.P. Sukhatme; A Textbook on Heat Transfer; 4th Edition; Universities Press

Reference Books: 
1. Frank P. Incropera, David P. DeWitt, Theodore L. Bergman, Adrienne S. Lavine, F; Fundamentals of Heat and Mass Transfer; 7th Edition; John Wiley & Sons

2. Kern D.Q.; Process Heat Transfer; 1st Edition; Tata McGraw Hill

3. McCabe W.L., Smith J.C., Peter Harriott; Unit Operations of Chemical Engineering; 7th edition; McGraw Hill

Course Outcomes:
The student will be able to – 

1. Distinguish between mechanisms of heat transfer 

2. Derive basic heat transfer equations from first principles

3. Solve heat transfer problems using empirical correlations

4. Design simple heat exchangers

5. Do basic evaporator calculations

CH 20106 :: ORGANIC CHEMISTRY

Credits: 3



       
      Teaching Scheme: 3 Hours / Week
Unit 1:  Structural Effect and Reactivity 
A. Benzene and aromaticity, concept of aromaticity (4n+2), conditions necessary for demoralization, breaking and formation of bonds (Reaction intermediate).Factors affecting electron availability –Inductive effect, Resonance effect (resonance structures of naphthalene, anthracene , aniline , phenoxide ion, benzaldehyde, nitrobenzene, etc.), hyperconjugation, steric effect, tautomerism. Structure of organic molecules. Acidity, basicity and pKa. Types of reactions, types of reagents. 
B.  Acidity and basicity of organic compounds, pKa and pKb terms.
Unit 2:    Reaction Mechanisms-I





(8 Hours)

A.   Nucleophilic substitution –Hydrolysis of alkyl halide (SN1 Mechanism).Also discuss SN2 mechanism and factors affecting SN reactions. Electrophilic substitution in benzene and mono-substituted benzene nitration, sulphonation, halogenation, Friedel Craft alkylation and acylation. Electrophilic alkene, polar addition of hydrogen halides and water, alkylation, dimerisation, oxidation of alkene to form epoxide. Elimination’s - E1 reaction s in acid catalyzed dehydration of alcohols, base catalyzed dehydro- halogenation of alkyl halides, comparison of elimination with substitution. Also cover E2 mechanism. Rearrangement-Beckman rearrangement. Baeyer- villager reaction.
B. Chemoselectivity

Unit 3:
 Reaction Mechanisms-II





(8 Hours)

A. Addition of carbon nucleophilic to C=O- Grignard reaction for preparation of primary, secondary and tertiary alcohol’s and carboxylic acids. Nucleophilic substitution by carbon nucleophile- Wurtz reaction. Carbanion involves in condensation- Aldol condensation and Claisen ester condensation. Rearrangement -Favorskii rearrangement, pinacol rearrangement, dienone phenol rearrangement and benzilic acid rearrangement. Reactions involving free radical intermediates. Substitution reaction- Halogenation of methane, Dimerization- Kolbe synthesis. Substitution reaction- Halogenation of methane Dimerization- Kolbe synthesis. 
B. Classification of organic reactions, Carbanion and free radical generation and their stability order.

Unit 4:
 Stereochemistry and Hetercyclic compounds


(8 Hours)

A. Stereochemistry: Basic concepts of Stereochemistry, conformational isomerism of ethane, propane, butane, cyclohexane. Optical isomerism with one, two chiral centres (AA and AB types), erythro, threo, meso distereoisomers. Geometrical isomerism (compounds containing one double bond). Resolution and diastereoselectivity. Heterocyclic compounds: Structure, Reactions and synthesis.
B. Conformational isomerism of monosubstituted cyclohexane, Problems on designation of organic compounds. Synthesis and application of ionic liquids.

Unit 5: Equilibria, rates and mechanisms




(8Hours)

A. Equilibrium constant variation with the reactant and product, product formation, entropy of reaction, Equilibrium constant variation with the temperature. Kinetics of reaction. Kinetic versus thermodynamic products, solvents effects in product formation. Determination of reaction mechanism- Hammet relationship, detection of intermediates. Spectrophotometric determination of organic structures. 
B.  Methods for investigation of mechanism. Spectrophotometric analytical tools study. 
Text Books: (As per IEEE format)
1. B.K.Sharma; Instrumental method of analysis, Goel Publishing House, 1995. 

2. J.March; Advanced Organic Chemistry, 5th edition, McGraw Hill International Book Company, 2001.

3. J.Clayden,  N.Greeves, S.Warren, P, Wothers; Organic Chemistry, Oxford University Presss. 

4. R.T. Morrison, R.N.Boyd; Organic Chemistry, 6th edition, Prentice Hall inc. 1996, USA
Reference Books 
1. S.Warren; Organic Synthesis, The Disconnection Approach, John Wiley, 2004.

2. P.G.M.Wuts, Greene, T.W.; Greene’s Protective Groups in Organic Synthesis, 4th edition, Wiley Interscience, 2006.

3. J.M. Coxon, R.O.C.Norman; ‘Principles of Organic Synthesis’, 3rd edition Blackie Academic and Professional, 1993.
Course Outcomes:
The student will be able to – 

1.
 Find out the structure and activity of organic compounds with the help of Hückel’s rule, pKa and pKb value and spectrophotochemical behavior.

2.
Find out intermediate and mechanism of organic compounds.  

3. 
To select the reagents and physical and chemical conditions to carry out the desired reaction.

4.
Get the stereo chemical structure and activity of organic compounds and synthesis mechanism of heterocyclic compounds.

5.
Find out the effect of solvents on the reaction rate and the product.

CH 21104 ::  BASICS OF ENVIRONMENTAL ENGINEERING

6. Credits: 02                                                                                  Teaching Scheme: -  2 Hrs/Week
Course Outcomes:
The student will be able to – 

 

1. Quantify the factors related to pollution of environment and use environmental education and management process for solving of environment pollution.

2. Analyze different types of Air, Water and Land Pollution and its treatment procedures.

3. Development of environmental management technique and its evaluation technique.

4. Quantize different types of environmental related problems with a particular Act and governmental rules regarding control of pollution.   

5. Quantify the risk associated with the hazardous and electronic waste
Unit 1: Overivew of pollution & Environment     




       (5 Hrs)
1. Introduction, Man Interfaces with environment, Components & factors affecting environment, Types of environment, Different Eco systems, Environmental management, its objectives and components, Environmental education, its objectives and principles, Word and Environment, India and Environment

2. Pollution- origin, classification, types, Introduction to Water, Air, Land pollution.
Unit 2: Water Pollution                                            



     (7 Hrs)
1. Waste water overview, Waste water characteristics and analysis, Waste water treatment, objectives and methods, Waste water treatments methods: - Physical unit operations, Chemical unit processes, Biological unit processes, advanced waste water treatment.

2. Water pollution in process and petrochemical industries.
Unit 3: Air pollution  







    (5 Hrs)
1. Sources and effects, Air pollution sampling & measurements, Air pollution control methods and equipments, Control of specific gaseous pollutants, particulate matter, Noise pollution

2. Air pollution process and petrochemical industries.
Unit 4: Land pollution & solid waste management                                              (6 Hrs)
1. Land pollution by different sources and its effects, Control of land pollution and strategies, Solid waste sources, types & its effects, Solid waste characteristics, collection and transportation, Solid waste management, disposal, waste processing and recovery, 

2.  Hazardous waste management & risk assessment, Electronic waste.
Unit 5: Environmental standards and legislations




    (5 Hrs)
1. Introduction, Water Act, Air Act, The environment protection Act, The hazardous waste (Management and Handling) rules, Bio-Medical waste rules, and Municipal solid waste rules

2. Central and State pollution control board’s standards and norms for environment.
Text Books:- 
1) P. Venugopala Rao; ‘Textbook of Environmental Engineering’; Prentice Hall of India, 2002; 

2) M.N.Rao; ‘Air Pollution’; Tata Mc Graw Hill Pub. Company, Ed. 5,2000

3) M.N.Rao, A.K.Datta; ‘Waste Water Treatment’; Oxford & IBH Publishing Co.Pvt. Ltd., 2011
Reference Books:-
1) A.P.Sincero&G.A.Sincero; ‘Environmental Engineering’; Prentice-Hall of India Pvt. Ltd. 2010

2) Jerry A. Nathanson; ‘Basic Environmental Technology’; Prentice-Hall of India Pvt. Ltd., 2005

CH 21202 :: DIFFERENTIAL EQUATIONS (Tutorial)

Credits: 01 





Teaching Scheme: - Tutorial 1 Hr/Week 

List of Contents

Solution of numerical based on Unit I to Unit V from Differential Equations course.
Text Books 
1. “Advanced Engineering Mathematics”, Erwin Kreyszig, John Wiley and sons, inc.
2. “Advanced Engineering Mathematics”, Michael D. Greenberg, Prentice Hall International publishers.

3. “Higher Engineering Mathematics”, B.S. Grewal, Khanna Publishers.
Reference Books 
1. “Advanced Engineering Mathematics”, Alan Jeffrey, Academic Press. 

2. “Advanced Engineering Mathematics”,Dennis G. Zill and Michael R. Cullen,             Narosa  Publishing House.

3. “Advanced Engineering Mathematics”, C. Ray Wylie, Louis C Barrett R, McGraw-        Hill  Book Company
Additional Reading
1. “Applied Mathematics for Engineers and Physicists”, Pipes and Harvill, McGraw- Hill.

2. “Applied Mathematics in chemical engineering”, Mickley H.S.; Tata McGraw- Hill.

3. “Advanced Modern Engineering Mathematics”, James, G., Pearson Education.

Course Outcomes:
The student will be able to – 

Solve first and higher order ODEs using analytical and numerical methgods. 

Solve ODEs resulting from diverse engineering applications in the fields of mechanical, civil, environmental, town planning, chemical engineering 

Solve single and simultaneous ODEs using Laplace Transform.

Classify PDEs and solve using various numerical methods. 

Solve major three types of engineering PDEs resulting from diverse engineering applications. 

CH 20202 :: CHEMICAL ENGINEERING THERMODYNAMICS (Tutorial)

Credits: 01 





Teaching Scheme: - Tutorial 1 Hr/Week 

List of Contents

Solution of numerical based on Unit I to Unit V from Chemical Engineering Thermodynamics course.
Text Books 
1. “Introduction to Chemical Engineering Thermodynamics”, Smith J.M. and Van Ness H.C. Kogakushai, 1976.

2. “Chemical Engineering Thermodynamics”, Narayanan K.V., Prentice-Hall of India Pvt. Ltd., 2006.
Reference Books 
1. “Chemical & Process Thermodynamics”, Kyle, B.G., 3rd Ed, Prentice Hall, New Jersey, 1999.

2. “Chemical & Engineering Thermodynamics”, Sandler S.I., 3rd ed., John Wiley, New York, 1999.

3. “Chemical Process Principles Part II, Thermodynamics”, Hougen, O.A., Watson, K.M., and Ragatz, R.A., John Wiley 1970.

4. “The Properties of Gases and Liquids”, Reid R., Praunitz J., Sherwood T., 3rd ed., McGraw-Hill, New York, 1977.
Course Outcomes:
The student will be able to – 
1. estimate thermodynamic properties of pure substances in gas or liquid state.
2. estimate important thermodynamic properties of ideal and real mixtures of gases and liquids.
3. solve complex chemical engineering problems using thermodynamic concepts, data and models.
4. analyze  phase equilibria in two-component system and generate VLE data

5. analyze chemical reaction equilibria and use standard heats and free energies of formation to evaluate equilibrium constants and determine equilibrium.

CH 20304: HEAT TRANSFER LABORATORY

Credits: 01



   
    Teaching Scheme: Laboratory 2 Hrs/Week
List of Practical
Required to perform minimum 6-8 practical from the list given below:

1. Determination of thermal conductivity of insulating powder

2. Determination of thermal conductivity of composite wall

3. Determination of thermal conductivity of a metal rod and to study effect of temperature on its thermal conductivity.

4. Determination of heat transfer coefficient for convection heat transfer 

5. Determination of efficiency and effectiveness and efficiency of fin

6. Verification of Stefan-Boltzmann constant

7. Determination of emissivity of a nonblack surface

8. Determination critical heat flux in pool boiling

9. Analysis of heat exchangers performance in double pipe heat exchanger

Text Books: 
1. Yunus A. Cengel; Heat Transfer: A Practical Approach; 4th Edition; McGraw Hill Education (India) Private Limited

2. S.P. Sukhatme; A Textbook on Heat Transfer; 4th Edition; Universities Press
Reference Books: 
1. Frank P. Incropera, David P. DeWitt, Theodore L. Bergman, Adrienne S. Lavine, F; Fundamentals of Heat and Mass Transfer; 7th Edition; John Wiley & Sons

2. Kern D.Q.; Process Heat Transfer; 1st Edition; Tata McGraw Hill

3. McCabe W.L., Smith J.C., Peter Harriott; Unit Operations of Chemical Engineering; 7th edition; McGraw Hill

Course Outcomes:
The student will be able to – 

1. Determine thermal conductivity of various materials experimentally

2. Determine heat transfer coefficient in convection experimentally

3. Determine emissivity and verify radiation basic laws experimentally

4. Solve heat transfer problems using empirical correlations

5. Analyze the performance of double pipe heat exchanger 

CH 20306 :: CHEMISTRY LABORATORY
Credits: 01 



Teaching Scheme: - Laboratory 2 Hrs/Week 

List of Practical
1. Purification of organic compound by recrystalization and sublimation and to find their physical constants (any two compounds).

2. Organic qualitative analysis - preliminary tests, type, elements, functional group and physical constants- atleast one function from each type.

3. Acids- benzoic acid, salicylic acid, phthalic acid, oxalic acid, acetic acid.

4. Phenols-  naphthol,  naphthol, resorcinol, O-nitrophenol, P-nitrophenol

5. Bases- Aniline, p-toludine, diphenylamine

6. Neutral- Benzaldehyde, glucose, acetone, ethylmethyl ketone, ethyl acetate, naphthalene, nitrobenzene, urea, thiourea, m- dinitrobenzene.

7. Preparation of m-dinitroaniline from nitrobenzene.

8. Oxidation of an organic compound using oxidizing agent- Theory explanation, and analysis of product.

9. Isatin from indigo – Theory explanation, and analysis of product.

10. Methyl orange- Theory explanation and analysis of product.

Text Books 
1. J.V.Cohen; Practical Organic Chemistry, Macmillan and Co.Limited. 
2. A.I.Vogel, A.R.Tatchell, B.S.Furnis, A.J Hannaford, P.W.G.Smith; Vogel's Textbook of Practical Organic Chemistry, 5th edition, Prentice Hall inc; 1996, USA
Reference Books 
1. A.I.Vogel, A.R.Tatchell, B.S.Furnis, A.J Hannaford, P.W.G.Smith; Vogel's Textbook of Practical Organic Chemistry, 5th edition, Prentice Hall inc; 1996, USA

2. J.Clayden; N.Greeves; S.Warren, P.Wothers; Organic Chemistry, Oxford University Press.

3. J.V.Cohen; “Practical Organic Chemistry, Macmillan and Co. Limited. 

Course Outcomes:
The student will be able to – 

1. Purify organic compounds by physical methods.

2. get qualitative analysis data of an organic compounds.

3. Synthesize few organic compounds e.g. methyl orange etc. 

4. Get melting point and boiling point of any organic compound.

5. Give mechanism of synthesis of organic compounds. 

CH 21304:  ENVIRONMENTAL ENGINEERING LABORATORY

7. Credits: 01 Teaching Scheme: - Laboratory  2 Hrs/Week 

Course Outcomes
1. The student will be able to find parameters like BOD, COD , alkalinity, acidity, hardness of waste water samples.

2. The student will be able to characterise and analyse the water from various industries. 

3. The student will be able to determine  alkalinity, acidity, hardness of waste water samples

4. The student will be able to Test and analyse the sample using appropriate method.

5. The student will be able to analyze different types of natural resources and their pollution related to environment and surroundings.
List of Practicals
1. Waste water sample preparation and dilution

2. To determine the alkalinity of waste water samples

3. To determine the acidity of water samples

4. To determine the hardness of water samples

5. To determine the Dissolved Oxygen of water samples

6. To determine BOD of waste water samples

7. To determine COD of waste water samples

8. TO determine the surfactant concentration in waste water samples

9. Removal of contaminants from water samples by adsorption

10. Removal of heavy metals from water samples
Text Books:- 
1. Dr.Sunita Rattan, ‘Experiments in Applied Chemistry’, S.K. Kataria& Sons publishers

2. GorgeTchobanoglous& Franklin Burton,  Metcalf & Eddy INC, ’Waste water Engineering‘, Tata McGraw-Hill Publishing Co.

3. B.K. Sharma,’Environmental Chemistry’, Goel Publishing House
Reference Book:
1. G.H.Jeffery, J. Bassett,’Vogel’s Text book of Quantitative Chemical Analysis’, John Willey and Sons Publishing 

Skill Development Courses (SD3/SD4), S.Y. B.TECH. Chemical Engineering

	Subject Code
	Subject Name

	CH24301
	Computing in MS Excel

	CH24302
	Chemical Synthesis

	CH24303
	Pipe Stress Analysis Using CAESAR-II

	CH24304
	Water Treatment

	CH24305
	Heat Exchanger Simulation Using HTRI

	CH24306
	Industrial Visits

	CH24307
	Analytical Techniques

	CH24308
	Scilab


CH 24301 :: COMPUTING IN MS EXCEL

Credits: 01                                                                Teaching Scheme: - Laboratory  2 Hrs/Week 

List of Practical (any 8)

1. Introduction to Ms Excel & basic commands.

2. Introduction to higher level commands.

3. Preparation of flow sheet & plotting of graphs.

4. To study material balance problems with excel.

5. To study energy balance problems with excel.

6. Import & Export of data.

7. Solving Heat transfer problem with excel 

8. Solving Process Calculation problem with excel 

9. Different operation on Matrix with excel 

10. Solving different numerical methods.

11. To study preparation of mass balance. 

12. Interfacing of excel with Mat lab.
Text Books 
1. “Stoichiometry”, Bhatt B. I. and Vora S. M, Tata McGraw Hill Publications4th Edition, 2004.

2. “Unit operations in Chemical Engineering”, McCabe W.L. and Smith J. C,McGrawHill, 5th edition.
Reference Books 
A. “Basic Principles & Calculations in Chemical Engineering”, Himmelblau D. M., Tata McGraw Hill Publications, 7th Edition, 2004.

B. “Heat Tranfer”, Holman J. P, McGraw Hill, 7th edition, 1993.

Course Outcomes:
The student will be able to – 

1. solve various problems with the use of a spreadsheet for technical computations 

2. to use the numerical routines provided in MS Excel to carry out computational tasks..

3. solve different Chemical engineering problems with numerical methods.

4. calculate mass balance around single equipment.

5.link data between different spreadsheet.

CH 24302 :: CHEMICAL SYNTHESIS

Credits: 01 



Teaching Scheme: - Laboratory 2 Hrs/Week 

List of Practical
1. Synthesis of Aspirin- different route of synthesis, explanation, and analysis of product.

2. Halogenation of cyclo alkanes- Theory explanation, and analysis of product.

3. Disintegration of hazardous organic dyes using catalyst- preparation of catalyst, Theory explanation, and analysis of product.

4. Extraction of protein from root of water hyacinth plant and use in water treatment.

5. Alizarin - Theory explanation, and analysis of product.

6. Isatin from indigo – Theory explanation, and analysis of product.

7. Sudan-I- Theory explanation, and analysis of product.

8. Cinnamic acid (Perkin's reaction) – Theory explanation, and analysis of product..

9. Benzoylacetone (Claisen's reaction) – Theory explanation, and analysis of product.

10. Oxidation of an organic compound using oxidizing agent- Theory explanation, and analysis of product.
Text Books 
1. J.V.Cohen; Practical Organic Chemistry, Macmillan and Co.Limited. 
2. A.I.Vogel, A.R.Tatchell, B.S.Furnis, A.J Hannaford, P.W.G.Smith; Vogel's Textbook of Practical Organic Chemistry, 5th edition, Prentice Hall inc; 1996, USA
Reference Books 
1. A.I.Vogel, A.R.Tatchell, B.S.Furnis, A.J Hannaford, P.W.G.Smith; Vogel's Textbook of Practical Organic Chemistry, 5th edition, Prentice Hall inc; 1996, USA

2. J.Clayden; N.Greeves; S.Warren, P.Wothers; Organic Chemistry, Oxford University Press.

3. J.V.Cohen; “Practical Organic Chemistry, Macmillan and Co. Limited. 

Course Outcomes:
The student will be able to – 

1. Synthesize organic compounds by oxidation reactions and multiple step synthesis reactions.

2. Analyze qualitative analysis of organic compounds.

3. Give mechanism of synthesis of few organic synthesis reactions. 

4. Synthesize artificial chemical dyes. 

5. Analyze and perform electrophilic aromatic substitution reactions.  

CH 24303: PIPE STRESS ANALYSIS USING CAESAR-II

Credits: 01



   
    Teaching Scheme: Laboratory 2 Hrs/Week
List of Practical
Around Two Practical per unit on the topic mentioned below:

1. Given a line sketch isometric - Input pipe run data into CAESAR-II

2. select pipe supports as given and Entering vendor data into CAESAR-II and learn stress calculation; changes for various nations.

3. Static pipe stress analysis. Use XYZ coordinates and pipe connection  basics as given data and re-do layout and stress analysis simulation. Learn  to save costs.

4. Static pipe stress analysis. Solve Tutorial. Linear dynamic analysis. Given pipe network flow simulation data and design constraints that cavitation can occur under certain constraints add static and linear dynamic stress analysis to clear the design to lie much below the maximum allowable stress.

5. Linear dynamic analysis. A Tutorial. Changes in pressure and temperature rating for header (main) and branch pipes  modular design (simulation results) and safe piping system design.

6. Pipe network simulation and safety rules as per codes. Re-design piping system to include static and linear dynamic stress analysis. Piping class components and static and linear dynamic stress analysis.

7. Preparation of specification sheets as per ASME Codes and industry job skill

8. Specifications.
Text Books: 
1. G. A. Antaki; Piping and Pipeline Engineering: Design, Construction, Maintenance, Integrity, and Repair; 1st Edition; CRC Press

2. John McCketta; Piping Design Handbook; 1st edition; CRC Press

Reference Books: 
1. Mohinder Nayyar; Piping Data Handbook; 1st edition; McGraw-Hill Professional

Course Outcomes:
The student will be able to – 

1. To learn basic concept of pipe stress analysis

2. To analyze for stress analysis of critical lines on CAESAR-II or similar software

3. To learn to select pipe supports for piping system.

4. To be able to select material of construction.

5. To learn to design as per ASME codes and prepare specification sheets.

CH 24304 :: WATER TREATMENT (LABORATORY-PD)

Credits: 01



Teaching Scheme: Laboratory- 02 Hours / Week
List of Practicals: 

1. Waste water sample preparation for testing (2 Experiments each)

2. Study physical properties of waste water (2 Experiments each)

3. Study of chemical properties of waste water (3 Experiments each)

4. Study of biological properties of waste water (2 Experiments each)

5. Study of advance treatment methods for waste water (1 Experiments each)

6. Water and waste water treatment plants industrial visit. 

Text Books: (As per IEEE format)
1. S. P. Mahajan; Industrial waste water treatment; 

2. Tchobanolous; F. L. Burton; Waster water Engineering; 3rd Edition, Metcalf &  Eddy Inc; Tata McGraw-Hill Publishing Company Ltd.

Reference Books: (As per IEEE format)
1. G. H. Jeffery J. Bassett J. Mendham R C. Denney; Textbook of Quantitative Chemical Analysis; 5th Edition., Longman Scientific & Technical Copublished in The United States with John Wiley & Sons, Inc., New York.

2. “Water Treatment Unit Processes: Physical and Chemical (Civil and Environmental Engineering)” by David W. Hendricks.
Course Outcomes:
The student will be able to – 

1. Collect and prepare the water and waste water samples for analysis.

2. Perform the analysis of waste water sample to identify the level of contaminants.

3. Carry out the experimentation for analysis of physical properties of water samples

4. Carry out the experimentation for analysis of Chemical properties of water samples

5. Carry out the advanced waste water treatment experimentation for water treatment. 

CH 24305 :: HTRI-BASED HEAT EXCHANGER SIMULATION

Credits: 01 Teaching Scheme: - Laboratory  2 Hrs/Week 

Prerequisites: Nil
Objectives: 
1. To use HTRI software to design heat exchangers.

2. To learn to use TEMA codes for design of heat exchangers.

3. Mapping with PEOs : 4,5 (c, d, e)

List of Practical
Around Two Practical per unit on the topic mentioned below:

1. Fundamentals of heat transfer, conduction, convection and radiation. Types of heat exchanger and design Philosophy.

2. TEMA codes and applications in heat exchanger design, various types of industrial specification for design; correlation equation used in heat exchanger design.

3. Shell and tube heat Exchanger; double pipe heat  exchanger;  exchanger internals and design of  heat exchangers; engineering drawings used in industrial practice.

4. Condenser, types of condenser and design; use of TEMA codes.

5. Evaporators, multi- effect evaporator; use of design; specifications used in design.

6. Air cooled heat exchanger; industrial applications and design; chiller design.   
Text Books 
A)“Process heat transfer”  by D.Q.kern. 
Reference Books 
1. Coulson & Richardson's Chemical Engineering, vol 6.

2. Coulson & Richardson's Chemical Engineering, vol 2.

Course Outcomes:
The student will be able to – 

1. To learn basic concept of heat exchanger design.

2. To learn how to select TEMA construction codes based on design and selection factors.

3. To learn to select exchanger internals for a design problem.

4. To be able to select property data from various standard resources.

5. To learn about TEMA vibration test for clearing heat exchanger design.

CH 24306 : INDUSTRIAL VISITS

Credits: 01



   
    Teaching Scheme: Laboratory 2 Hrs/Week
List of Practical

Students will visit minimum three of the industries such as below mentioned chemical process industries in and around Pune. They will study the whole process before visiting the industry. Also they will make detailed report of the visit immediately after visiting an industry. 

1 Inorganic chemical industries.

2 Natural product industries.

3 Synthetic organic chemical industries.

3 Polymerization industries.

4 Metallurgical industries

5 Pollution control & toxic chemicals industries
Text Books 
1. M. Gopala Rao, Marshall Sittig; Dryden’s Outlines of Chemical Technology- For the 21st Century; Third Edition; Affiliated East-West Press Pvt Ltd; New Delhi
Reference Books 
1. Austin, George T.; Shreve's Chemical Process Industries; Fifth Edition; McGraw-Hill
Course Outcomes:
The student will be able to – 

1. Visualize and understand the various processes in the chemical process industry

2. Visualize and understand the various processing equipment used in the chemical process industry

3. Understand auxiliary equipment and utility lines in the process plant

4. Learn the process plant layout and equipment layout basics 

5. Learn the preliminary idea on process flow, testing, inspection and quality check standards of the process industry 

CH 24307 :: ANALYTICAL TECHNIQUES

	Credits: 01
	Teaching Scheme: - Laboratory  2 Hrs/Week 


List of Practicals
Minimum 6 practicals out of the following :

1)  Preparation of a spreadsheet using sample data and Statistical tools.

2) Determination of unknown concentration from the given solution using UV-Vis    

    Spectroscopy

3)  Separation of one component sample using HPLC

4)  Separation of multi component sample using HPLC

5)  Separation of one component sample using GC

6)  Separation of multi component sample using GC

7)  Separation of a sample using Ion Chromatography

8)  Volumetric exercise using PH metry.

9)  Volumetric exercise using Conductometry.

10) Determination of structural features using refractometry.
	Text Books 
1. Quantitative Chemical Analysis 6th Edn., D. Harris, Freeman, 2002.

2. Analytical Instrumentation : A Guide to laboratory, Portable and Miniaturized Instruments, Gillian Mc Mohan, John Wiley & Sons Ltd., 2008.


	Reference Books 
1. Analytical Chemistry: A Modern Approach to Analytical Science, 2nd ed., R. Kellner, et al., John Wiley & Sons, 2004

2. Analytical Chemistry, R. Kellner, M. Otto and M. Widmer, ed., John Wiley & Sons, 1998


Course outcomes :

Students will be able to – 

1. Identify the technique to be employed for the characterization of a given sample 

2. Develop suitable extraction technique for sample preparation

3. Calculate unknown concentration of the target analyte selectively in a given sample

4. Test the samples for the qualitative and quantitative analysis of the analytes

5. Develop methods for the separation and quantification of samples using chromatography

CH 24308 :: SCILAB

Credits: 01 




Teaching Scheme: - Laboratory  2 Hrs/Week 

Prerequisites: Nil

List of Practical (any 6 to 8)
1. Scilab Basics, Scilab Environment

2. The Workspace and Working Directory

3. Matrix Operations
4. Statistics.

5. Plotting graph

6. Functions in Scilab.
7. Miscellaneous Commands.   

8. Fluid flow problems

9. Problems will be taken from the areas of material and energy balances, kinetics, data fitting and analysis of experimental data.
Text Books 
1. “ Scilab manual”, Departmental manual.
Reference Books 
1.“Modeling and Simulation in Scilab/Scicos with ScicosLab 4.4”, S. L. Campbell, Jean-Philippe Chancelier, R. Nikoukhah, Springer, 2nd ed. 2009.

Course outcomes
       Student will be able to-

1. Recognize the importance of numerical methods in mathematical modeling.


2.  Perform basic algebraic and arithmetic computations in the Scilab environment.


3.  Write and interpret programs in Scilab programming language.


4.  Solve simple numerical problems using interactive Scilab commands.


5.  Solve moderately complicated numerical problems by writing Scilab programs. 

Module V, T.Y. B.TECH. Chemical Engineering

	Subject No.

	Subject Code
	Subject Name
	 Teaching Scheme 

(Hrs/ week)
	Credits

	
	
	
	Lect.
	Tutorial
	Practical
	

	S1
	CH30101
	Chemical Engineering Mathematics
	3
	0
	0
	3

	S2
	CH31101
	Mechanical Design of Equipments
	3
	0
	0
	3

	S3
	CH30103
	Mechanical Operations 
	3
	0
	0
	3

	S4
	CH30105
	Mass Transfer Operations
	3
	0
	0
	3

	S5
	CH31103
	Process Instrumentation and Instrumental Analysis
	2
	0
	0
	2

	T1
	CH30201
	Chemical Engineering Mathematics (Tutorial)
	0
	1
	0
	1

	T2
	CH31201
	Mechanical Design of Equipment (Tutorial)
	0
	1
	0
	1

	Lab1
	CH30303
	Mechanical Operations Laboratory
	0
	0
	2
	1

	Lab2
	CH30305
	Mass Transfer Operations Laboratory
	0
	0
	2
	1

	Lab3
	CH30307
	Basics of Computer Aided Chemical Engineering
	0
	0
	2
	1

	Lab5 (PD)
	
	Institute Level Elective
	0
	0
	2
	1

	CVV3
	CH30405
	Comprehensive Viva Voce
	Based on courses S2,S4
	2

	Following course to be offered in Semester I only

	SM1
	CH37301
	Seminar
	0
	0
	1
	2

	MP5
	CH37401
	Mini Project
	0
	0
	2
	2

	Following course to be offered in Semester II only

	PS1
	CH37302
	Project Stage I
	0
	0
	1
	2

	
	
	Total
	14
	2
	11/9
	26/24


CH 30101 :: CHEMICAL ENGINEERING  MATHEMATICS
Credits: 03                                                                      Teaching Scheme: - Theory 3 Hrs/Week 

Unit 1  : System of Linear Equation and Statistical Data Analysis                         (8 Hours)
Part A: Systems of linear equation using Eigen values and Eigen vector, multiple ODE, Sylvester formulae, Least square method, curve fitting and Regression (linear, multiple linear, polynomial and nonlinear)

Part B: Gauss Siedel method, Interpolation
Unit 2: Numerical Analysis I                                                                                       (8 Hours)
Part A. Root finding methods for algebraic equations (False position method, Newton-Raphson method), Euler’s method, 2nd and 4th order Runge Kutta Method, Trapezoidal rule, Simpson’s 1/3 rule, integration with unequal segments
Part B. Bisection method, modified Euler’s method, Simpson’s 3/8 rule
Unit 3: Numerical Analysis II                                                                                     (8 Hours)
Part A. Properties of finite methods (stability, convergence etc.) Finite difference method, elliptical and parabolic equations, Laplace equation, solution techniques, boundary conditions, explicit and implicit method,), Finite Volume method

Part B. Crank-Nicholson method, Introduction to Finite Element Methods
Unit 4: Optimization                                                                                                     (9 Hours)
Part A. Basic concept of optimization and formulation, Nature of optimization problem (constraints and unconstraint), Liner programming by simplex method. 

Unconstraint Optimization problem: Global and local optimization, Region of convex or concave, Indirect methods (Newton’s Method), Direct Methods (Region elimination method, Golden section method)
Part B. Hessian Matrix, Quasi-Newton’s Method, Secant Method, Polynomial approximation (Quadratic and Cubic)
Unit 5: Tensor Analysis                                                                                                 (7 Hours)
Part A. Curvilinear orthogonal system e.g. Expression in these co-ordinate systems for second order tensor such as velocity gradient

Part B. Newton’s law of viscosity in tensorial form in Cartesian coordinates
Text Books 
1. “Numerical Methods for Engineers”, Chapra, S.C.; Canale, R.P., 4th Edition, Tata-McGraw Hill Publications, 2002.

2. “Optimization of chemical processes”, Edger, T. F.; Himmelblau, D. M., McGraw-Hill, 2nd Edition, 2001.

3. “Transport Phenomena ", R.B. Bird, W.E. Stewart and E.W. Lightfoot, John Wiley.

Reference Books 
1. “Applied Mathematics and Modeling for Chemical Engineers”, Rice, R.G.; Do, D.D., John Wiley & Sons, 1995.

2. “Mathematical Methods in Chemical Engineering”, Jenson, V.G.; Jeffreys, G. V., 2nd Edition, Academic Press, 1997.

3. “Applied Mathematics in Chemical Engineering”, Mickley, H. S.; Shewrwood, T. S.; Reed, C. E., McGraw-Hill, 1957.

4. “An Introduction to Numerical Methods for Chemical Engineers”, Riggs, James B., 2nd Edition, Texas Tech University Press, 1994. 

5. “Advanced Engineering Mathematics”, Erwin Kreyszig, John Wiley and sons, inc.

Course Outcomes:
The student will be able to – 

1. solve  different Chemical engineering problems  by using matrix and various regression methods.

2. solve different Chemical engineering problems using numerical methods.

3. solve different elliptical and parabolic equations.

4. solve industrial problems by using linear optimization techniques.

5. Describe concept and applications of vectors and tensors.

CH 31101: MECHANICAL DESIGN OF EQUIPMENTS

Credits: 03



       Teaching Scheme: Theory 3 Hrs Hours / Week
Unit 1: Introduction to Design






(8 Hrs)
Part A:

Nature of design, design factors, degrees of freedom, design variables, optimization, nature of process equipments, general design procedure, basic considerations in design, standards, codes, and their significance, fabrication techniques, equipment classification and their significance, power for rotational motion, drives for process equipments. Materials of construction. Design considerations- stresses due to static & dynamic loads, design pressure, design temperature, design stress, elastic instability, combined stresses and theories of failure, fatigue, brittle fracture, creep, temperature effect, effects of fabrication methods, economic considerations. Design of machine elements- shafts, keys & pins, couplings, packing & gaskets, stuffing box & gland

Part B: 


Joints, bearings, belts & pulleys, drives, mechanical seals.
Unit 2: Pressure Vessels 







(9 Hrs)
Part A:

Basics, thin & thick wall vessel, main component of vessels, proportioning of pressure vessels, selection of L/D ratio, optimum proportions of vessels.                                                      

Design of unfired pressure vessels: Types of pressure vessels, codes and standards for pressure vessels (ASME Sec VIII Div-1, 2), material of construction, selection of material, selection of corrosion allowance and weld joint efficiency, purging of vessels.

Pressure vessels subjected to internal pressure:

Complete design as per ASME Sec VIII Div-1,2 involving     

Shells: cylindrical, spherical and conical,

Study, selection and design of various heads such as flat, hemispherical, torispherical, elliptical and conical,  

Opening/ nozzles, oblique, nozzles and manholes, nozzle sizing, nozzle opening reinforcement calculations etc.   

Flanged joints:

Gasket: Types, selection, and design.

Bolt design and selection.

Flange dimensions and optimization for bolt spacing.

Flange rating calculation as per ASME B16.5 and B16.47

Vessel internals like demister pads, spargers, vortex breaker, baffles. Inspection and testing of pressure vessels.

Part B:

Design of pressure vessels subjected to external pressure as per ASME Sec VIII Div-1, 2, constructional features, materials for high pressure vessels, solid walled vessels, multi shell construction, vessel closures, and jacket for vessels.

Unit 3: Design of Vessel Supports






(7 Hrs)
Part A:

Types of loads on pressure vessels in addition to internal & external pressure, stresses due to weight, test loads, wind & seismic loads, attached piping, weight directly attached to vessel. Introduction and classification of supports, design of bracket or lug supports- thickness of base plate, gusset plates, column supports for brackets. Design of leg supports- base plate for channel leg support. Design of skirt supports- skirt design, skirt bearing plate, anchor bolt design, design of bolting chair.

Part B:

Design of saddle supports- longitudinal bending moments, stress in shell at the saddle, stresses in the shell at mid-span, wear plates and stiffeners, design of saddles.

Unit 4: Storage Vessels 







(8 Hrs)
Part A:

Various types of storage vessels and applications, losses in storage vessels, storage of fluids- storage of volatile & non-volatile liquids- fixed roof and variable volume tanks, Various types of roofs used for storage vessels, accessories of floating roof tank. Storage of gases- spherical vessels or hortonspheres. Design of cylindrical storage vessels as per API-650- materials, bottom design, shell design, wind girders for open-top tanks, roof curb angles, self-supporting roof design, column supported roof, nozzles and mountings.

Part B:

Design of rectangular tanks as per IS: 804- design without stiffener, design with top-edged stiffener, horizontal and vertical stiffeners, bottom plate.

Unit 5: Mixers and Reaction Vessels





(8 Hrs)
Part A:

Mixers- Various types of mechanical mixers- propeller, turbines & paddles their selection, flow patterns in agitated tanks, baffling, design practices, standard geometry tank, power dissipation and discharge flow correlation, mechanical agitator design.

Part B: 


Reaction vessels- Introduction, classification, heating systems, design of vessels, study and design of various types of jackets like plain, half coil, channel, limpet oil. Study and design of internal coil reaction vessels, Heat transfer coefficients in coils.

Text Books: 
1. V.V. Mahajani, S. B. Umarji; Joshi's Process Equipment Design; 5th Edition; Trinity Press

2. Lloyd E. Brownell, Edwin H. Young; Process Equipment Design; 1st Edition; Wiley-Interscience

Reference Books: 
1. R. K. Sinnott; Coulson and Richardson's Chemical Engineering Volume 6 - Chemical Engineering Design; 4th Edition; Pergamon Press

2. Nicholas P.; Handbook of chemical processing equipment; 1st Edition; Butterworth-Heinemann

3. Denis Moss; Pressure Vessel Design Manual; 3rd Edition; Elsevier

Course Outcomes:
The student will be able to – 

1. Learn various types of design, design process and life cycle of chemical process plant

2. Design pressure vessels mechanically

3. Design supports for various pressure vessels

4. Design storage vessels mechanically

5. Design reaction vessels and mechanical mixers 

CH 30103 :: MECHANICAL OPERATIONS
Credits: 03                                                                        Teaching Scheme: - Theory 3 Hrs/Week 

Unit I :    Particle Technology and size reduction




           (8 Hrs) 
Part A. Particle size and shape, Mixtures of particles, Determination of particle size, Standard screen series, screen analysis, Screen effectiveness and capacity, Industrial screening equipments. Crushing efficiency, energy requirement calculations by using different crushing laws, Open circuit & Closed circuit grinding.

Part B. Size reduction equipments.
Unit II: Storage  & Different Operations of Solids     



          (8 Hrs ) Part A. Storage of solids, characteristics of Bulk solids. Different operations:-Froth flotation, magnetic separator, fiber and fabric filter, electrostatic precipitators, cyclone separator, hydro cyclone. 
Part B. Mineral jig, scrubbers, centrifuges, centrifugal clarifier.
Unit III: Mixing and Transport of Solids 





          (8 Hrs ) Part A. Necessity of mixing & agitation in chemical industries, Calculation of power requirement of mixing equipment, Solid – Solid Mixing, Agitator selection. Conveyors: design, calculation of Screw conveyors, Belt Conveyors, Chain & Flight conveyors, Bucket elevators, Pneumatic conveyors
Part B. Mixing equipment of pastes & viscous material, Mixing equipment of free flowing solids.
Unit IV: Filtration         


                                                                       (8 Hrs) 
A. Filter media and filter aids, classification of filtration, pressure drop through filter cake, filter medium resistance, specific cake resistance, Continuous Filtration, Washing and dewatering of filter cakes, Centrifugal filtration.
B. Filtration Equipments. 
Unit V: Fluid – Solid systems






           (8 Hrs) 
Part A. Motion of particles in liquid, drag force, drag coefficients, Gravity settling method: Terminal velocity, Stoke’s law, free settling, sink and float method, differential settling, Sedimentation and thickening: Batch sedimentation, equipments for sedimentation, Kynch theory of sedimentation, calculation of area and depth of continuous thickeners, Fluidization: flow through packed beds, characteristics of fluidized systems, minimum fluidization velocity, types of fluidization.

Part B. Batch thickeners, and continuous thickeners, applications of fluidization technique, spouted beds and fixed bed.
Text Books 
1. McCabe W. L. & Smith J. C.; “Unit Operations of Chemical Engineering”; McGraw Publications, 5th Edition.

2. Coulson J.M. & Richardson J.F.; “Chemical Engineering Vol. 2”, Pergamon Press, 5th ed., 2002.
Reference Books 
1. Badger W. L. & Banchero J. T.; “Introduction to Chemical Engineering”;McGraw Hill Publications, 1997.

2. Foust A.S.;“Principles of Unit Operations”,;John Wiley & Sons, 1965.

3. Stanley Walas, Butterworth-Heinemann; “Chemical Process Equipment Selection & Design”; 1990.  

Course outcomes 
The students should be able to –

1. Recognize basic principle of particle size measurement and distribution.

2. Select suitable size reduction equipment, solid-solid separation method and conveying system.

3. Explain basics principle of sedimentation, mixing and filtration process.

4. Design filtration bed and sedimentation unit. 

5. Describe concept of flow through packed bed and fluidized bed. 

CH 30105 :: MASS TRANSFER OPERATIONS

Credits: 03                                                                        Teaching Scheme: - Theory 3 Hrs/Week  
Unit I                                                                                                                                     (8 Hrs) 

Introduction to Mass Transfer and Molecular Diffusion  
A. Introduction to Mass Transfer Operations Molecular Diffusion in gases and liquids, diffusivities of gases and liquids, types of diffusion, Fick’s and Maxwell law of diffusion, diffusion in solids, unsteady state mass transfer. Concept of diffusivity, Eddy diffusion, film theory, penetration theory, surface renewal theory, Steady state diffusion Flux transfer equations for gas and liquid phase based on steady and unsteady state equation. Empirical equations used to determine diffusivity through gas and liquid

B. Equation of continuity, Study of Raoult’s law, Henrys law, Dimensional analysis for mass transfer and its applications, Simultaneous mass and heat transfer.

Unit II                                                                                                                                    (8 Hrs)

Equipment for gas liquid operation And Mass Transfer Coefficient
A.  Gas dispersal equipments – bubble columns, Liquid dispersal equipments – Venturi scrubbers, wetted wall columns. 

Gas dispersed Sparged vessels – flow of gas velocity problems based on aeration tank as a time for sparging Gas hold up.. Liquid hold up – determination of interfacial area based on hold up and MTC. End effects and axial mixing. Determination of mass transfer coefficient through contacting equipment.

B. Tray tower Verses packed tower. Dimensional analysis for mass transfer and its applications, Simultaneous mass and heat transfer.

Unit III                                                                                                                                  (8 Hrs)

Gas Absorption
A.  Mechanism of gas absorption, equilibrium in gas absorption, Two film theory – concept of individual and overall mass transfer coefficient , application of mass transfer theories to absorption, absorption in wetted wall columns, values of transfer coefficient, absorption in packed tower and spray tower, calculation of HETP, HTU, NTU, calculation of height of packed and spray tower. Absorption in tray towers, absorption and stripping factors, calculation of number of trays for absorption

B. Tray efficiencies, absorption with chemical reaction.  

Unit IV                                                                                                                                  (8 Hrs)

Humidification, Dehumidification and Drying
A. Principles, vapour-liquid equilibria, enthalpy of pure substances, wet bulb temperature relation, Lewis relation, cooling tower design – HTU, NTU concept, calculation of height of cooling tower. Drying: Principles, equilibrium in drying, type of moisture binding, mechanism of batch drying, continuous drying, time required for drying, mechanism of moisture movement in solid, Design principles of tray dryer, rotary dryer, spray dryer.

B. Psychrometric chart , methods of humidification and dehumidification, equipment like cooling tower,  spray dryer, fluidized bed and spouted bed dryer, pneumatic dryer and vacuum dryer.

Unit V                                                                                                                                  (8 Hrs)

Crystallization and Membrane Separation
A.  Principle rate of crystal growth, population balance and size distribution, calculation of yield, enthalpy balances, equipment.
Membrane separation techniques. Ultra filtration. Micro filtration and reverse osmosis. 

B. Batch and continuous crystallizers, Numerical based on material and enthalpy balance

Textbooks:
“Mass Transfer Operations”, Treybal, R.E., 3rd  Edition, McGraw Hill, 1980.

“Chemical Engineering – Vol. I & II”, Coulson J. M.; Richardson, J. F., 6th  Edition, Butterworth-Heinemann, 1999.

“Principles of Mass Transfer and Separation Processes” Datta B. K., Prantice Hall 2007.

Reference Books 
1. “Unit Operations of Chemical Engineering”, McCabe, W. L.; Smith, J. C.; Harriett, P., 4th Edition, McGraw-Hill, 1985.

2. “Perry's Chemical Engineer's Handbook”, Perry, Robert H.; Green, Don W., 6th  Edition, McGraw-Hill, 1984.

Course Outcomes:
The student will be able to – 

1. Apply principles of diffusion to separation and purification processes and calculate mass transfer flux.
2. Select and design appropriate gas-liquid contacting devices and design gas absorption column and cooling tower.
3. Select proper dryer, and find batch time for batch drier or design rotary drier for given requirement.

4. Select crystallization equipment and apply fundamental principles for process design.

5. Select type and membrane module for given problem. 

CH 30305 : MASS TRANSFER OPERATIONS LABORATORY

List of Practical: 
Topics may include but are not restricted to (around 8 practical)

1. Study diffusion of liquid into a gas in a vertical pipe and calculate mass transfer coefficient. 

2. Study steady state diffusion of acetone in air and calculate diffusivity. 

3. To study characteristics of tray dryer and calculate rate of drying. 

4. To study steady state molecular diffusion of acetic acid through water and determine diffusivity. 

5. To determine efficiency of rotary dryer.

6. To study characteristics of cooling tower for efficiency and relative cooling. 

7. To calculate mass transfer coefficient for absorption of CO2 into NaOH solution. 

8. To determine mass transfer coefficient for air-water system during humidification and de-humidification process.

9. To study crystallization to find yield. 

Textbooks:
1. “Mass Transfer Operations”, Treybal, R.E., 3rd  Edition, McGraw Hill, 1980.
2. “Chemical Engineering – Vol. I & II”, Coulson J. M.; Richardson, J. F., 6th  Edition, Butterworth-Heinemann, 1999.
3. “Principles of Mass Transfer and Separation Processes” Datta B. K., Prantice Hall 2007.

Reference Books 
1. “Unit Operations of Chemical Engineering”, McCabe, W. L.; Smith, J. C.; Harriett, P., 4th Edition, McGraw-Hill, 1985.
2. “Perry's Chemical Engineer's Handbook”, Perry, Robert H.; Green, Don W., 6th  Edition, McGraw-Hill, 1984.

Course Outcomes:
The student will be able to – 

1. Estimate mass transfer coefficient and diffusivity for gas-liquid and liquid-liquid system.

2. Calculate rate of drying for tray and rotary dryer.

3. Calculate yield for crystallization operation. 
4. Calculate determine mass transfer coefficient for humidification and de-humidification process.

5. Determination mass transfer coefficient for various gas-liquid contacting equipment.

CH 31103 :: PROCESS INSTRUMENTATION AND INSTRUMENTAL ANALYSIS

Credits: 02 Teaching Scheme: - Theory 2 Hrs/Week 

Course Outcomes
1. The student will be able to analyze the characteristics of an instrument.

2. The student will be able to apply basic principle behind temperature, pressure and flow  measurements devices.

3. The student will be able to draw P & I diagram for  unit operation equipments.

4. The student will be able to use instruments like  refractometer, conductivity meter, polarimeter, UV-Vis, for finding out the chemical composition of sample.

5. The student will be able to use instruments like  GC Columns and stationary phases, Gas-Liquid and Gas-Solid Chromatography for finding out the chemical composition of sample.
Unit I 




           
(5 Hrs) 

Measurement Fundamentals
A. Scope of Process Instrumentation, classification of process variables; measuring instruments & characteristics- functions of instruments; static and dynamic characteristics; calibration.

B. Analog & digital sensors.
Unit II
         



  
(6 Hrs)
 Temperature, Pressure

A.   Temperature measurement: temperature scales, thermocouples, filled system thermometers, liquid in glass thermometers, pyroelectric thermometers etc.

Pressure measurement: Mechanical pressure elements, liquid column element, elastic element, design of Bourdon Spring elements. Vacuum measurements, electronic pressure sensors. high pressure sensors like dead weight, strain gauge. 

Flow measurement: Variable area flowmeters: Rotameter, piston-type. 

Level measurement: Ball-float mechanisms: displacer type, hydrostatic type, Hydrostatic differential pressure manometers, Bulk Solids Level Systems: Pressure sensitive.

B. Continuous measurement of temperature and pressure. 
Unit III
           




(5 Hrs)
Control System and P and I Diagram
A. Symbols for PFD and P&ID, Basic control logic and loops for reactors and unit operation equipments. Instrumentation Symbols and Identification, audio-visual alarm systems, measuring instruments and safety. 

B. Control Valve Selection and Sizing; Hydraulics and Pneumatics operated valves.
Unit IV
           




(6 Hrs)
Chemical Variable Measurement I
A. Composition measurement methods and their applications in chemical  engineering.

Analytical Methods:  Principles, working and applications of pH meter, Refractometer, Conductivity meter, Polarimeter,  UV-Vis, FTIR

B. Atomic absorption Spectroscopy
Unit V
           




(6 Hrs)
Chemical Variable Measurement II
A. Theory and Practice and instrumentation of GC, GC Columns and stationary phases, Gas-Liquid and Gas-Solid Chromatography, GC-MS, HPLC – Partition and Adsorption, Ion Exchange and Size Exclusion Chromatography, HPLC-MS, Comparison of HPLC and GC.

B. Ion chromatograph
Text Books 
1. Ekmann, D. P. ,“Industrial Instrumentation ”, Fifteenth Wiley Eastern Reprint , 1st  Edition,  Wiley Eastern Ltd, 1991. 

2. Considine, D. M., “Process/Industrial Instruments and Controls Handbook”, 4th  Edition, McGraw-Hill, 1993. 

Reference Books 
1. Liptak, B. G ,“Instrument Engineers' Handbook Process Measurement and Analysis”,.4th Edition., CRC Press, 2003.

2. Harriot, P., “Process Control” ,Tata McGraw Hill Publishing Co., 1991.

.

CH 30201 :: CHEMICAL ENGINEERING MATHEMATICS (Tutorial)

Credits: 01                                                                    Teaching Scheme: - Tutorial 1 Hr/Week 
List of Contents
Solution of Numerical based on Unit I to Unit V from Chemical Engineering Mathematics course.
Text Books 
1. “Numerical Methods for Engineers”, Chapra, S.C.; Canale, R.P., 4th Edition, Tata-McGraw Hill Publications, 2002.

2. “Optimization of chemical processes”, Edger, T. F.; Himmelblau, D. M., McGraw-Hill, 2nd Edition, 2001.

3. “Transport Phenomena ", R.B. Bird, W.E. Stewart and E.W. Lightfoot, John Wiley.

Reference Books 
1. “Applied Mathematics and Modeling for Chemical Engineers”, Rice, R.G.; Do, D.D., John Wiley & Sons, 1995.

2. “Mathematical Methods in Chemical Engineering”, Jenson, V.G.; Jeffreys, G. V., 2nd Edition, Academic Press, 1997.

3. “Applied Mathematics in Chemical Engineering”, Mickley, H. S.; Shewrwood, T. S.; Reed, C. E., McGraw-Hill, 1957.

4. “An Introduction to Numerical Methods for Chemical Engineers”, Riggs, James B., 2nd Edition, Texas Tech University Press, 1994. 

5. “Advanced Engineering Mathematics”, Erwin Kreyszig, John Wiley and sons, inc.
Course Outcomes:
The student will be able to – 

1. solve  different Chemical engineering problems  by using various regression methods.

2. solve different Chemical engineering problems using numerical methods.

3. solve different elliptical and parabolic equations.

4. solve industrial problems by using linear optimization techniques.

5. Describe concept and applications of tensors.

CH 31201: MECHANICAL DESIGN OF EQUIPMENTS (Tutorial)

Credits: 01



      
       Teaching Scheme: Tutorial 1 Hr/Week
List of Contents

A TERM-WORK containing the record of the following:
Assignments (Any three of the following)

1. Problems on introduction to design

2. Problems on pressure vessel design.

3. Problems on vessel support design.

4. Problems on design of storage tanks.

5. Problems of design of mixers and reactions vessels 
Half Imperial Size Drawing Sheets (Any two of the following)
1. Design of pressure vessels. 

2. Design of skirt support.

3. Design of storage tanks

4. Design of mixer.

Text Books: 
1. V.V. Mahajani, S. B. Umarji; Joshi's Process Equipment Design; 5th Edition; Trinity Press

2. Lloyd E. Brownell, Edwin H. Young; Process Equipment Design; 1st Edition; Wiley-Interscience

Reference Books: 
1. R. K. Sinnott; Coulson and Richardson's Chemical Engineering Volume 6 - Chemical Engineering Design; 4th Edition; Pergamon Press

2. Nicholas P.; Handbook of chemical processing equipment; 1st Edition; Butterworth-Heinemann

3. Denis Moss; Pressure Vessel Design Manual; 3rd Edition; Elsevier

Course Outcomes:
The student will be able to – 

1. Learn Auto CAD or similar software for drawing 

2. Produce basic drawings and symbols used in the design

3. Solve design problems numerically

4. Generate drawings for mechanically designed pressure vessels and vessel supports 

5. Generate drawings for mechanically designed storage vessels and mixers

CH 30303 :: MECHANICAL OPERATIONS LABORATORY

Credits: 01                                                               Teaching Scheme: - Laboratory 2 Hrs/Week 

List of Practical (ANY 8)

1. Properties of solids: To determine Avg. Particle size, Specific surface of mixture and No. of particles in the mixture.

2. Screening: To determine the effectiveness of screen.

3. Sedimentation: To determine area of thickener by conducting batch sedimentation test.

4. Ball mill: To determine crushing law constant (by using Rittingers law, Bonds law and Kicks law).

5. Jaw Crusher: To determine crushing law constant (by using Rittingers law, Bonds law and Kicks law).

6. Vacuum Leaf Filter: To determine filter medium resistance and cake resistance by using vacuum leaf filter.

7. Cyclone Separator: To determine efficiency of cyclone separator.

8. Froth Flotation: To determine separation efficiency using froth flotation.

9. Fluidization: To determine minimum fluidization velocity and verify with Ergun Equation.

10. Drag Coefficient: To determine terminal settling velocity and compare with theoretical settling velocity.
Text Books: 
1. McCabe W. L. & Smith J. C.; ‘Unit Operations of Chemical Engineering’; 5th Edition, McGraw Publications.

2. Coulson J.M. & Richardson J.F ; ‘Chemical Engineering Vol. 2’; 5th  Edition, Pergamon Press, 2002. 
Reference Books:
1. Badger W. L. & Banchero J. T , ‘Introduction to Chemical Engineering’, McGraw Hill Publications, 1997.

2. Foust A.S , ‘Principles of Unit Operations’, John Wiley & Sons, 1965. 
Course outcomes: 
Students will be able to –

1. Determine constants for filtration and sedimentation process design.

2. Determine constant for power law. 

3. Explain screening operation and effectiveness of screen.

4. Explain centrifugal solid separation technique and determine efficiency of cyclone separation.

5. Describe froth floatation techniques and efficiency of process. 

6. Determine motion of particle in fluid.

CH 30305 : MASS TRANSFER OPERATIONS LABORATORY

List of Practical: 
1. Topics may include but are not restricted to (around 8 practical)

2. Study diffusion of liquid into a gas in a vertical pipe and calculate mass transfer coefficient. 

3. Study steady state diffusion of acetone in air and calculate diffusivity. 

4. To study characteristics of tray dryer and calculate rate of drying. 

5. To study steady state molecular diffusion of acetic acid through water and determine diffusivity. 

6. To determine efficiency of rotary dryer.

7. To study characteristics of cooling tower for efficiency and relative cooling. 

8. To calculate mass transfer coefficient for absorption of CO2 into NaOH solution. 

9. To determine mass transfer coefficient for air-water system during humidification and de-humidification process.

10. To study crystallization to find yield. 

Textbooks:
1. “Mass Transfer Operations”, Treybal, R.E., 3rd  Edition, McGraw Hill, 1980.
2. “Chemical Engineering – Vol. I & II”, Coulson J. M.; Richardson, J. F., 6th  Edition, Butterworth-Heinemann, 1999.
3. “Principles of Mass Transfer and Separation Processes” Datta B. K., Prantice Hall 2007.

Reference Books 
1. “Unit Operations of Chemical Engineering”, McCabe, W. L.; Smith, J. C.; Harriett, P., 4th Edition, McGraw-Hill, 1985.
2. “Perry's Chemical Engineer's Handbook”, Perry, Robert H.; Green, Don W., 6th  Edition, McGraw-Hill, 1984.

Course Outcomes:
The student will be able to – 

1. Estimate mass transfer coefficient and diffusivity for gas-liquid and liquid-liquid system.

2. Calculate rate of drying for tray and rotary dryer.

3. Calculate yield for crystallization operation. 
4. Calculate determine mass transfer coefficient for humidification and de-humidification process.

5. Determination mass transfer coefficient for various gas-liquid contacting equipment.

CH 30307 : BASICS OF COMPUTER AIDED CHEMICAL ENGINEERING LABORATORY

List of Practicals: 
Topics may include but are not restricted to (around 8 practicals)

1. Eigen values and Eigen vector computations.

2. Root Finding method – single equation

3. Numerical integration.

4. Integration of ODE – single equation.

5. Numerical differentiation.

6. Root-finding method – two non linear equations.  

7. Process calculation using MS-EXCEL.

8. Numerical interpolation

9. Data fitting and Regression Analysis.

10. Mathematical software such as Matlab /Scilab 

11. Applications of numerical methods in chemical engineering 
Text Books 
1. Chapra, S.C.; Canale, R.P., 'Numerical Methods for Engineers', 4th Edition, Tata-McGraw Hill Publications, 2003.

2. Luyben W. L., 'Process Modeling Simulation and Control for Chemical Engineers', McGraw Hill, 1988.
Reference Books 
1. Riggs, James B., 'An Introduction to Numerical Methods for Chemical Engineers', 2nd Ed., Texas Tech University Press, 1994.

2. Edger, Thomas F., Himmelblau, D M, 'Optimization of chemical processes;,  McGraw-Hill Companies, 1987.

Course Outcomes:  
The student will be able to 

1. Develop flowcharts for implementations of numerical methods

2. Write computer programs for solving simple algebraic equations

3. Write computer programs for solving ordinary differential equations

4. Implement data fitting techniques on mathematical softwares

5. obtain numerical solutions of chemical engineering problems using appropriate solvers in mathematical software packages.

Semester – I, T.Y. B.TECH.Chemical Engineering: Module-Independent Courses: 

CH 37301 :: SEMINAR

Credits: 02 
Course Outcomes

1. The student will be able to write a technical report.

2. The student will be able to present any chosen topic.

3.The student will be able to do literature survey of a given topic.

4.The student will be able to use modern audio visual techniques at the time of presentation.

5. The student will be able to convey the content of any chosen topic.

Contents:
Seminar should be based on any latest engineering topic allotted to a group of students. The topic may be defined by the guide in discussion with the group. 

Students may undertake studies in research survey, literature review and analysis, synthesis, design and development, generation of new ideas and concept, modification in the existing process/system, development of computer programs, solutions, modeling and simulation related to the subject. Topics of interdisciplinary nature may also be taken up. A detailed literature survey is expected to be carried out as a part of the work. The group of students is required to choose the topic in consultation with the Guide. 

A technical report is required to be submitted at the end of the term and a presentation made based on the same. Modern audio-visual techniques may be used at the time of presentation.
Text Books 
1. B.A. Bhanvase ,“Project Writing Manual”, Chemical Engineering Department, VIT, Pune

Reference Books: Nil

Module VI, T.Y. B.TECH. Chemical Engineering

	Subject No.

	Subject Code
	Subject Name
	 Teaching Scheme 

(Hrs/week)
	Credits

	
	
	
	Lect.
	Tutorial
	Practical
	

	S1
	CH30102
	Process Equipment Design
	3
	0
	0
	3

	S2
	CH30104
	Chemical Reaction Kinetics
	3
	0
	0
	3

	S3
	CH30106
	Chemical Technology 
	3
	0
	0
	3

	S4
	CH30108
	Separation Techniques
	3
	0
	0
	3

	S5
	CH31102
	Project Management
	2
	0
	0
	2

	T1
	CH30202
	Process Equipment Design (Tutorial)
	0
	1
	0
	1

	T2
	CH30204
	Chemical Reaction Kinetics (Tutorial)
	0
	1
	0
	1

	Lab1
	CH30304
	Chemical Reaction Kinetics Laboratory
	0
	0
	2
	1

	Lab2
	CH30308
	Separation Techniques Laboratory
	0
	0
	2
	1

	Lab3
	CH30310
	Computer Aided Design Laboratory
	0
	0
	2
	1

	Lab5 (PD)
	
	Institute Level Elective
	0
	0
	2
	1

	CVV4
	CH30402
	Comprehensive Viva Voce
	Based on courses S5,S7
	2

	Following course to be offered in Semester I only

	SM1
	CH37301
	Seminar
	0
	0
	1
	2

	MP5
	CH37401
	Mini Project
	0
	0
	2
	2

	Following course to be offered in Semester II only

	PS1
	CH37302
	Project Stage I
	0
	0
	1
	2

	
	
	Total
	12
	2
	11 (I) /

9 (II)
	26 (I) / 24 (II)


CH 30102 :: PROCESS EQUIPMENT DESIGN

Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 
Course Outcomes

1. The student will be able to design of double pipe and shell & tube heat Exchanger.

2.  The student will be able to do design and calculation of chemical evaporators. 

3. The student will be able to do hydraulic design of tray distillation column.

4. The student will be able to calculate packed bed height using cornels and onda’s method.

5. The student will be able to explain the function of auxiliary process vessels.

Unit I             (8 Hrs) 

Heat Exchangers
Introduction, process heat transfer, types of heat exchangers, codes and standards for heat exchangers, materials of construction, API scale, forced convection equation, mean metal temperature, LMTD, caloric temperatures, countercurrent & concurrent exchangers, temperature approach & cross, , counter-flow: double pipe exchangers, baffles and tie rods, tube joining methods, design of shell and tube heat exchangers as per IS: 4503 and TEMA standards i.e. shell, tube sheets, channel, channel cover, flanged joints. Condensers & reboilers. Awareness on commercial software for thermal design.
Unit II            (6 Hrs)

Evaporators & Crystallizers
Classification of vaporizing equipment, evaporators (including different types such as kettle, thermosiphon, vertical, horizontal etc.)  Chemical evaporators, natural circulation & forced circulation evaporators, the calculation of chemical evaporators, crystallizers, types of crystallizers, design considerations.
Unit III            (7 Hrs)

Tray Column Design
Design of plate column- distillation columns, design variables in distillation, design methods for binary systems, plate efficiency, approximate column sizing, plate contactors, plate hydraulic design.
Unit IV            (7 Hrs)

Packed Column Design
Choices of packing, types of packing, packed bed height (distillation and absorption), HETP, HTU, NTU, Cornell’s method, Onda’s method, column diameter, column internals, column auxiliaries.
Unit V            (7 Hrs)

Filters & Dryers
Study of various types of filters like vacuum filters, pressure filters, centrifuges and rotary drum filters, design of rotary drum filters including design of drum, shaft, bearing and drive system. Types of dryers, batch type dryers, continuous dryers.
Unit VI            (5 Hrs)

Self Study- Auxiliary Process Vessels 
Study of auxiliary process vessels such as reflux drum, knockout drum, liquid-liquid and gas-liquid separators, entrainment separators, oil water separator, Decanter, gravity separator. Safety devices used in process industries, Introduction to design and engineering software.

Text Books 
1. “Process Heat Transfer”, D. Q. Kern, Tata McGraw Hill Publications, 2009
2. “Coulson & Richardson’s Chemical Engineering, Volume-6”, R. K. Sinnott, Elsevier Butterworth Heinemann, MA, 2005.
3. “Joshi’s Process Equipment Design”, V. V. Mahajani, Fourth Edition, Macmillan Publishers India ltd, 2009.
Reference Books 
1. Walas, S. M, ‘Chemical process equipment: selection and design’, Butterworth-Heinemann, 1990.

2. Ludwig, E.E., ‘Applied Process Design for Chemical and Petrochemical Plants, Vol. 1 and 2’, 3rd Ed., Gulf Publishing Co., 1997.

CH 30104 :: CHEMICAL REACTION KINETICS

Credits: 03





 Teaching Scheme: - Theory 3 Hrs/Week 

Unit 1: Kinetics of homogeneous reactions
(8 Hrs)

A. Irreversible and reversible reactions, Equilibrium; Order and molecularity of reaction. Elementary and non elementary reactions; Stoichiometry, Fractional conversion. Rate of reaction based on all components of the reaction and their interrelation. Law of mass action, Rate Constant-Based on thermodynamic activity, partial pressure, mole fraction and concentration of the reaction components and their interrelation, 

B. Temperature dependency of rate Constant - Arrhenious law, Transition state theory and collision theory. Temperature and conversion profiles for exothermic and endothermic reactions, Stable operating condition in reactors
Unit 2: Interpretation of batch reactor data




(8 Hrs)

 A. Batch reactor concept, Constant volume Batch reactor system; Design equation for zero, first, Second irreversible and reversible reactions, graphical interpretation of these equations and their limitations, Variable volume Batch reactors. Design equation for first and second order irreversible and reversible reactions, Graphical interpretation of their limitations, Multiple reactions-stoichiometry and Rate equations for series and parallel reactions

B. Multiple reactions-stoichiometry and Rate equations for series and parallel reactions; Non elementary single reactions Development of rate expression; Chain reactions development of rate expressions
Unit III: Ideal flow reactors
(8 Hrs)
A. Concept of ideality, Types of flow reactors and their differences, Space-time and Space velocity, Design equation for plug flow reactor and CSTR; Design equations for first and second order reversible and irreversible constant volume and variable volume reactor

B. Graphical interpretation of these equations; Mean holding time; Development of rate expression for mean holding time for a plug flow reactor.
Unit IV: Single and multiple reactor system
(8 Hrs)

A. Size comparison of single reactors; Optimum size determination; Staging of reactors, Reactors in series and parallel; Performance of infinite number of back mix reactors in series, Back mix and plug flow reactors of different sizes in series and their optimum way of staging; Recycle reactors, Optimum recycle ratio for auto-catalytic (recycle) reactors Yield and selectivity, Parallel reactions Requirements for high yield, best operating condition for mixed and plug flow reactors, Series reactions

B.  Multiple reactions in CSTR and PFR reactors. Maximization of desired product rate in a plug flow reactor and back mixed reactor, product distribution in multiple reactions.
Unit V: Temperature and Pressure Effects




  (7+1 Hrs)
A. Equilibrium Conversion, Optimum temperature progression, Adiabatic and non adiabatic operations, Temperature and conversion profiles for exothermic and endothermic reactions,
B Solving problems based on POLYMATHS, ODE, Interpretation of Batch Reactor data, Series and Parallel Reactions, Sizing of Reactor finding  Optimum temperature progression.

Text Books 
1. Levenspeil, O., ‘Chemical Reaction Engineering’, 3rd. edition, John Wiley & Sons, 2001.
2. Fogler, H. S., ‘Elements of Chemical Reaction Engineering’, 3rd Ed., PHI, 2002. 
Reference Books 
1. Walas, S. M., ‘Reaction Kinetics for Chemical Engineers’, McGraw Hill, 1959.

2. Smith, J.M., ‘Chemical Engineering Kinetics’, 3rd ed., McGraw Hill, 1987.

 Course outcomes
Student will be able to-

1. Develop rate expressions from elementary and non elemenary step mechanisms using steady-state and quasi-equilibrium approximations.

2. Determine rate expressions by analyzing reactor data including integral and differential analysis on constant- and variable-volume systems

3. Design ideal reactors i.e. plug flow and CSTR for first and second order reversible and irreversible constant volume and variable volume reactor.

4. Select and size isothermal reactors for series and/or parallel systems of reactions.

5. Determine temperature and pressure effects and their influence on product distribution, yield and selectivity.Quantitatively predict the performance of common chemical reactors in various combinations and be able to construct temperature and conversion chart for exothermic and endothermic reactions.

CH 30106 :: CHEMICAL TECHNOLOGY
Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 

Course Outcomes :
The student will be able to – 

1. Understand process fundamentals of chemical technology in process industries.

2. Apply knowledge of chemical technology in unit operations and unit processes happening in chemical industry.

3. Draw process flow sheets for production of specific chemical product.

4. Comprehend reaction temperature, pressure condition and heat network in process flowsheet.

5.  Analyse different process for same product based on economics, effluent treatment, social aspects.
Unit I            (8 Hrs)

Basic Concepts

A. Theory of Unit operations and industrial equipment and systems used in large scale plants;  Unit processes, Development of flow diagram, schematic representation and application for unit operations and unit processes.

B. Study the selection and process specific applications knowing available industrial equipment and plant accessories
Unit II            (8 Hrs)

Chlor-Alkali Industry

A. Chlor-alkali chart and importance of chlor-alkali industry, manufacturing processes process economics, and plants in India and a few examples of latest technology used in other nations; Manufacturing of soda ash, caustic soda, chlorine and engineering problems.
B. Membrane cell, mercury cell diaphragm cell processes and electrolytic cell processes and flowsheets
Unit III            (8 Hrs)

Nitrogen industry

A. Role of nitrogen in fertilizers, manufacturing of ammonia, nitric acid, urea, the above study must involves different routes adopted, limitations, advantages and disadvantages of the process; steam-reforming process technology.
B. Coal gasification technologies (Fixed bed (Lurgi Process) 
Fluidised bed (Winkler Process)
Unit IV            (8 Hrs)

Sulfur and Sugar Industry

A. Importance, manufacturing of sulfur by Frasch process, technology for the manufacturing of sulfuric acid.

Sugar Industry: Manufacture of sugar and engineering problems associated, Dextrin and starch derivatives.
B. detailed study and comparison between chamber and DCDA processes; process economics.
Unit V            (8 Hrs)

Phosphorus and Paper Pulp Industry

A. Importance, manufacturing of super phosphate, triple super phosphate, phosphoric acid, electro thermal processes and NPK fertilizers, production of pulp, engineering problems involved, paper manufacturing from pulp, and comparison of methods of manufacturing.
B. Flow sheet and process for manufacture of sulfuric acid and ’phosphate rock’
Textbooks:
1. ‘Dryden Outline of Chemical. Technology’, Rao, M. Gopala, , 3rd Edition, East West Publishers, 1997. 

2. ‘Shreve's Chemical Process Industries’, Austin, George T.,  5th  Edition, McGraw-Hill, 1984.
Reference Books:
A. ‘Chemical Process Design and Integration’, Smith, R., 3rd Edition, Wiley, 2005. 

B. ‘Unit Processes in Organic Synthesis’, Groggins, P.H., 3rd Edition,  McGraw-Hill Book Co., 1958.

CH 30108 :: SEPARATION TECHNIQUES

Credits: 03 





Teaching Scheme: - Theory 3 Hrs/Week  

Unit I










(8+1 Hrs)                                                                                                                               

Distillation -I                                                                                                                       
A. Vapour – liquid equilibria for ideal and non-ideal systems, relative volatility,   methods of distillation - differential, flash, low pressure, batch rectification. Continuous rectification for binary system, multistage (tray) towers, Lewis Sorrel, McCabe Thiele, and tray efficiencies, concept of reflux, Fenske’s equation, Fenske-Underwood equation, use of open steam. Partial and total Condensers, reboilers. 
B. Packed towers for distillation, NTU, HTU, HETP concept and calculations, distillation column internals. 
Unit II            









(8 Hrs)

Distillation-II                                                                                                                       

Ponchon Savarit method for multistage operations, tray efficiencies, concept of multi component distillation. Numerical problems on  multi component distillation, steam distillation, positive and negative deviations from ideality, Non ideal distillation-extractive and azeotropic distillation.

Numerical problems based on multi component distillation and Ponchon Savarit method.
Unit III









(8 Hrs)

Liquid – Liquid Extraction 
A: Ternary liquid equilibria, single stage extraction, multistage crosscurrent, countercurrent and cocurrent extraction, calculations based on triangular diagrams, x – y co – ordinates and solvent free basis. Continuous countercurrent extraction with reflux, total reflux, stage efficiency

B., Continuous contact extraction in packed towers, HTU and NTU concept
B: Types of extractors – stage type and differential type
Unit IV









(8 Hrs)

Solid – Liquid Extraction (Leaching)
A. continuous counter current leaching, ideal stage equilibrium, operating time, constant and variable underflow, number of ideal stages, stage efficiencies. Problem based on Calculation of single stage and multistage leaching processes.
B: Leaching equipments, 
Unit V










(8 Hrs)

Adsorption and Ion Exchange 

A: Adsorption – Basic Principle and Equilibria in adsorption. Single gases and vapors – Adsorption of liquids. Types of adsorption – Physical and Chemical Adsorption Isotherms- Langmuir and Freundlich. Introduction to pressure Swing Adsorption (PSA), and Temperature Swing Adsorption (TSA). Ion Exchange- Principles of Ion Exchange Equilibria and rate of ion exchange
B. Equipments: Continuous Contact steady state –moving bed adsorber. Techniques and applications, equipments.
Textbooks
1. R. E. Treybal; Mass Transfer Operations; Third edition, McGraw Hill, 1980.

2. J. M. Coulson, J. F. Richardson; Chemical Engineering – Vol. I & II, Sixth edition,  Butterworth-Heinemann, 1999

3. D. D. Holland; Multi component distillation; Prantic Hall India.

4. A.S. Foust, L.A.Wenzel; Principles of Unit Operations, John Wiley &sons
Reference Books 
1. W. L. McCabe, J. C. Smith, P. Harriett; Unit Operations of Chemical Engineering,  Fourth edition, McGraw-Hill, 1985.

2. R. H. Perry, D. W. Green; Perry's Chemical Engineer's Handbook, Sixth Edition, McGraw-Hill, 1984.
Course Outcomes:
The student will be able to – 

1. apply principles of mass transfer to separation and purification processes and select appropriate separation technique (like distillation, extraction and adsorption) and equipment for a given problem of separation
2. generate VLE data and carry out process design of distillation columns
3. analyze implications of factors affecting distillation column operation and design like the effect of reflux ratio, feed conditions etc. and also the implications of non-ideal phase behavior (e.g., azeotropes)

4. select suitable solvent for liquid-liquid extraction based on properties like selectivity, distribution coefficient etc. and design liquid-liquid extraction column 
5. carry out process design of mass transfer equipments for solid-liquid extraction and adsorption
CH 31102 :: PROJECT MANAGEMENT

Credits: 02





Teaching Scheme: - Theory 2 Hrs/Week  
Unit I 





(5 Hrs) 

Overview of Project Management, Concepts and Techniques
A.  Introduction to types of management, management suitable for projects, Introduction to Project management, Project management Process and role of Project Manager Characteristics of projects, Definition and objectives of Project Management, Stages of Project Management, Project Planning Process, Establishing Project organization, Project screening and Selection Techniques.

B.  Risk Analysis and Management
Unit II





(5 Hrs)

Project Cost estimating, Planning and Scheduling
A  Types of Estimates and Estimating Methods, Project Budgeting, Introduction to project planning, Dynamic Project Planning and Scheduling, Building the work breakdown schedule, Estimation of task and project duration, Project Scheduling with Resource Constraints, Project scheduling and Planning Tools: Work Breakdown structure, CPM/PERT Networks

B.  LRC, Gantt charts
Unit III





(5  Hrs)

Project Monitoring, Evaluation and Control
A. Establishing a progress reporting system, Managing and controlling risk, Monitoring Techniques and time control System, Monitoring indicators, evaluation indicators, Project monitoring and evaluation plan, Project evaluation approaches, Project Cost Control and Time Cost Tradeoff

B.  Project Changes: Tolerances and Issue Escalation, 
Unit IV





(5 Hrs)

Project Procurement and Materials Management in Projects
A.  Project Procurement and Materials Management, planning and logistics systems, ensuring the correct quality and quantity of materials, timely delivery of equipment to be installed, subcontracted resources obtained at a reasonable cost, all available on-time and under budget, tool utilization, materials control programs, purchase orders and subcontracts, expenditures - product-by-product and vendor-by-vendor, consistency throughout the entire logistics

B.  Procurement of global projects
Unit V





(6 Hrs)

Management of Special Projects
A. Management of Software engineering, international projects , R&D/Hi-Tech /Mega Projects

B. Case studies 
Text Books 
1. “Project Management”, K. Nagarrajan, New Age International (P) Ltd .

2. “Project Management A systems approach to planning, scheduling, and controlling” Harold Kerzner. CBS Publisher.

3. “Chemical Project Economics” Mahajani V V. Mokashi S. M., Macmillan.
Reference Books 
1. “Project Management Handbook”, Lock, Gower.
2. “Management guide to PERT/CPM”, Wiest and Levy, PHI.

3. “Project Management: Systems approach to Planning Scheduling and Controlling”, H. Kerzner.

4. “Project Scheduling and Monitoring in Practice”, S. Choudhury, SAP.

5. “Total Project Management: The Indian Context”, P. K. Joy, Macmillan India Ltd.
Course Outcomes:
The student will be able to – 

1. obtain an understanding of management, project management and its principles  in a                                                                                         contemporary project environment.

2. Understand functions of project manager, project life cycle and project portfolio management.

3. Select project from options, estimate cost, time and do the planning and scheduling activity.

4. Will able to monitor and evaluate the project progress and cost time relationship and estimates, and manage procurement.
5. To understand problems in International, R&D, software engineering, hi-tech. mega projects and training required. 
CH 30202 :: PROCESS EQUIPMENT DESIGN (TUTORIAL)

Credits: 01 Teaching Scheme: - Tutorial 1 Hr/Week
Course Outcomes

1. The students will be able to solve problems on  various types of equipments like heat exchangers, plate and packed towers,.

2. The students will be able to draw the design of heat exchanger equipment on the drawing  sheets.

3. The student will be able to do design and calculation of chemical evaporators. 

4. The student will be able to calculate packed bed height using cornels and onda’s method.

5. The students will be able to solve problems on  various types of equipments like  filtrations equipments and auxiliary equipments, etc..

List of Contents

A TERM-WORK containing the record of the following:

Assignments (Any three of the following)
1. Problems on calculation of heat exchangers

2. Problems on design of evaporators.

3. Problems on tray column design.

4. Problems on design of packed columns.
Half Imperial Size Drawing Sheets (Any two of the following)
1. Design of heat exchangers. 

2. Design of tray tower.

3. Design of packed tower.

4. Design of auxiliary vessels.
Text Books 
1. “Process Heat Transfer”, D. Q. Kern, Tata McGraw Hill Publications, 2009

2. “Coulson & Richardson’s Chemical Engineering, Volume-6”, R. K. Sinnott, Elsevier Butterworth Heinemann, MA, 2005.

3. “Joshi’s Process Equipment Design”, V. V. Mahajani, Fourth Edition, Macmillan Publishers India ltd, 2009.
Reference Books 
1. ‘Chemical process equipment: selection and design’,Walas, S. M., Butterworth-Heinemann, 1990.

2. ‘Applied Process Design for Chemical and Petrochemical Plants, Vol. 1 and 2’, Ludwig, E.E., 3rd Ed., Gulf Publishing Co., 1997.

CH 30204 :: CHEMICAL REACTION KINETICS (Tutorial)

Credits: 01 





Teaching Scheme: - Tutorial 1 Hr/Week 

Contents

A TERM-WORK containing the record of the following-

Assignments-
1. Preparation of reaction mechanism for the non elementary reaction 

2. Preparation of reaction mechanism for the biochemical reaction derive Michelis Menton kinetics mechanism
3. Find the overall order of the irreversible reaction using half life period data 
4. Two problems based on best arrangement of in set of series reactors

5.  Problems based on temperature effect on conversion for irreversible and  reversible reactions
Polymaths program 
1. Solving problem based on series of reaction, considering differential     equation Concentration Profile of a Series Reaction
2. Polymath Semi batch production distribution profile
Text Books 
1. Levenspeil,  , O., ‘Chemical Reaction Engineering’, 3rd. edition, John Wiley & Sons, 2001.
2. Fogler, H. S., ‘Elements of Chemical Reaction Engineering’, 3rd Ed., PHI, 2002. 
Reference Books 
1. Walas, S. M., ‘Reaction Kinetics for Chemical Engineers’, McGraw Hill, 1959.

2. Smith, J.M., ‘Chemical Engineering Kinetics’, 3rd ed., McGraw Hill, 1987.

Course outcomes

Student will be able to-

1. Develop rate expressions from elementary and non elemenary step mechanisms using steady-state and quasi-equilibrium approximations.

2. Determine rate expressions by analyzing reactor data including integral and differential analysis on constant- and variable-volume systems

3. Design ideal reactors i.e. plug flow and CSTR for first and second order reversible and irreversible constant volume and variable volume reactor.

4. Select and size isothermal reactors for series and/or parallel systems of reactions.

5. Quantitatively predict the performance of common chemical reactors in various combinations and be able to construct temperature and conversion charts for exothermic and endothermic reactions
CH 30304 :: CHEMICAL REACTION KINETICS LABORATORY

Credits: 01 




Teaching Scheme: - Laboratory 2 Hrs/Week 

List of Practical

1. To calculate value of rate constant ‘k’ for the saponificaton of ethyl acetate with NaOH in batch reactor – I (Where M=1)

2. To calculate value of rate constant ‘k’ for the saponificaton of ethyl acetate with NaOH in batch reactor – II (Where M=2)

3. To calculate value of rate constant ‘k’ for the saponificaton of ethyl acetate with NaOH in straight tube, coli Bent Tube reactor and CSTR and PFR

4. To calculate value of rate constant ‘k’ for the saponificaton of ethyl acetate with NaOH in mixed flow reactor.

5. To calculate value of rate constant ‘k’ for the saponificaton of ethyl acetate with NaOH in mixed flow reactors in series.

6. Verification of Arrhenius law.

7. Autoclave reactor: Reaction CO2 Carbonization in the reactor 

8. Residence time Distribution in PFR and CSTR, Finding Dispersion Number

9. Semi batch Reactor Addition of NaOH in Ethyl acetate, Utilization of POLYMATHS for finding Behavior of products with respective of time 

10. Finding τ optimum using polymaths for parallel Reactions 

11. Finding conversion and rate of polymerization reactions using gravimetric method

12. Study dissolution kinetics in batch reactors
Text Books 

1. Levenspeil,  , O., ‘Chemical Reaction Engineering’, 3rd. edition, John Wiley & Sons, 2001.
2. Fogler, H. S., ‘Elements of Chemical Reaction Engineering’, 3rd Ed., PHI, 2002. 
Reference Books 
A. Walas, S. M., ‘Reaction Kinetics for Chemical Engineers’, McGraw Hill, 1959.

B. Smith, J.M., ‘Chemical Engineering Kinetics’, 3rd ed., McGraw Hill, 1987.

Course outcomes
Student will be able to-

1.  Generate kinetic data for homogeneous reactions.

2. Calculate activation energies of   homogeneous reactions.

3. Compare the performance of mixed flow, plug flow and batch reactors and their combination in series and parallel.

4. Generate dissolution kinetics data for reactions in batch reactor

5. Compare homogeneous and heterogeneous reaction’s kinetics. 
CH 30308 :: SEPARATION TECHNIQUES LABORATORY

Credits: 01 




Teaching Scheme: - Laboratory  2 Hrs/Week 

List of Practicals

1. Simple Distillation

2. Total Reflux

3. Steam Distillation
4. Equilibrium Diagram for Liquid – Liquid Extraction
5. Characterization of Spray Extraction Column

6. Batch Adsorption

7. Batch/ Continuous Leaching

8. Continuous Adsorption and Ion Exchange

9. Two assignments based on multi component distillation using ASPEN software.

Text Books 
1. R. E. Treybal; Mass Transfer Operations; Third edition, McGraw Hill, 1980.

2. J. M. Coulson, J. F. Richardson; Chemical Engineering – Vol. I & II, sixth edition,  Butterworth-Heinemann, 1999

3. Separation Techniques, Departmental manual.
Reference Books 
1. W. L. McCabe, J. C. Smith, P. Harriett; Unit Operations of Chemical Engineering,  Fourth edition, McGraw-Hill, 1985.

2. R. H. Perry, D. W. Green; Perry's Chemical Engineer's Handbook, Sixth Edition, McGraw-Hill, 1984.
Course Outcomes:
The student will be able to – 

1. apply mass transfer fundamentals to various separation devices in practical situations
2. select appropriate separation technique for a given problem of separation

3. generate VLE data for binary systems which can be used as an input to design of distillation columns
4. analyze and interpret the experimental data for separation experiments based on distillation, extraction, leaching and adsorption

5. analyze the factors affecting performance of various separation devices appropriate for distillation, extraction, leaching and adsorption
CH 30310 :: COMPUTER AIDED DESIGN LABORATORY

Credits: 01 Teaching Scheme: - Laboratory  2 Hrs/Week 
Course Outcomes
1. The student will be able to draw piping symbols, valves  using AUTOCAD software.

2. The student will be able to draw a part of P&ID diagram for chemical Engineering plant.

3. The student will be able to draw mechanical operation equipment like filters, separators. 

4. The student will be able to sketch dimensional drawings of centrifugal pumps, gear pump, reciprocating pump, etc
5. The student will be able to sketch  dimensional drawings of gate valve, stop valve, junction stop valve, non- return valve, feed check valve, plug valve, etc

List of Practicals
Required to perform minimum 5 to 6 practical from the list given below:
1. Essentials of drawing 

2. Equipment and piping symbols- important equipment symbols, piping symbols and pipe joints

3. Dimensional drawings of some fittings like socket, spigot cotter joint, knuckle joint, coupling joints, flanged couplings, etc

4. Dimensional drawings of some pipe fittings such as pipe joints, union joints, gland and stuffing box, expansion joint. 

5. Dimensional drawings of some valves – gate valve, stop valve, junction stop valve, non- return valve, feed check valve, plug valve, etc

6. Dimensional drawings of some pumps- centrifugal pumps, gear pump, reciprocating pump, etc

7. Drawings of mechanical operation equipment- such as filters, separators, etc 

8. Drawings of process instrumentation and control symbols& equipment

Text Books 
1. Suresh C. Maidargi ,“Chemical Process Equipment- Design and Drawing- Volume-1”, PHI, 2012

2. Mahajani, V.V ,‘Joshi’s Process Equipment Design’, 4th Edition, Macmillan India, 2009.
Reference Books 
1. Walas, S. M., ‘Chemical process equipment: selection and design’, Butterworth -Heinemann, 1990.
2. Ludwig, E.E.,‘Applied Process Design for Chemical and Petrochemical Plants, Vol. 1 and 2’, 3rd Ed., Gulf Publishing Co., 1997.
Semester – II, T.Y. B.TECH.Chemical Engineering: Module-Independent Courses: 

CH 37302 :: PROJECT – I

Credits: 02 




          Teaching Scheme: - Laboratory  2 Hrs/Week 

Contents:
This stage will include a report consisting of synopsis, the plan for experimental/theoretical work and the summary of the literature survey carried out till this stage.

Students may undertake studies in application chemical engineering knowledge for manufacturing project, synthesis, design and development, experimental work, testing on the product or system, generation of new ideas and concept, modification in the existing process/system, development of computer programs, solutions, modeling and simulation related to the subject. Topics of interdisciplinary nature may also be taken up. A detailed literature survey is expected to be carried out as a part of this work. The group of students is required to choose the topic in consultation with the Guide. 

A technical report of 15 pages is required to be submitted at the end of the term and a presentation made based on the same. Modern audio-visual techniques may be used at the time of presentation.
Text Books 
(A) “Project Writing Manual” B.A. Bhanvase, Chemical Engineering Department, VIT, Pune
Reference Books: Nil

Course Outcomes:
The student will be able to – 

1. apply Chemical Engineering knowledge.

2. learn How to Work in Team.

3. define a task (problem) and execute it.

4. carry out literature search related to topic.

5. write synopsis and complete literature search related to topic.

Professional Development Courses
	Subject Code
	Subject Name

	CH33301
	Computing in MS Excel

	CH33302
	Pipe Stress Analysis Using CAESAR-II

	CH33303
	Process Simulation

	CH33304
	Water Treatment

	CH33305
	Introduction to Chemical Engineering Computing

	CH33306
	Heat Exchanger Simulation Using HTRI

	CH33307
	Analytical Techniques

	CH33308
	Process Operability And Control Using Aspen Plus Dynamics Models

	CH33309
	Scilab

	CH33310
	Laboratory Techniques in Chemistry

	CH33311
	Fire Protection


CH 33301 :: COMPUTING IN MS EXCEL

Credits: 01                                                                Teaching Scheme: - Laboratory  2 Hrs/Week 

List of Practical (any 8)

1. Introduction to Ms Excel & basic commands.

2. Introduction to higher level commands.

3. Preparation of flow sheet & plotting of graphs.

4. To study material balance problems with excel.

5. To study energy balance problems with excel.

6. Import & Export of data.

7. Solving Heat transfer problem with excel 

8. Solving Process Calculation problem with excel 

9. Different operation on Matrix with excel 

10. Solving different numerical methods.

11. To study preparation of mass balance. 

12. Interfacing of excel with Mat lab.

Text Books 

1. “Stoichiometry”, Bhatt B. I. and Vora S. M, Tata McGraw Hill Publications4th Edition, 2004.

2. “Unit operations in Chemical Engineering”, McCabe W.L. and Smith J. C,McGrawHill, 5th edition.

Reference Books 

1. “Basic Principles & Calculations in Chemical Engineering”, Himmelblau D. M., Tata McGraw Hill Publications, 7th Edition, 2004.

2. “Heat Tranfer”, Holman J. P, McGraw Hill, 7th edition, 1993.

Course Outcomes:
The student will be able to – 

1. solve various problems with the use of a spreadsheet for technical computations 

2. to use the numerical routines provided in MS Excel to carry out computational tasks..

3. solve different Chemical engineering problems with numerical methods.

4. calculate mass balance around single equipment.

5.link data between different spreadsheet.

CH 33302: PIPE STRESS ANALYSIS USING CAESAR-II

Credits: 01



   
    Teaching Scheme: Laboratory 2 Hrs/Week
List of Practical
Around Two Practical per unit on the topic mentioned below:

1. Given a line sketch isometric - Input pipe run data into CAESAR-II

2. Select pipe supports as given and Entering vendor data into CAESAR-II and learn stress calculation; changes for various nations.

3. Static pipe stress analysis. Use XYZ coordinates and pipe connection basics as given data and re-do layout and stress analysis simulation. Learn to save costs.

4. Static pipe stress analysis. Solve Tutorial. Linear dynamic analysis. Given pipe network flow simulation data and design constraints that cavitation can occur under certain constraints add static and linear dynamic stress analysis to clear the design to lie much below the maximum allowable stress.

5. Linear dynamic analysis. A Tutorial. Changes in pressure and temperature rating for header (main) and branch pipes modular design (simulation results) and safe piping system design.

6. Pipe network simulation and safety rules as per codes. Re-design piping system to include static and linear dynamic stress analysis. Piping class components and static and linear dynamic stress analysis.

7. Preparation of specification sheets as per ASME Codes and industry job skill

8. Specifications.
Text Books: 
1. G. A. Antaki; Piping and Pipeline Engineering: Design, Construction, Maintenance, Integrity, and Repair; 1st Edition; CRC Press

2. John McCketta; Piping Design Handbook; 1st edition; CRC Press

Reference Books: 
1. Mohinder Nayyar; Piping Data Handbook; 1st edition; McGraw-Hill Professional

Course Outcomes:
The student will be able to – 

1. Do basic calculations of pipe stress analysis

2. Do inputting in to CAESAR-II software

3. Analyze for stress analysis of critical lines on CAESAR-II or similar software

4. Analyze for code stresses and verify whether it is passed 

5. Generate various drawings and reports in CAESAR-II

CH 33303 :: PROCESS SIMULATION

Credits: 01                                                                                         Teaching Scheme: - Laboratory  2 Hrs/Week
Course Outcomes
1. The student will be able to do simulate a unit operation and unit process using ASPEN PLUS and gproms.

2. The student will be able to use various methods in  ASPEN to carry out mass and heat transfer balances.

3. The student will be able to use ASPEN PLUS soft ware tool for simulating the plant design of Oil 
a. Refineries, Petroleum Industry and any chemical Plant.

4. The student will be able to use ASPEN for special applications like process intensification, design of equilibrium stages.

5. The student will be simulate design projects like process optimization of a chemical plant.

List of Practical
Minimum 6 practicals based on the topics given below:

1. Scope for process simulation and introduction to ASPEN and gProms. 

2. Design and rating problems in chemical reactor theory and separation process principles.

3. Material and energy balance for a chemical plant; various methods to carry out mass and heat balances.

4. Special applications – process intensification; heat integration for distillation column; design of equilibrium stages.

5. Design projects:

a. Energy audit of a reactor-separator sequence and associated utilities.

b. Process optimization of a chemical plant.

6. Industrial applications-

A. Preparing initial quotation

B. Thermal rating of heat exchangers.

C. Energy balance of a furnace.

D. Design of a catalytic reactor (assembly).
Text Books 
1. Houghen, O.A.; K.M. Watson and R.A. Ragatz, ‘Chemical process principles, part-1, Material and energy balances (2nd Edition); Reprint 2001.

2. Coulson and Richardson’s, ‘Chemical Engineering’, volume–2, 1st edition, 2002, Butterworth-Heinemann
Reference Books 
1. V. V. Veverka, ‘Material and energy balancing in the chemical industry’, , 1 edition,1997, Elsevier Science. 

2. Ernest j. Henley;J. D. Seader, ‘Equilibrium-Stage Separation Operations in Chemical   Engineering’, Wiley ,1981.

a. Seader Warren D.; Seader J. D. and Lewin Danial R; ‘Product and Process Design Principles: Synthesis, Analysis, and Evaluation’, , 2nd edition, 2003, Wiley.  

CH 33304 :: WATER TREATMENT (LABORATORY-PD)

Credits: 01



Teaching Scheme: Laboratory- 02 Hours / Week
List of Practicals: 

1. Waste water sample preparation for testing (2 Experiments each)

2. Study physical properties of waste water (2 Experiments each)

3. Study of chemical properties of waste water (3 Experiments each)

4. Study of biological properties of waste water (2 Experiments each)

5. Study of advance treatment methods for waste water (1 Experiments each)

6. Water and waste water treatment plants industrial visit. 

Text Books: (As per IEEE format)
1. S. P. Mahajan; Industrial waste water treatment; 

2. G. Tchobanolous; F. L. Burton; Waster water Engineering; 3rd Edition, Metcalf &  Eddy Inc; Tata McGraw-Hill Publishing Company Ltd.

Reference Books: (As per IEEE format)
1. G. H. Jeffery J. Bassett J. Mendham R C. Denney; Textbook of Quantitative Chemical Analysis; 5th Edition., Longman Scientific & Technical Copublished in The United States with John Wiley & Sons, Inc., New York.

2. “Water Treatment Unit Processes: Physical and Chemical (Civil and Environmental Engineering)” by David W. Hendricks.
Course Outcomes:
The student will be able to – 

1. Collect and prepare the water and waste water samples for analysis.

2. Perform the analysis of waste water sample to identify the level of contaminants.

3. Carry out the experimentation for analysis of physical and chemical properties of water samples

4. Carry out the advanced waste water treatment experiments for water treatment.

5. Design and create process flow chart for waste water treatment stage wise by details analysis of waste water analysis.   

CH 33305 :: INTRODUCTION TO CHEMICAL ENGINEERING COMPUTING

	Credits: 01
	Teaching Scheme: - Laboratory  2 Hrs/Week 


	Prerequisites: Nil

	Objectives: 
1. To use various software to solve problems in chemical engineering.

2. To learn the details of applications problems and how any technical report can be prepared.

3. Mapping with PEOs : 4,5 (c, d, e, g)


List of Practical
Around Two Practical per unit on the topic mentioned below:

1. ASPEN CAPE Technology (Use COCO.Exe).

2. ASPEN Dynamics; prepare templates for design of control system as per P&ID of process plant.

3. ASPEN Adsim. Industrial adsorption system design.

4. ASPEN Utility. Steam, electricity, and process air supply (lube oil system).

5. ASPEN Icarus. Basic design of a small plant. BFD, PFD, P&ID and battery limit costing.

6. ASPEN ZyCAD. Integating plant design, Interact with HTRI for heat exchangers send file to SmartPlant P&ID to prepare drawing.

7.  ASPEN Water. Basic design of wastewater treatment plant.

8. ASPEN Energy Analyzer. Pinch point design, composite curves and grid diagram.

9. ASPEN Custom Modeler. Learning basics to create an application. Solve Tutorial.

10. ASPEN HYSYS. Multi-stage compressor simulation.

	Text Books 
1. “Principles of Chemical Equilibrium”, Kenneth Denbigh

2. “Chemical Process Principles and Product Design” by Robin Smith

3. “Crystallization Technology Handbook”, A Mersmann

4. “Chemical Process Control: An Introduction to Theory and Practice” by G. Stephanopoulos.

5. “Process Dynamics and Control” by Dale E. Seborg, Duncan A. Mellichamp, Thomas F. Edgar and Francis J. Doyle III

	Reference Books 
1. ASPEN Manuals

2. Coulson & Richardson's Chemical Engineering, vol 6.

3. Web information on Loop Book on Steam Engineering

4. “Water Treatment Unit Processes: Physical and Chemical (Civil and Environmental Engineering)” by David W. Hendricks


Course Outcomes:
The student will be able to – 

1. To learn basic applications of Aspen modules, e.g. steady states, property calculations.

2. To learn how to derive basic flow sheet models and pre-optimize process system to form initial input to data entry forms. 

3. To learn to various tools of Aspen e.g. calculator, FORTRAN sections, perform sensitivity analysis and improve designs.

4. To be able to perform dynamic analysis using Aspen Dynamics and control system design.

5. To be able to create a project with specific modules and prepare a basic engineering package.

CH 33306 :: HEAT EXCHANGER SIMULATION USING HTRI

	Credits: 01
	Teaching Scheme: - Laboratory  2 Hrs/Week 


	Prerequisites: Nil

	Objectives: 
1. To use HTRI software to design heat exchangers.

2. To learn to use TEMA codes for design of heat exchangers.

3. Mapping with PEOs : 4,5 (c, d, e, g)


List of Practical
Around Two Practical per unit on the topic mentioned below:

1. Fundamentals of heat transfer, conduction, convection and radiation. Types of heat exchanger and design Philosophy.

2. TEMA codes and applications in heat exchanger design, various types of industrial specification for design; correlation equation used in heat exchanger design.

3. Shell and tube heat Exchanger; double pipe heat  exchanger;  exchanger internals and design of  heat exchangers; engineering drawings used in industrial practice.

4. Condenser, types of condenser and design; use of TEMA codes.

5. Evaporators, multi- effect evaporator; use of design; specifications used in design.

6. Air cooled heat exchanger; industrial applications and design; chiller design.   
	Text Books 
1. “Process heat transfer”  by D.Q.kern. 

	Reference Books 
1. Coulson & Richardson's Chemical Engineering, vol 6.

2. Coulson & Richardson's Chemical Engineering, vol 2.


Course Outcomes:
The student will be able to – 

1. To learn basic concept of heat exchanger design.

2. To learn how to select TEMA construction codes based on design and selection factors.

3. To learn to select exchanger internals for a design problem.

4. To be able to select property data from various standard resources.

5. To learn about TEMA vibration test for clearing heat exchanger design.

CH 33307 :: ANALYTICAL TECHNIQUES

	Credits: 01
	Teaching Scheme: - Laboratory  2 Hrs/Week 


List of Practicals
Minimum 6 practicals out of the following :

1)  Preparation of a spreadsheet using sample data and Statistical tools.

2) Determination of unknown concentration from the given solution using UV-Vis    

    Spectroscopy

3)  Separation of one component sample using HPLC

4)  Separation of multi component sample using HPLC

5)  Separation of one component sample using GC

6)  Separation of multi component sample using GC

7)  Separation of a sample using Ion Chromatography

8)  Volumetric exercise using PH metry.

9)  Volumetric exercise using Conductometry.

10) Determination of structural features using refractometry.
	Text Books 
3. Quantitative Chemical Analysis 6th Edn., D. Harris, Freeman, 2002.

4. Analytical Instrumentation : A Guide to laboratory, Portable and Miniaturized Instruments, Gillian Mc Mohan, John Wiley & Sons Ltd., 2008.


	Reference Books 
3. Analytical Chemistry: A Modern Approach to Analytical Science, 2nd ed., R. Kellner, et al., John Wiley & Sons, 2004

4. Analytical Chemistry, R. Kellner, M. Otto and M. Widmer, ed., John Wiley & Sons, 1998


Course outcomes :

Students will be able to – 

6. Identify the technique to be employed for the characterization of a given sample 

7. Develop suitable extraction technique for sample preparation

8. Calculate unknown concentration of the target analyte selectively in a given sample

9. Test the samples for the qualitative and quantitative analysis of the analytes

10. Develop methods for the separation and quantification of samples using chromatography

CH 33308 :: PROCESS OPERABILITY AND CONTROL USING ASPEN PLUS DYNAMICS MODELS

Credits: 01




Teaching Scheme: - Laboratory  2 Hrs/Week 
Course Outcomes:
Students will be able to-

1. Enter the data required to create a dynamic simulation input from an Aspen Plus®    

2. flowsheet.

3. Run and display the result in simulation.

4. Use different equipment to generate the result and optimize the process as per   

a. requirements

5. Run the Aspen simulation software for heat exchanger, reactors and distillation column etc.

6. Generating the graph using sensitivity analysis, optimization tools in Matlab.

List of Practical
Six to eight practical will be conducted.
1. Demonstrate the workflow of creating and running a dynamic simulation with Aspen Plus Dynamics
2. Show how to enter the data required to create a dynamic simulation input from an Aspen Plus® flowsheet

3. Review the basic concepts in running the simulation

a. Explain how to run and pause the simulation

b. Show how to display the results

4. Pressure Driven Dynamic Simulation

5. Flow Driven Dynamic Simulation

6. Distillation with RadFrac

7. Heat Exchangers

8. Reactors

9. Pressure Changers

10. Aspen Plus Dynamics process control models (PIDincr controller)

11. Pressure Relief Systems

Text Books 
1. Dimian A.C., Bildea C.S.; “Chemical Process Design: Computer Aided Case Studies”, Wiley VCH.

2. Luyben W. L.; “Process Modeling Simulation and Control for Chemical Engineers”, McGraw Hill, 1988.
Reference Books 
1. Himmelblau D., K.B. Bischoff; “Process Analysis and Simulation”; John wiely & Sons. 

CH 33309 :: SCILAB

Credits: 01 




Teaching Scheme: - Laboratory  2 Hrs/Week 

Prerequisites: Nil

List of Practical (any 6 to 8)

1. Scilab Basics, Scilab Environment

2. The Workspace and Working Directory

3. Matrix Operations

4. Statistics.

5. Plotting graph

6. Functions in Scilab.

7. Miscellaneous Commands.   

8. Fluid flow problems

9. Problems will be taken from the areas of material and energy balances, kinetics, data fitting and analysis of experimental data.

Text Books 

1. “ Scilab manual”, Departmental manual.

Reference Books 

1. “Modeling and Simulation in Scilab/Scicos with ScicosLab 4.4”, S. L. Campbell, Jean-Philippe Chancelier, R. Nikoukhah, Springer, 2nd ed. 2009.

Course outcomes:
At the end of the course the student will be able to-
1. Recognize the importance of numerical methods in mathematical modeling.
2. Perform basic algebraic and arithmetic computations in the Scilab environment.
3. Write and interpret programs in Scilab programming language.
4. Solve simple numerical problems using interactive Scilab commands.
5. Solve moderately complicated numerical problems by writing Scilab programs. 
CH 33310 :: LABORATORY TECHNIQUES IN CHEMISTRY

Credits: 01 



Teaching Scheme: - Laboratory 2 Hrs/Week 


List of Practical

1. Good laboratory practice (GLP):  Concept of GLP and practical demonstration.
2. Solvent purification techniques: Techniques for purification eg. Distillation.
3. Separation and Purification techniques: Paper, thin layer chromatography and HPLC.
4. Separation and purification of inorganic mixture.

5. Separation and purification of organic mixture. 

6. Use of some name reactions in organic synthesis. 

7. Concept of partition co-efficient - applications and determination.
8. Identification of natural product compounds. 

9. Colorimetric estimation of Nickel as glyoxime complex. 

10. Analysis of barium from BaSO4 gravimetrically. 

Text Books 

1. J.V.Cohen; Practical Organic Chemistry, Macmillan and Co.Limited. 

2. A.I.Vogel, A.R.Tatchell, B.S.Furnis, A.J Hannaford, P.W.G.Smith; Vogel's Textbook of Practical Organic Chemistry, 5th edition, Prentice Hall inc; 1996, USA
3. G. Pass, H. Sutcliffe; “Practical Inorganic Chemistry” ISBN, Better Worlds Books. 

Reference Books 

1. A.I.Vogel, A.R.Tatchell, B.S.Furnis, A.J Hannaford, P.W.G.Smith; Vogel's Textbook of Practical Organic Chemistry, 5th edition, Prentice Hall inc; 1996, USA

2. J.Clayden; N.Greeves; S.Warren, P.Wothers; Organic Chemistry, Oxford University Press.

3. J.V.Cohen; “Practical Organic Chemistry, Macmillan and Co. Limited. 

Course Outcomes:
The student will be able to – 

1. Purify organic compounds and mixtures by physical methods.
2. Get quantitative estimation of metals in solution.
3. Separate and identify few organic compounds and inorganic compounds in mixtures. 

4. Get melting point and boiling point of any organic compound.

5. Calculate partition coefficient of compound in different solvents.

CH 33311 :: FIRE PROTECTION

Credits: 01                                                                Teaching Scheme: - Laboratory  2 Hrs/Week 

List of Practical (any 8)

1. Introduction on fire protection

2. Classification of fire

3. Fire water demand calculation for chemical plant

4. Design of sprinkler system

5. Design of water spray system.

6. Hydraulic calculation for water fire water network.

7. Selection of fire water pumps.

8. Qualifying criteria for equipments to be protected with water spray system.

9. Foam system design for tank farm

10. Hydrant network design for chemical/refinery plant.
11. Drawing of above based on AutoCAD

Text Books 
1. Sanders A. E., “ Chemical Process Safety” 3rd Edition, Elsevier , 2006

2. Crowl D. A., Louvar J. F., “Chemical Process Safety: Fundamentals with applications”  3rd Edition, Pearson, 2012

Reference Books :

1. Mourice J. Jr., “Fire Protection Systems” Cengage Learing

Course Outcomes:
The student will be able to – 

1. Describe basic fundamentals of classification of fire and fire protection. 

2. Understand fire problem and suggest fire fighting system.

3. Design fire fighting system
4. Select, design and calculate fire water requirement, fire water pump, tank farm, hydrate network for chemical/refinery plant.
5. Draw sheets in AutoCAD

Module VII, Final Year B.TECH. Chemical Engineering

	Subject No.

	Subject Code
	Subject Name
	 Teaching Scheme 

(Hrs/week)
	Credits

	
	
	
	Lect.
	Tutorial
	Practical
	

	S1
	CH40101
	Chemical Reaction Engineering
	3
	0
	0
	3

	S2
	CH40103
	Instrumentation and Process Control
	3
	0
	0
	3

	S3
	
	Elective I (See list after module VIII)
	3
	0
	0
	3

	S4
	
	Elective II (See list after module VIII)
	3
	0
	0
	3

	T1
	CH40201
	Chemical Reaction Engineering (Tutorial)
	0
	1
	0
	1

	T2
	CH40203
	Instrumentation and Process Control (Tutorial)
	0
	1
	0
	1

	P1
	CH40303
	Instrumentation and Process Control Laboratory
	0
	0
	2
	1

	P2
	CH40305
	Computer Aided Chemical Engineering Laboratory
	0
	0
	2
	1

	Module-independent Subject (Offered in Semester I)

	PS2
	CH47301
	Project Stage II  
	0
	0
	3
	6

	Module-independent Subject (Offered in Semester II)

	PS3
	CH47302
	Project Stage III  
	0
	0
	3
	6

	
	
	Total
	12
	2
	7
	22


CH 40101 :: CHEMICAL REACTION  ENGINEERING

Credits: 03



       
      Teaching Scheme: 03 Hours / Week
Unit 1:

Non-Ideal flow





(08 Hours)

Part A: 
Residence time distribution in vessels: E, F and C curve, and their relationship for closed vessels, conversion in reactors having nonideal,flow; models for non-ideal flow: Dispersion model, Tank in Series, model, Multi parameter model. Mixing of fluids: Self-mixing of single fluid. Dead Zone and Bypass model Two parameter models.

Part B: 
Early and late mixing of fluid, models for partial segregation, mixing of two miscible fluids.


Unit 2: 
Heterogeneous processes:




(08 Hours)

Part A:


Global rate of reaction, Types of Heterogeneous reactions, Catalysis, The nature of catalytic reactions,Adsorption: Surface Chemistry and adsorption, adsorption isotherm, Rates of adsorption. Solid catalysts: Determination of Surface area, Void volume and soliddensity, Pore volume distribution, Theories of heterogeneous catalysis, 

Part B:
Classification of catalysts, Catalyst preparation Promoters and inhibitors, Catalyst deactivation (Poisoning). Deactivating catalysts: Mechanism of deactivation, Rate equation for deactivation, Regeneration of catalyst

Unit 3:

Fluid particle reactions:




(08 Hours)

Part A: 
Selection of a model for gas-solid non  catalytic reaction, Un-reacted core model, Shrinking core model, Rate controlling resistances, Determination of the rate controlling steps, Application of models to design problems.

Part B:
Various contacting patterns and their performance equations

Unit 4: 
Fluid particle reactions :




(08 Hours)

Part A:
Introduction to heterogeneous fluid - fluid reactions, Rate equation for instantaneous , Fast and slow reaction, Equipment used in fluid- fluid contacting with reaction, Application of fluid -fluid reaction rate equation to equipment design,

Part B:
Towers for fast reaction, Towers for slow reactions

Unit 5: 
Fluid - solid catalyzed reactions:



 (08 Hours)

Part A:
Introduction, Rate equation, Film resistance controlling, surface flow controlling , Pure diffusion controlling, Heat effects during reaction, Various types of catalytic reactors : Fixed bed reactor- construction, operation and design, Isothermal operation, Adiabatic operation, Fluidized bed reactor, Slurry reactor, Trickle bed reactor.

Part B: 
Experimental methods for finding rates, Product distribution in multiple reactions,

Text Books: (As per IEEE format)
1. Levenspiel, O., ‘Chemical Reaction Engineering’, 3rd. edition, John Wiley & Sons, 2001.
2. Fogler, H. S., ‘Elements of Chemical Reaction Engineering’, 3rd Ed., PHI, 2002.

Reference Books: (As per IEEE format)
1. Walas, S. M., ‘Reaction Kinetics for Chemical Engineers’, McGraw Hill, 1959.
2. Smith, J.M., ‘Chemical Engineering Kinetics’, 3rd ed., McGraw Hill, 1987.
Course Outcomes:

The student will be able to – 

1. Ability to distinguish between various RTD curves and predict the conversion from a

    non-ideal reactor using tracer information.

2. Calculate the global rate of heterogeneous catalytic reactions. Also can calculate the 

    characteristics of solid catalyst like porosity, pore volume, etc.

3. Select model for fluid-particle reactions and calculate the rate of reactions

4. Select model for fluid-fluid reactions and calculate the rate of reactions.

5. Design the various types of rectors depending on the different types of heterogeneous 

    catalytic and non-catalytic reactions. 

CH 40103 :: INSTRUMENTATION AND PROCESS CONTROL
Credits: 03 





  Teaching Scheme: - Theory 3 Hrs/Week 

Course Outcomes:
The student will be able to – 

1. Generate the response of different types of system with the given input disturbances.

2. Analyze different types of control valve and symbols used in process for P&ID design.

3. Create Block Diagram of control system and compute their transfer function.

4. Calculate the stability analysis of control system with different techniques.

5. Design of feedback, feed forward control system and their stability analysis.


      









Unit I: Process Dynamics






                 (8 Hrs)

 A. Introduction to instrumentation and process control.
Review of Laplace transforms. Introduction to process control. Development of mathematical and dynamic modeling of chemical engineering systems. 
First order, second order systems. Systems with time delays. Interacting & noninteracting processes.
B. Process identification

Unit II: Instrumentation







      (8 Hrs)

A. Measurement fundamentals. Temperature, flow, pressure, level and composition measuring instruments. Brief introduction to P&ID diagrams
B. Control valves – sizing and valve characteristics.
Unit III: Single loop feedback control





      (8 Hrs)

A. Feedback control. Block diagram. Feedback controllers: PID control etc. Typical time-domain responses of feedback control systems. Servo and regulator problem.
B. Industrial PID controllers
Unit IV: Stability check for feedback control systems                                                (8 Hrs)

A. Stability analysis of closed-loop control systems. Routh stability criterion. Root locus technique. Feed forward control, cascade control.
B. ratio control, selective control, digital  control
Unit V: Design of feedback control system using frequency response                     (8 Hrs)

A. Frequency response analysis, Design of feedback control systems. PID controller tuning methods such as Bode plot , Ziegler-Nichols.  Multiloop and multivariable control
B. Plantwide control, Distributed control systems

Textbooks:
1. Coughanowr, D.R ; “Process Systems Analysis and Control”; 2nd ed.; McGraw-Hill, 1991.

2. Nakra, B.C. Chaudhry, K.K.; “Instrumentation, Measurement and Analysis”; 2nd ed, Tata McGraw-Hill, 2004.
Reference Books:
1. George Stephanopolous; “Chemical Process Control”; Eastern Economy edition; Prentice-Hall; 2005.

2. Turton R. et al.; “Analysis, Synthesis and Design of Chemical Processes”; 2nd ed, Prentice-Hall, 2003.

3. Liptak, B.G; Instrument Engineer's Handbook  Volume I: Process Measurement and Analysis', 4th  ed, CRC Press, 2005.

4. Doebelin, E.O., Manik, D.N.; “Doebelin's Measurement Systems”; 6th ed, McGraw-Hill, 2011.

5. Ekmann, D. P; “Industrial Instrumentation”; Fifteenth Wiley Eastern Reprint, Wiley Eastern Ltd, 1991.

 
CH 40201 :: CHEMICAL REACTION ENGINEERING (Tutorial)

Credits: 01



    
            Teaching Scheme: 01 Hours / Week
List of Tutorials: 

1. RTD data analysis and model fitting and solutions using POLYMATHS such as mixing model, dispersion model, two parameter model  etc.

2. Kinetics model formulation for heterogeneous reaction (Hinshelwood, or Eley ridel mechanism) & adsorption data analysis and isotherm model fitting, etc.

3. Problems on fluid particle non catalytic reactions (gas on solid systems)

4. Problems on fluid particle non catalytic reactions (gas in liquid systems)

5. Design of heterogeneous reactors.

.

 A short written paper (<5 pages, double spaced) is required for this assignment.  Assignments will be assessed by the content of quantitative kinetic information as opposed to qualitative mechanistic description. A critical approach to quantitative kinetics and reactor design will be considered as a good measure of assignment. An acceptable paper must contain at least three references from peer reviewed journals

Text Books: (As per IEEE format)
1. Levenspeil, O., ‘Chemical Reaction Engineering’, 3rd. edition, John Wiley & Sons, 2001.

2. Fogler, H. S., ‘Elements of Chemical Reaction Engineering’, 3rd Ed., PHI, 2002.

Reference Books: (As per IEEE format)
1. Walas, S. M., ‘Reaction Kinetics for Chemical Engineers’, McGraw Hill, 1959.

2. Smith, J.M., ‘Chemical Engineering Kinetics’, 3rd ed., McGraw Hill, 1987.
Course Outcomes:

The student will be able to – 

1. Ability to distinguish between various RTD curves and predict the conversion from a

    non-ideal reactor using tracer information.

2. Calculate the global rate of heterogeneous catalytic reactions. Also can calculate the characteristics of soild catalyst like porosity, pore volume, etc.

3. Select model for fluid-particle reactions and calculate the rate of reactions

4. Select model for fluid-fluid reactions and calculate the rate of reactions.

5. Design the various types of rectors depending on the different types of heterogeneous catalytic and non-catalytic reactions. 

CH 40203 :: INSTRUMENTATION AND PROCESS CONTROL (Tutorial)

Credits: 01 





    Teaching Scheme: - Tutorial 1 Hrs/Week 

Course Outcomes:
The student will be able to – 

1. Calculate the  mathematical modeling and solution procedures of chemical process   

a. Dynamics.

2. Calculate the Laplace transform and generate the response of different types of system with the given input disturbances.

3. Create Block Diagram of control system and compute their transfer function

4. Design of feedback control system using frequency response.

5. Calculate the stability analysis of control system with different techniques

List of Tutorials

1. Assignment  based on Instruments for temperature, pressure, flow, level compositions, their performance criteria and graphs

2. numerical for laplace transform revision Process Flow Diagram.
3. numerical for first and second order system operation

4. numerical for interacting and no interacting systems.
5. numerical for single loop feedback control

6. numerical for Routh  stability criteria,

7. numerical using  root locus technique

8. numerical based  on design of feedback system using bode plot

9. numerical using Zigler-Nichols parameters for system tuning. 

Textbooks:
1. Coughanowr, D.R.; ‘Process Systems Analysis and Control’; 2nd ed, McGraw-Hill, 1991.

2. Ekmann, D. P; ‘Industrial Instrumentation’; Fifteenth Wiley Eastern Reprint, Wiley       Eastern Ltd, 1991
Reference Books:
1. George Stephanopolous; ’Chemical Process Control’; Eastern Economy edition,    Prentice-Hall,2005.

2. Liptak, B.G; ‘Instrument Engineer's Handbook Volume I: Process Measurement and Analysis'; 4th  ed, CRC Press, 2005

CH 40303 :: INSTRUMENTATION AND PROCESS CONTROL LABORATORY
Credits: 01 




Teaching Scheme: - Laboratory  2 Hrs/Week 

Course Outcomes;
The student will be able to – 

1. Tune different types of control system

2. Design a feedback control system on Matlab

3. Simulate control system dynamics using a Chemical Engieering Dynamic Simulator

4. Control the process using P, PI and PID controllers.

5. Plot the  root locus, Bode plot, nyquist plot.

List of Practicals

1. Measurements for temperature, pressure, flow and level

2. Process dynamics: first order, second order etc

3. PID Controlled system:

4. P, I and D modes

5. Controller tuning methods

6. Level control, flow control, pressure control etc

7. Feedback control system design using Matlab:

8. Plotting root locus, Bode plot, nyquist plot

9. Control system design using the above

10. Dynamic simulation on a chemical engineering simulator such as Aspen Dynamics of Chemical Engineering Systems such as:

11. Tank level control

12. Distillation column control

Textbooks:
1. Coughanowr, D.R; ‘Process Systems Analysis and Control’;, 2nd ed, McGraw-Hill, 1991.

2. Ekmann, D. P ; ‘Industrial Instrumentation’;  Fifteenth Wiley Eastern Reprint, Wiley       Eastern Ltd, 1991
Reference Books:
1. George Stephanopolous; ‘Chemical Process Control’;  Eastern Economy edition,    Prentice-Hall,2005.

2. Liptak, B.G; ‘Instrument Engineer's Handbook  Volume I: Process Measurement and Analysis', 4th  ed, CRC Press, 2005
CH 40305 :: COMPUTER AIDED CHEMICAL ENGINEERING LABORATORY

List of Practical

Minimum 8 to 10  practical

	Practical No.
	                                             Practical Title

	1
	Flash drum and distillation 

	2
	CSTR and PFR

	3
	Distillation train

	4
	Ammonia plant Simulation

	5
	Vinyl chloride Plant Simulation

	6
	Aniline hydrogenation 

	7
	Simulation of Petrofac model

	8
	Simulation of radfrac model

	9
	Assignment

	10
	Assignment


Text Books 

1. Elements of Chemical Reaction Engineering”, Fogler, H. S., 2nd ed., Prentice-Hall, 1992.

2. “Perry’s Chemical Engineers Handbook”, Perry, R.H.; Green, D.W.; Malorey, J.D., McGraw-Hill, 1984.

3. “Numerical Methods for Engineers”, Chapra, S.C.; Canale, R.P., 4th Edition, Tata-McGraw Hill Publications, 2003.

Reference Books 

1. “An Introduction to Numerical Methods for Chemical Engineers”, Riggs, James B. 2nd Edition, Texas Tech University Press, 1994.

2. “Optimization of chemical processes”, Edger, Thomas F.; Himmelblau, D M, McGraw-Hill ompanies, 1987

Course Outcomes:
	The student will be able to – 



	1. Implement principles of CAChE laboratory 

2. Design processes of chemical industries based on CAChE laboratory

3. Apply knowledge on problems in chemical industry based on CAChE laboratory.


Semester – I, FINAL YEAR B.TECH.Chemical Engineering: Module-Independent Courses:

CH 47301 :: PROJECT – II

Credits: 04 




Teaching Scheme: - Laboratory  4 Hrs/Week 

Contents
This stage will include comprehensive report on literature survey, design and fabrication of experimental set up and/or development of model, relevant computer programs and the plan for stage III.

Students may undertake studies in application chemical engineering knowledge for manufacturing project, synthesis, design and development, experimental work, testing on the product or system, generation of new ideas and concept, modification in the existing process/system, development of computer programs, solutions, modeling and simulation related to the subject. Topics of interdisciplinary nature may also be taken up. A detailed literature survey is expected to be carried out as a part of this work. The group of students is required to choose the topic in consultation with the Guide. 

A technical report is required to be submitted at the end of the term and a presentation made based on the same. Modern audio-visual techniques may be used at the time of presentation.

Text Books 
1. “Project Writing Manual” B.A. Bhanvase, Chemical Engineering Department, VIT, Pune
2. Reference Books : Nil

Course Outcomes:
The student will be able to – 

1. apply Chemical Engineering knowledge.

2. learn How to Work in Team.

3. define a task (problem) and execute it.

4. carry out research and development work.

5. design equipments or process for chemical engineering plants.

Module VIII, Final Year B.TECH. Chemical Engineering

	Subject No.

	Subject Code
	Subject Name
	 Teaching Scheme 

(Hrs/week)
	Credits

	
	
	
	Lect.
	Tutorial
	Practical
	

	S5
	CH40102
	Transport Phenomena 
	3
	0
	0
	3

	S6
	CH40104
	Plant Engineering and Project Economics
	3
	0
	0
	3

	S7
	
	Elective III
 (See list after module VIII)
	3
	0
	0
	3

	S8
	
	Elective IV
 (See list after module VIII)
	3
	0
	0
	3

	T3
	CH40202
	Transport Phenomena (Tutorial)
	0
	1
	0
	1

	T4
	CH40204
	Plant Engineering and Project Economics (Tutorial)
	0
	1
	0
	1

	P3
	CH40306
	Process  Modeling and Simulation Laboratory
	0
	0
	2
	1

	P4
	CH40308
	Design Laboratory
	0
	0
	2
	1

	Module-independent Subject (Offered in Semester I)

	PS2
	CH47301
	Project Stage II  
	0
	0
	3
	6

	Module-independent Subject (Offered in Semester II)

	PS3
	CH47302
	Project Stage III  
	0
	0
	3
	6

	
	
	Total
	12
	2
	7
	22


CH 40102 : TRANSPORT PHENOMENA
Credits: 03 






Teaching Scheme: - Theory 3 Hrs/Week 

Unit I            (8 Hrs)

Fundamentals of Transport Phenomena

A. Basics of momentum transport, tensors,3 dimensional system. Equation of continuity, equation of motion, equation of mechanical energy. Newton’s law of viscosity, temperature and pressure dependence of viscosity for gases and liquids  

B. molecular theory of viscosity for gases
Unit II            (8 Hrs)

Shell Momentum Balances 

A. Shell momentum balances and boundary conditions. Shell momentum balances for flow of falling film, flow through circular tube, flow through annulus, flow of two adjacent immiscible fluids, creeping flow around a sphere.
B. momentum flux and velocity distribution for flow of Newtonian in pipes
Unit III            (8 Hrs)

Mechanism of Energy Transport and Shell Energy Balances

A. Fourier law of energy transport and derivation for 3 coordinate system, Dependence of thermal conductivity on temperature, pressure for gases and liquids. Shell energy balances for heat conduction, heat flux and temperature distribution for heat sources such as electrical, nuclear, viscous. Heat flux through composite walls for multidimensional.
B. Dependence of thermal conductivity on temperature for solids
Unit IV            (8 Hrs)

Mass Transport and Concentration Distribution in Solid and Laminar Flow

A. Temperature and pressure dependence of diffusivity. Mass flux for diffusion through stagnant film. Mass flux for diffusion with homogeneous and heterogeneous chemical reaction. Mass flux for diffusion and chemical reaction inside a porous catalyst. Mass flux for diffusion in 3 component gas system
B. Mass flux for diffusion into falling liquid film
Unit V            (8 Hrs)

Turbulence, Macroscopic balances for multicomponent system

A. Turbulent transport phenomena, Boundary layer theory

Macroscopic mass balances. Macroscopic momentum and angular momentum balances. Use of macroscopic balances to solve steady state and unsteady state problems viz. sulfur dioxide converter, packed bed absorption tower, expansion of reactive gas mixture through frictionless adiabatic nozzle. 
B. macroscopic mass balance for any industrial system

Textbooks:
1. Bird R. B, Stewart  W.E., Lighfoot E.W., 'Transport Phenomena',  John Wiley, 2nd Ed., 2000.

2.  Brodkey R. S., Hershey H. C., 'Transport Phenomena',  McGraw-Hill International Edition, 1988.
Reference Books: 
1. Sissom L.S., Pitts D.R.,'Elements of Transport Phenomena', McGraw-Hill. New York, 3rd Edition, 1972.

2. Wilty J.R., Wilson  R.W., Wicks C.W., 'Fundamentals of Momentum, Heat and Mass Trasport', 2nd Ed., John Wiley, New York, 1973. 
Course Outcomes:
At the end of the course the students will be able to

1. Solve shell momentum balance problems for simple systems

2. Solve shell energy balance problems for simple systems

3. Solve shell mass balance problems for simple system

4. Setup and solve macroscopic momentum balances for a given system

5. Setup general equations of continuity and motion and carry out dimensional analysis of complex systems based on the same.

CH 40104:: PLANT ENGINEERING AND PROJECT ECONOMICS

Credits: 03



       
      
Teaching Scheme: 3 Hours / Week
Unit I: Introduction Of Chemical Process Design

       

      (7 Hours)
A. Design Considerations; Greenfield projects, Add-on projects; Health, safety and environment; Process safety & Loss Prevention: process HAZOP, HAZAN; Introduction to Climate change, sustainability, Life cycle analysis; Codes & Standards; Design factors (margins); Scope for Engineering optimization; Materials of construction; Design information and data. Equipment selection and Equipment selection, specification and design. Plant layout and isometrics; plot plan, equipment layout; basic and detail engineering drawings; Documentation: Equipment design specification sheet; process data sheets; material specification sheets.

B. Patent considerations.


Unit II: 
Plant balance models 




       (8 Hours)

A. Mass conservation and mass kinetics laws; single and multiphase systems; Gibbs phase rule and thermodynamic/ chemical equilibrium considerations, feasibility analysis; Choice of system boundary and stream tearing to derive superstructure; Degrees of freedom, constraints on flows and compositions; Tie components; excess reagent, convsersion, selectivity & yield; streams (recycle, purge, bypass); unsteady state operations. Flowsheet presentation; individual equipment and flowsheet optimization; dynamic simulation. 
B. Stream balance models; DOF and controller pair selection; General flowsheet synthesis methods.

Unit III:
Energy balances and Utility system design


      (8 Hours)

A. Conservation and energy; specific enthalpy; mean heat capacity; enthalpy of mixtures; heats of reaction; dependence on concentration, pressure, temprature, phase on process selection and equilibrium calculations (Le Chateliers principle); Combustion reactions and heat of combustion; heat recovery pinch and heat exchanger networks; utility selection; furnaces; heat cogeneration and heat pump; Steam distribution system.
B. Enthalpy, entropy and exergy; optimization of heat recovery systems.

Unit IV:  Separation columns, Heat exchangers and mechanical design       (Hours 9)

A. Distillation columns: Design variables in distillation; multicomponent distillation; plate efficiency, approximate column sizing, hydraulic design and plate contactors; solvent extraction.
Heat exchangers: Overall heat transfer coefficient; shell and tube heat exchangers; condensers; reboilers and vaporizers; air cooled heat exchangers; fired heaters (furnaces and boilers); Heat transfer to vessels.
Mechanical design of pressure vessels: Codes & standards; fundamental principles and equations; vessel design (loading stresses); vessel supports; Joints: Bolted, welde; Tests: Fatigue assessment; pressure test; 
B. High pressure vessels; Storage tanks (Above the ground and Underground). 

Unit V:
Costing and project economics.



      (8 Hours)

A. Cash flow analysis; Factors Affecting Investment and Production Costs, Capital Investments: Fixed-Capital Investment, Working Capital, and Estimation of Capital Types of Capital Cost Estimates; Cost Factors in Capital Investment, Estimation of Total Product Cost: Estimation of various components of project cost as per recommended practice by India Financial Institutes, Plant & machinery estimate, Cost of Production. Cost indexes. 
Types of interest: simple interest, ordinary and exact simple interest, nominal and effective interest rates, compound interest, continuous interest. Loan repayment, Periodic payments, annualized cost, capitalized cost, Present worth and discount, etc.; Types of depreciation, depletion, service value, salvage value, present value, depreciation in chemical project, methods for determining depreciation, depreciation rates, the depreciation schedule. Break even analysis, incremental analysis, ratio analysis, discounted profit flow technique. Feasibility report, Annual report.
B. Taxes and Insurance; alternative investments, and replacements, 

Text Books:
1. R. Smith, Chemical Process design and Integration, NY: Wiley Publication, (January, 2005). 

2. G. Towler and R. Sinnott, Chemical Engineering Design (Principles, Practice and Economics of Plant and Process Design), MA: Butterworth-Heinemann (An Imprint of Elsevier), 2008.

3. M.S. Peters, K.D. Timmerhaus, Plant design and economics for chemical engineers,

NY: 4th Edition, McGraw Hill, 1990.

4. W.D. Seider, J.D. Seader, D.R. Lewin, Product and Process Design Principles: Synthesis, Analysis and Design, NY: 3rd Edition, John Wiley & Sons, Inc.; (April) 2009.

5. 
Reference Books:
1. V.V. Mahajani., S. M. Mokashi, Chemical Project Economics, ND: Macmillan India

Publication , 1st Edition, 2005 .

2. E. Bausbacher and R. Hunt, Process Plant Layout and Piping Design, 1st Edition, Prentice Hall Publication, 1993.

Course Outcomes:
The student will be able to – 

1. To learn about engineering design, drawings and documentation.

2. To learn about material and energy balance models.

3. To learn about energy balances and utility system design.

4. To design static plant equipment and their mechanical design.

5. To learn various aspects of costing and project economics.

CH 40202 :: TRANSPORT PHENOMENA (Tutorial)
Credits: 01 




Teaching Scheme: -   Tutorial 1 Hrs/Week 

List of Tutorials
The tutorials will involve numerical problems and derivations. Recommended material is end-of-chapter problems in BSL (Textbook 1).
1. Numerical problems related to momentum transport: Viscosity, simple shell balance problems

2. Derivations related to shell momentum balances

3. Numerical problems related to energy transport: Thermal conductivity, simple shell balance problems

4. Derivations related to shell energy balances

5. Numerical problems related to mass transport: Diffusivity, simple shell balance problems

6. Derivations related to shell mass balances

7. Problems on equations of change for momentum transport, turbulence, interphase momentum transport etc.
Textbooks:
1. Bird R. B, Stewart  W.E., Lighfoot E.W., 'Transport Phenomena',  John Wiley, 2nd Ed., 2000.
2.  Brodkey R. S., Hershey H. C., 'Transport Phenomena',  McGraw-Hill International Edition, 1988.

Reference Books: 
1. Sissom L.S., Pitts D.R.,'Elements of Transport Phenomena', McGraw-Hill. New York, 3rd Edition, 1972.

2. Wilty J.R., Wilson  R.W., Wicks C.W., 'Fundamentals of Momentum, Heat and Mass Trasport', 2nd Ed., John Wiley, New York, 1973. 
Course Outcomes: 
The students will be able to

1. Solve shell momentum balance problems for simple systems

2. Solve shell energy balance problems for simple systems

3. Solve shell mass balance problems for simple systems

4. Setup and solve macroscopic momentum balances for a given system
5. Setup general equations of continuity and motion and carry out dimensional analysis of complex systems based on the same.

CH 40204 :: PLANT ENGINEERING AND PROJECT ECONOMICS (Tutorial)

Credits: 01 Teaching Scheme: - Tutorial 1 Hr/Week 

List of Contents

TERM-WORK
1. Assignment based on HAZOP, HAZAN, Fault Tree Analysis, etc.
2. Assignment based on feasibility study and Engineering flow diagram.

3. Assignment based on financial pattern of chemical industry

4. Assignment based on cost estimation

5. Assignment based on project profitability analysis
Text Books 
1. “Chemical Project Economics ” Mahajani V.V., Mokashi S. M., Macmillan India Publication , 1st  Edition, 2005 .

2. “Process Plant Layout and Piping Design”, Bausbacher E. and Hunt R. ,1st  Edition, Prentice Hall Publication, 1993. 
Reference Books 
1. “Plant design and economics for chemical engineers ” Peters, M.S., Timmerhaus, K.D., 4th  Edition, McGraw Hill, 1990.
Course Outcomes:
The student will be able to – 

1. To prepare basic engineering package requirements, list of engineering drawings and prepare specification sheets.

2. To perform flow sheet simulation and prepare material balance specification sheets.

3. To learn about heat integration and from simulation prepare energy balance specification sheets.

4. To learn to use engineering codes and standards to design static plant equipment.

5. To learn about cost engineering practices and cost optimization methods. 

CH40306 :: PROCESS MODELING AND SIMULATION LABORATORY

Credits: 01 Teaching Scheme: - Laboratory  2 Hrs/Week     






List of Practical

Six to eight practical will be conducted with the use of mathematical and chemical engineering CAD softwares such as Aspen, EnviroPro, Mathcad, Matlab etc. Development of programs for numerical methods and process simulation. Problems will be taken from the areas of material and energy balances, thermodynamics, transport, kinetics, data fitting and analysis of experimental data and steady state and dynamic modeling.

1. Introduction to Modeling and Simulation

2. Numerical Solutions Using MATLAB: Overview and simple arithmetic capabilities, Matrix manipulations, Nonlinear Algebraic equations, Ordinary differential equations, Programming in MATLAB

3. Basic Modeling and Simulation: Hydraulic tank, Mixing vessel, Mixing with reaction, Simultaneous mass and energy balances, Continuous-flow system

4. Multicomponent Vapor-Liquid Equilibrium: Vapor-liquid equilibrium, Boiling operations, Batch distillation 

5. Reaction Kinetics

6. Mathematical modeling and simulation of reactor systems.

7. Mathematical modeling and simulation of heat transfer equipments.

8. Mathematical modeling and simulation of Distillation column 

9. Mathematical modeling and simulation of Compressor system (single stage and multistage) 

10. Mathematical modeling and simulation of Absorption column 

11. Mathematical modeling and simulation of Packed Columns

12. Steady state mathematical modeling and simulation of Separation Train

13. Mathematical modeling and simulation of other chemical processes

14. Solution of under specified and over specified systems.

15. Design Projects

Text Books 

1. “Process Modeling Simulation and Control for Chemical Engineers”, Luyben W. L., McGraw Hill, 1988.

2. “Chemical Engineering Dynamic Modeling with PC simulation”, John Ingam, Irving J. Dunn., VCH Publishers.

Reference Books 

1. “Numerical Methods and Modeling for Chemical Engineers”, Davis M. E., Wiley, New York, 1984.

2. “Numerical Methods for Engineers”, Chapra S.C., R.P. Canale, McGraw-Hill Publishing Company Limited, New Delhi, India, 2000.

3. “Process Analysis and Simulation”, Himmelblau D., K.B. Bischoff, John wiely & Sons. 

4. “Modeling and Simulation in Chemical Engineering”, Franks R.E.G., Wiely Intrscience, NY

Course Outcomes:

	The student will be able to – 

	1. Implement principles of Process Modeling and Simulation laboratory 

2. To model and Simulate the processes of chemical industries based on Process Modeling and Simulation laboratory

3. Apply knowledge on process problems in chemical industry based on Process Modeling and Simulation laboratory.


CH 40308 :: DESIGN LABORATORY

Credits: 01 




                             Teaching Scheme:- 2 Hrs/Week 

Course Outcomes:
The student will be able to – 

 

1. Draw the diagram of different equipments in AUTOCAD software.

2. Design Process Flow Diagram, Piping and Instrumentation Diagram of specific plants.

3. Draw the different symbols used in chemical plant design.

4. Identify and draw different connections with all the units of chemical process plant.

5. Design the Pressure Vessels, Storage Tanks and Heat Exchangers etc.

6. Use different types of command that are in the software.

List of Practical

Minimum 6 sheets related to design and drawing mentioned below using AutoCAD should be conducted.

1. Introduction to Design.

2. Process Flow Diagram.

3. Piping & Instrumentation Diagram.

4. Design of Pressure Vessels.

5. Design of Vessel Supports.

6. Design of Storage Tanks

7. Design of Heat Exchangers.

8. Design of Tray Towers. 

9. Design of Packed Towers.

Textbooks:
1. Mahajani, V.V; ‘Joshi’s Process Equipment Design’; 4th Edition, Macmillan India, 2009.

2. Bhattacharya, B.C.; ‘Introduction to chemical equipment design’; CBS Publications, 1985.
Reference Books 
1. Coulson, J. M., Richardson, J. F., Sinnott, R. K.; ‘Chemical Engineering Vol. 6 -. Design’; Pergamon Press, 1983. 

2. D. Q. Kern; “Process Heat Transfer”, Tata McGraw Hill Publications, 2009.

Semester – II, FINAL YEAR B.TECH.Chemical Engineering: Module-Independent Courses:

CH 47302 :: PROJECT – III

Credits: 06                                                                Teaching Scheme: - Laboratory  6 Hrs/Week 

Contents:
This is the final stage in the project work. This stage will include comprehensive report on the work carried out at this stage and relevant portions from stage I and stage II, including experimental studies, analysis and/or verification of theoretical model, conclusions etc.

Students may undertake studies in application chemical engineering knowledge for manufacturing project, synthesis, design and development, experimental work, testing on the product or system, generation of new ideas and concept, modification in the existing process/system, development of computer programs, solutions, modeling and simulation related to the subject. Topics of interdisciplinary nature may also be taken up. A detailed literature survey is expected to be carried out as a part of this work. The group of students is required to choose the topic in consultation with the Guide. 

A technical report is required to be submitted at the end of the term and a presentation made based on the same. Modern audio-visual techniques may be used at the time of presentation.

Text Books 
1. “Project Writing Manual” B.A. Bhanvase, Chemical Engineering Department, VIT, Pune
Reference Books: Nil

Course Outcomes:
The student will be able to – 

1. apply Chemical Engineering knowledge.

2. learn How to Work in Team.

3. carry out research and development work.

4. design equipments or process for chemical engineering plants.

5. apply written, oral, and graphical communication in both technical and non-technical
environments.
Electives I - IV, B. E. Chemical Engineering

	Subject Code
	Subject Name

	CH42101
	Advanced Materials

	CH42102
	Analytical Chemistry

	CH42103
	Bioengineering

	CH42104
	Biotechnology

	CH42105
	Catalysis

	CH42106
	Computational Fluid Dynamics

	CH42107
	Environmental Engineering

	CH42108
	Food Technology

	CH42109
	Green Chemistry

	CH42110
	Mass Transfer with Chemical Reaction

	CH42111
	Nanotechnology

	CH42112
	Nonconventional Energy Sources

	CH42113
	Petroleum Refining

	CH42114
	Piping Engineering

	CH42115
	Polymer Technology

	CH42116
	Industrial Chemistry

	CH42117
	Biochemical Engineering

	CH42118
	Solid State Chemistry

	CH42119
	Supramolecular Chemistry

	CH42120
	Nanochemistry


CH 42101 :: ADVANCED MATERIALS

Credits: 03 






Teaching Scheme: - Theory 3 Hrs/Week 
Unit I: Introduction to advanced materials






(8 Hrs)
History and global trends of advanced materials and nanomaterials

Nanomaterials characterization, overview of synthesis methods used in nanotechnology

Unit II: Advanced Metallic, Polymeric,Ceramic and Composite Materials:


(8 Hrs)

Advanced metallic systems, superalloys. Engineering and specialty polymers. Engineering ceramics.

Composite materials: Matrices and reinforcements. Metal matrix, polymer matrix and ceramic matrix composites.

Unit III: Unit Processes in Micro- and Nano-electronic Fabrication            


(8 Hrs)
Introduction. Unit processes and technologies in micro- and nano-electronic fabrication such as physical and chemical vapor deposition, ion implantation, lithography, epitaxial growth etc.

Unit IV: Electrical, optical, magnetic properties of materials         

          
            (8 Hrs)
Electrical conduction. Intrinsic & extrinsic semiconductors. 
Optical properties of materials: LEDs and lasers.

Magnetic properties of materials. Superconductive materials. 
Unit V: Nanotechnology







           

(8 Hrs)
Select top-down and bottom-up synthesis methods used in nanotechnology such as sol-gel techniques, milling, machining, self-assembly etc

Unit VI: Self Study: Physics of advanced materials and nanomaterials
Coverage of physics of advanced materials and nanomaterials as suggested during the course.

Study of recent research articles, as suggested during the course.

Text Books:
1. Callister W.D. Jr , 'Materials Science and Engineering: An Introduction', 7th edition, Wiley and Sons,  2006.
2. Campbell, S.A. 'The Science and Engineering of Microelectronic Fabrication', 2nd ed, Oxford University Press, 2001

3. Smith, W.F. 'Foundations of Materials Science and Engineering', 3rd ed, McGraw Hill, 2004

4. Kelsall, R.W., Hamley, I.W., Geoghegan, M., 'Nanoscale Science and Technology',  John Wiley and Sons, 2005.

Reference Books :
1. Poole, C.P. Jr; Owens, F.J. 'Introduction to Nanotechnology', Wiley India, 2006

2. Matthews, F.L.; Rawlings, R.D. 'Composite Materials: Engineering and Science', CRC Press, 2005

Course Outcomes:
The student will be able to 
1. classify and describe past, present and future trends of advanced and nano-materials

2. analyze advanced metallic, ceramic, polymeric and composite materials in terms of their structure-property relationships, processing techniques and performance

3. classify and explain various unit processes used in micro- and nano-electronic fabrication
4. explain the basic phenomena involved in and delineate various advanced and nanomaterials exhibiting special electrical, optical and magnetic properties

5. Categorize and describe various synthesis methods used in nanotechnology

CH 42102 :: Analytical Chemistry

(B) Credits: 03 





Teaching Scheme: - Theory 3 Hrs/Week 
Unit 1: Title of the Unit 
 : Conductometric & Potentiometry                                 ( 8 Hours)
Part A:  Introduction to Analytical Chemistry, Conductometric titrations – General concept and basis of conductometric titrations, apparatus and measurement of conductivity, Applications of direct conductometric measurements.Standard and formal potentials, types of electrodes. Glass membrane, precipitate and solid state electrodes, liquid membrane electrodes, mechanism of electrode, response and evaluation of selectivity coefficient, application of ion-selective electrodes. Methods manual titrimeters and automated titrators, Direct potentiometry and potentiometric titrations including differential methods, acid – base titrations in non-aqueous systems.

Part B: 
Bipotentiometry – Principle, instrumentation and applications

Unit 2: Title of the Unit 
:  Amperometry and Polarography


( 8 Hours)
Part A:  Theory, apparatus, DME, diffusion and kinetic and catalytic currents, current – voltage curves for reversible and irrerversible systems, qualitative and quantitative applications of polarography to organic and inorganic systems. Derivative polarography, Test polarography, Pulse polarography – Normal and derivative, square wave polarography and AC polarography. Linear sweep and cyclic voltammetry, anodic and cathodic stripping voltammetry.

Amperometric titrations – Theory, apparatus, types of titration curves, successive titrations and two indicator electrodes – applications. Technique of amperometric titrations with the dropping mercury electrode – Titration with the rotating platinum microelectrode. Examples of amperometric titrations using a single polarized electrode

Part B: Biamperometry – Theory and applications, Microelectrode deposition including radioactive metal ions.

Unit 3: Title of the Unit :  Electrogravimetry and Colulometry


( 8  Hours)
Part A: Theory. Faraday’s laws, coulometers – types of macro and micro techniques, coulometric titrations, external and insitu generation, coulogravimetry and applications, Elementary aspects of chronocoulometry.

Electrogravimetry – Theory of electrogravimetry , order of deposition, over potential, polarization curves, constant potential and consecutive deposition, selective deposition, constant current deposition, assembly of electrode and deposition of complex ions.

Part B: Autoelectrogravimetry, Principle and instrumentations, electrography and its applications,

Unit 4: Title of the Unit 
:  Basic Separation Techniques            

( 8  Hours)
Part A: General aspects of separation techniques – Role of separation technique in analysis, Classification choice of separation method distribution processes

Extraction – Distribution law and derivation, solvents and their choice, techniques – batch and continuous, multiple extraction, column and their choice, extraction of solids and their applications. Solvent micro-extraction - In-vial liquid–liquid extraction (in-vial LLE), - Single-drop micro-extraction (SDME),  Liquid-phase micro-extraction (LPME), Liquid–liquid–liquid micro-extraction (LLLME),  Sorption micro-extraction and liquid desorption - Solid-phase extraction (SPE), - In-tube solid-phase micro-extraction (in-tube SPME), Fiber-in-tube solid-phase extraction (fiber-in-tube SPE), Single short column (SSC), Solid-phase micro-extraction (SPME), Thermal desorption - Solid-phase micro-extraction (SPME), Stir-bar-sorptive extraction (SBSE),  Matrix solid-phase dispersion - Matrix solid-phase dispersion (MSPD), Enhanced fluid/solvent extraction - Supercritical-fluid extraction (SFE), Pressurized liquid extraction (PLE), Subcritical-water extraction (SWE), Microwave-assisted extraction (MAE),  Sonication-assisted solvent extraction (SASE), Thermal desorption from solids - Direct thermal desorption (DTD)

GPC and UPLC 

Gel permeation chromatography – Instrumentation, heterogeneity factor, determination of molecular weights - weight average and number average, analytical and industrial applications. New development in chromatography – Plasma chromatography, super critical fluid chromatography, Ultra Performance Liquid Chromatography – Theory and Practice, Lab-on-a-chip – introduction, merits, limitations, applications vis-à-vis conventional techniques.  

Part B: Classical Extraction and Chromatographic techniques

Unit 5: Title of the Unit 
:  Microscopy





( 8 Hours)
Part A:     Chemical  microscopy –  Microscope – Parts and optical path:  Numerical  aperture and significance. Techniques – Kofler’s hot stage microscope, fluorescence, polarizing, interference and phase microscopy, application and qualitative and quantitative study. Electron microscopy – SEM, TEM, AFM - Principle, Microscope and its operation, sample preparation, replicas, shadowing, application to analysis, electron probe analyzer, ion microscope

Part B: 
Metallography – metallurgical microscopic examination, specimen preparation and examination, interpretation of micrographs 

Text Books: 
1. Willard, Merit Dean and Settle;  Instrumental Methods of Analysis;  IV, CBS Publishers and Distributors, 1986.

2.  Kealey, Blackie;  Experiments in Modern Analytical Chemistry; Chapman & Hall, 1986.

Reference Books: 
1.  J.G. Dick;  Analytical Chemistry;  McGraw Hill Publishers, 1974.

2. D.A. Skoog;  Principles of Instrumental Analysis;  Saunders College Pub. Co, III Edn, 1985.

Course Outcomes:
The student will be able to – 

1. analyze the samples using analytical techniques like Conductometry, Polarography etc.

2.  identify the techniques to be used for the extraction of target analytes from a given sample matrix

3.  develop method parameters for the separation, quantitation of the components of given samples from industries


CH 42103 :: BIOENGINEERING
Credits: 03                                                                        Teaching Scheme: - Theory 3 Hrs/Week 

Unit 1: Biotechnology in the developing world                                                          ( 8 Hours ) 
Part A. The promise and potential of biotechnology, Impact of biotechnology in agriculture, food, chemical, medicine and public health products, livestock breeding and animal health.
Part B. Impact of biotechnology energy bioconversion and recycling of materials.
Unit 2: Introduction to biomass and Bio-chemicals                                                   ( 9 Hours ) 
Part A. Introduction to structure of cells, important cell of types, growth of microbial cells. Bio-chemicals: Primary, secondary, tertiary structure of biomacromolecules such as lipids, sugars and polysaccharides, nucleotides, RNA, DNA, amino acids, proteins, hybrid biochemical etc interactions of these molecules, The central Dogma of cell,  DNA replications, transcription, translation, metabolic regulations. 
Part B. Structure and functions of biomembranes, Osmoregulations interacting toxins, how cell senses its extra cellular environment.
Unit 3:
Major metabolic pathways  



                                         ( 7 Hours ) 
Part A. Bioenergetics, Glucose metabolism, respiration, control sites in aerobic glucose metabolism, metabolism of nitrogenous compounds, nitrogen fixation, metabolism of hydrocarbons, overview of biosynthesis.
Part B. Anaerobic metabolism, autotrophic metabolism.

Unit 4: Kinetics of Enzyme catalyzed reactions                                                          ( 9 Hours ) 
Part A. Enzyme substrate complex and enzyme action with example from industrial enzymes, simple enzyme, kinetics with one and two substrate. Michaelis-Menten kinetics. Models of enzymes kinetics with brief introduction, Protein denaturation by chemical agent and heat. Numerical problems based on theory.
Part B. Substrate activation and inhibition. Multiple substrates reacting on a single enzyme.

Unit 5:
Applied Enzyme Catalysis                                                                                 (7 Hours) 
Part A. Kinetics of substrate utilization, Cell in cell culture system. Theoretical predictions of yield coefficient. Death kinetics.
Part B. Production formation and biomass production in cell cultures.
Text Books 
1. “Biochemical Engineering”, Bailey, James E Ollis, Davis F, McGraw Hill.

2. ‘Bioprocess Engineering – Basic Concepts’, Shuler M. L. and F. Kaegi, Prentice Hall Publication ,2nd Edition 
Reference Books 
1. “Biochemical Engineering”, Aiba A-Humphery A.E., Mills N.F., Academic Press.

2. “Biochemical Reactors”, Atkinson B, Pion Ltd. London.

3. “Advances in Biochemical Engineering”, Ghosh T.K., et. Al., Vol.1/3, Springer Verlag 1971-74

4. “Enzyme Engineering”, Wingard L.B., Fr. Interscience N.Y. 1972. 

5. “Environmental Engineering”, Peavy H. S., Rowe D. R., Tchobanoglous G., McGraw-Hill, 1985. 

6. ‘Principles of Fermentation Technology’, P. F. Stanbury, A. Whitekar, S. J. Hall, Butterworth-Heinemann An Imprint of Elsevier, 2nd Edition.

Course Outcomes:
The student will be able to – 

1. describe impact of biotechnology on various sectors.

2. describe different types of biochemicals and DNA replication.

3. describe different types of biological pathways.

3. derive the kinetics  describe mechanism of biocataysis.

4. derive the kinetics and describe mechanism of growth cycle.

CH 42104 :: BIOTECHNOLOGY
Credits: 03                                                                    Teaching Scheme: - Theory 3 Hrs/Week 
Unit 1:   Applications of Bioprocesses in Chemical Industry                                    ( 8 Hours ) 

Part A: Discuss manufacturing process for major products produced by biochemical reactions such as vitamins B, alcohol, acetic acid and vinegar, acetone, lactic acid, citric acid, wine, proteins. Aerobic and anaerobic waste-water treatment.
Part B: Discuss manufacturing process for major products produced by biochemical reactions such as penicillin.
Unit 2:  Selection , scale-up and control of bioreactors                                              ( 7 Hours ) 

Part A: Overview of reactor types, scale up and its difficulties, considerations on aeration, agitation, and heat transfer, scale-up, scale-down chemostat and chemostat with recycle.
Part B: Bioreactor instrumentation and control
Unit 3:  Transport Phenomena in bioprocess system
                                         ( 8 Hours ) 

Part A: Modification in the design and analysis of chemical reactor as biological reactors. Computerized simulation of bioreactor. Fed batch reactor, CSTR, plug flow reactors, Reactor dynamics, reactor with non-ideal mixing sterilization of reactors, immobilized biocatalyst.
Part B: Multiphase bioreactors, fermentation technology 

Unit 4 : Biological Waste treatment processes                                                            ( 8 Hours ) 

Part A: Aerobic and anaerobic waste water treatment, dissolved oxygen balance, dissolved oxygen model, organic discharge and stream ecology, growth and food utilization, suspended culture system, activated sludge, ponds and lagoons.
Part B: Attached culture system. Microorganisms used, refractory chemicals.
Unit 5:
  Product recovery operations and  Bioprocess Technical aspects                ( 9 Hours ) 

Part A: Product recovery operations:- Dialysis, Reverse osmosis, ultra-filtration, and Micro-filtration, Chromatography, electrophoresis, electro dialysis. Technical aspects:-Bioprocess economics. Genetic information: potential uses and abuses, ideas and research, typical sequence of events, risk and rewards, 

.Part B: Crystallization and drying, patents and the protection of ideas.

Text Books 
(C) “Biochemical Engineering”, Bailey, James E Ollis, Davis F, McGraw Hill. ‘Bioprocess Engineering – Basic Concepts’, Shuler M. L. and F. Kaegi, Prentice 

(D) Hall Publication ,2nd Edition 
Reference Books 
1. “Biochemical Engineering”, Aiba A-Humphery A.E., Mills N.F., Academic Press.

2. “Biochemical Reactors”, Atkinson B, Pion Ltd. London.

3. “Advances in Biochemical Engineering”, Ghosh T.K., et. Al., Vol.1/3, Springer Verlag 1971-74

4. “Enzyme Engineering”, Wingard L.B., Fr. Interscience N.Y. 1972. 

5. “Environmental Engineering”, Peavy H. S., Rowe D. R., Tchobanoglous G., McGraw-Hill, 1985. 

6. ‘Principles of Fermentation Technology’, P. F. Stanbury, A. Whitekar, S. J. Hall, Butterworth-Heinemann An Imprint of Elsevier, 2nd Edition.

Course Outcomes:
The student will be able to – 

1. describe various bioprocesses in chemical industry.

2. describe various methods of scale up and  scale down processes of bioreactors.

3. describe and  design bioreactors.

4. describe and design biological waste water treatment processes in chemical industry.

5.  describe the separation and recovery operations in biochemical plants.
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CH 42105 :: CATALYSIS

Credits: 03



       
      Teaching Scheme: 03 Hours / Week
Unit 1:

Introduction to Catalysis




(08 Hours)

Part A: 
Introduction to Catalysis. Application to industrial processes – one example each from Inorganic, Fine organic chemical, petroleum refining, petrochemical and biochemical industries. Types of catalysis: Homogeneous Catalysis

Part B: 
Biocatalysts – enzymes, lipases and microbes as catalysts

Unit 2: 
Heterogeneous Catalysis




(08 Hours)

Part A:


Heterogeneous Catalysis: Introduction, Phase transfer and tri-phase catalysis, liquid – liquid and solid – liquid catalysis, mechanism, engineering problems, mass transfer considerations. Reactor types

Part B:
Mechanism of participation of enzymes in a few typical reaction.

Unit 3:

Mechanism






(08 Hours)

Part A: 
Gas – solid catalytic reactions. Adsorption theories and concept of active site.  Adsorption isotherm  and Langmuir – Hinshelwood approach., Diffusion effect. 

Part B:
Michaelis – Menten Kinetics for biocatalyst

Unit 4: 
Catalyst Preparation





(08 Hours)

Part A:

A. Preparation of catalysts – Supported metal and metal oxide catalyst. Major steps involved in catalysts preparation and formation. Physical methods of catalyst characterization for determination of surface area, pore volume and average pore size. BET equation
Part B:
Inhibition. Reactions and denaturation of two biopolymers

Unit 5: 
Zeolites






 (08 Hours)

Part A:
Zeolites – Structural considerations. Templeted molecular sieves, size and shape selectivity, 4 – 5 industrial applications of zeolites. Modification of zeolites.

Part B: 
Proteins and nucleic acids in biocatalyst

Text Books: (As per IEEE format)

1. Smith, J.M., ‘Chemical Engineering Kinetics’, 3rd ed., McGraw Hill, 1987.
2. Satterfield C. N ‘Heterogeneous Catalysis in Industrial Practices’, 2nd Edition McGraw-Hill International Editions, 1993. 

Reference Books: (As per IEEE format)

1. Bailey James and Davis Ollis, ‘Biochemical Engineering Fundamentals’, 3rd Edition, McGraw Hill, 1986.

2. Carberry J. J, ‘Chemical and Catalytic Reaction Engineering, 2nd Edition McGraw Hill, New York, 1976.

Course Outcomes:

The student will be able to – 

1. Classify and evaluate the different types the homogeneous catalysts used in the   

    chemical reactions.

2. Classify and evaluate the different types the heterogeneous catalysts used in the 

    chemical reactions.

3. Derive different mechanisms of gas-solid catalytic reactions and can fit the data for  

    different adsorption isotherms.

4. To evaluate the characteristics of catalysts by physical methods.

5. Design the homogeneous and heterogeneous catalytic reactors  

CH 42106 :: COMPUTATIONAL FLUID DYNAMICS
Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 

Course Outcomes:

1. Students will be able to write equations of fluid motion for a given flow process.

2. Students will be able to do structured and unstructured grid generation for a given flow process.

3. Students will be able to use finite volume method for a given flow process.

4. Students will be able to do one equation model, two equation models.
5.  Students will be able to solve flow problems using Eulerian-Eulerian (E-E) approach, Eulerian-Lagrangian approach (E-L) approach. 
Unit I             (8 Hrs) 

Basics of fluid dynamics and heat transfer`
A. Concepts of fluid flow, Different types of flows, conservation laws of fluid motion, Equations of fluid motion, pressure distribution in fluids, Differential and integral form of conservation equations, sonic and supersonic flows

B. Flow characteristics over various bodies, introduction to heat transfer, fluid boundary conditions, conjugate heat transfer solid and interface conditions
Unit II            (8 Hrs)

Introduction to CFD
A.  Philosophy of CFD, Basic steps in CFD, Governing equations of fluid dynamics and their physical meaning, Grid generation, Basic theory of structured and unstructured grid generation, Introduction to GAMBIT, Types of grid, quality checks for volume mesh, method of discretisation

B.  Methodology of handling CFD problem, Mono block and Multiblock grid, grid clustering and grid enhancement
Unit III            (8 Hrs)

Finite volume method    
A. Difference between Finite volume, Finite element and Finite difference methods, Finite volume method for diffusion problems, Finite volume method for convection-diffusion problem, Various schemes

B. Properties of discretisation schemes, Assessment criteria for various schemes
Unit IV            (8 Hrs)

Introduction to Turbulence Modeling
A. Introduction and background, Algebraic models, One equation models, Two equation models, Near wall treatment, Reynolds stress models, Eddy viscosity model

B.  Numerical simulations with different methods; LES, RANS, DNS
Unit V            (8 Hrs)

Introduction to Multiphase Modeling

A.  Fundamentals of Multiphase flows, Eulerian-Eulerian (E-E) approach, Eulerian-Lagrangian approach (E-L) approach, Volume of Fluid (VOF), Solving example problems

B.  Multiphase flow systems
Text Books 
1. Anderson J. D., “Computational Fluid Dynamics: The basics with applications”, Mc-Graw Hill, 1995

2. Ranade V.V. ,“Computational Flow Modeling for Chemical Reactor Engineering”, Process Engineering Science, Volume 5, 2001

3. Patankar S. V. ,“Numerical Heat Transfer and Fluid Flow”, Mc-Graw Hill, 1981

4. H.K. Versteeg & W. Malalasekera ,“An Introduction to Computational Fluid Dynamics”, , Longman Scientific & Technical, 1995

5. G. Biswas and V. Eswaran, Narosa Publishing House, “Turbulent Flows: Fundamentals, Experiments and Modeling”, New Delhi, 2002

.
Reference Books 
1. Knupp P., Steinberg S., “Fundamentals of Grid generation”, CRC Press 1994

2. Wesseling P., “An introduction to Multigrid methods”, John Wiley & Sons, 1992

3. Gatski T.B., Yousuff H., “Simulation and Modeling of turbulent flows”, Lumley J. L., Oxford University Press 1996.
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CH 42107 :: ENVIRONMENTAL ENGINEERING

Credits: 03



       
      Teaching Scheme: 03 Hours / Week
Unit 1: Introduction







(08 Hours)

Part A: An overview of environmental engineering, pollution of air, water and soil, impact of population growth on environment, environmental impact of thermal, hydro and nuclear energy, chemical pollution, solid wastes, prevention and control of environmental pollution.
Part B: Water and air pollution laws


Unit 2: Air Pollution- Sources, Effects and Measurement

(08 Hours)
Part A: . Definition of air pollution, sources scales of concentration and classification of air pollutants. Effects of air pollutants on human health, plants, animals, materials, economic effects of air pollution, sampling and measurement of air pollutants, particulate pollution: cleaning methods, collection efficiency, particulate collection systems, Basic design and operating principles of settling chamber, cyclone separator, fabric filter, electrostatic precipitator, gaseous pollution: principles of control.

Part B: Air pollution control standards: CPCB, MPCB, WHO

Unit 3: Water Pollution






(08 Hours)
Part A: Domestic and industrial wastewater, types, sources and effects of water pollutants. Waste water characteristics–DO, BOD, COD, TOC, total suspended solids, colour and odour, bacteriological quality, oxygen deficit, determination of BOD constants

Part B: Water quality standards: CPCB, MPCB, WHO

Unit 4: Waste Water Treatment





(08 Hours)
Part A: .  Primary and secondary treatment, design and basic operating principles of activated sludge process, sludge treatment and disposal, trickling filter. Advanced methods of waste water treatment, UASB, photo catalytic reactors, wet-air oxidation, and biosorption.

Part B: Pollutants and methods of waste water treatment


Unit 5: Tertiary Water Treatment and Solid Waste Management 
(08 Hours)
Part A: Tertiary treatment: disinfection by chlorine, ozone and hydrogen peroxide, UV rays, recovery of materials from process effluents, micro-screening, biological nitrification and denitrification, granular medium filtration, land Pollution: Sources and classification of solid wastes, disposal methods, incineration, composting, recovery and recycling.

Part B: Laws and standards of land pollution and noise pollution

Text Books: (As per IEEE format)
1. Kiely Gerard; Environmental Engineering; Special edition 2007., TataMcGraw-Hill
2. Metcalf and Eddy; Wastewater Engineering, Metcalf and Eddy; 3rd edition., Tata McGraw Hill Publishers
3. Rao C.S; Environmental Pollution Control Engineering”, Metcalf and Eddy; 2nd edition., New Age International (P) Ltd

Reference Books: (As per IEEE format)
1. Flagan R.C. and Seinfield J.H; Fundamentals of Air Pollution Engineering; 1988., Prentice Hall
2. Crowford Martin; Air Pollution Control Theory; 1st edition., McGraw Hill Publishers 

Course Outcomes:
The student will be able to – 

1. Indentify hazardous pollutants in the plant or area.

2. Design reduction method and pollution treatment technique.

3. Develop the analysis techniques for different pollutants.

4. To determine the pollution level with respect to the pollution standards.

5. Analyze the impact of various factors on the environment.

CH 42108 :: FOOD TECHNOLOGY

Credits: 03                                                                      Teaching Scheme: - Theory 3 Hrs/Week  

Unit I                                                                                                                                     (8 Hrs) 
Properties Of Food  And Processing Theory
A. Properties of liquid, solids and gases used in food processing, water activity, effect of processing on sensory, nutritional properties. Food safety, good manufacturing practices and quality assurance

B. Food processing scenario of India. Need of food processing in India.
Unit II                                                                                                                                    (8 Hrs)
 Ambient Temperature Processing
A.   Raw material preparations, size reduction, mixing and forming, separation and concentration of food components, fermentation and enzyme technology, irradiation, processing using electric field, high hydrostatic pressure, light or ultrasound.

B. Survey of fermented food, advantages and disadvantages of fermented food.
Unit III                                                                                                                                  (8 Hrs)
Processing By Application Of Heat
A: Heat Processing using steam or water, pasteurization, heat sterilization, evaporation and distillation, extraction, dehydration, dielectric, ohmic and infrared heating 

B. Baking, roasting and frying.
Unit IV                                                                                                                                  (8 Hrs)
Processing By The Removal Of Heat
A. Chilling, controlled or modified atmosphere storage and packaging, freezing, freeze drying and concentration

B. Ice cream manufacture flow-sheet and process
Unit V                                                                                                                                    (8 Hrs)
Post Processing Operation
A. Coating or enrobing, packaging, filling and sealing of containers, materials handling, storage and distribution.

B. Advertising of food products

Text Books 
1. “Food Processing Technology ” Fellows P., CRC Press New York, 2nd Edition, 2005.
Reference Books 
1. “Food and Food Production Encyclopedia” Considine D. M., VNR New York, 2nd Edition, 1992.

2. “ Fruit and Vegetable Preservation”, Singh N. P.Oxford Book Company Jaipur India 2000. 

3. “Post Harvesting Technology of Horticultural Crops” Simson S. P.  & Straus M.C.,  Oxford Book Company Jaipur India, 2002.

Course Outcomes:
The student will be able to – 

1. Understand need of food preservation and processing and food properties.
2. Understand ambient temperature operations for food preservation and processing.

3. Understand and select high temperature operations for food preservation and processing.

4. Understand and select low temperature operations for food preservation and processing.
5. Know the post processing operations, principles and equipment involved and its importance.

CH 42109 :: GREEN CHEMISTRY

Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 

Unit I            









 (9 Hrs) 

Green Chemistry : An Overview
A] Introduction, underlying philosophy and focus, Twelve principles of green chemistry & Green Engineering, Ten Commandments of sustainability, The Chemistry of the Atmosphere, The structure of the atmosphere, stratospheric chemistry

B] Environmental spheres, Tropospheric chemistry
Unit II           









 (9 Hrs)

Ecological Threats & Green Chemistry
A]The Greenhouse Effect, Climate Change,  photochemical smog,  Old Technology vis-à-vis Green Technology : Suitable examples to understand comparative advantage of Green Technology over Old one, Renewable resources, Process intensification

B] Pragmatic Green Chemistry Challenges  
Unit III           








 (9 Hrs)

Green Synthetic Methods & Catalysis
Green chemistry with new solvents, Catalytic methods in synthesis,  Synthesis in aqueous media,  Unconventional energy sources in synthesis,  Catalysis: history, hydrogenation, ammonia synthesis, catalyst types, basics of catalysis, transition states, examples, selectivity and engineering, atom economy, and atom efficiency, characteristics of general reaction types, Methanol reactivity, Catalysis and innovation, ionic liquids : Examples and properties, Supercritical fluids (SCFs): examples and properties, Extraction with SCFs, Solvent less reactions

B] Use of microwaves and sonic waves in Chemistry in isolation and coupled with solvent less reactions
Unit IV            








(9 Hrs) 

Green Chemistry & Nonconventional Fuels
Green chemistry in batteries, production and recycling,  Fuel cell and electric vehicles,  Solar energy and hydrogen production,  biodiesel, bio-hydrogen, Green batteries
B] Li ion batteries  

Unit V            









(9 Hrs) 

Green Chemistry & Sustainable development
Esterification: transesterification, autogeneous pressure of methanol, transesterification under supercritical conditions

Optimisation: catalyst concentration, methanol to oil ratio, reaction temperature, reaction time
B] Best practices in Green Chemistry for sustainable development with suitable examples 
Text Books 
2. Paul T. Anastas ;  “Green Chemistry – Theory and Practice”

3. Rashmi Sanghi, H.M. Srivastava; “Green Chemistry Environmentally Friendly Alternatives”, Narosa Publishing House, 2009.
Reference Books 
1. Zimmerman, J.B.; Anastas, P.T. “The 12 Principles of Green Engineering as a Foundation for Sustainability” in Sustainability Science and Engineering: Principles. Ed. Martin Abraham, Elsevier Science. available 2005

2. V.K. Ahluwalia; “Green Chemistry”, Ane Books India, 2008
Course outcomes : 
The student will be able to – 

1.  identify steps to be followed in developing   green synthesis lab

2.  calculate parameters for deciding upon the greenness of a chemical process

3.  apply the principles of Green Chemistry in chemical process optimization

4.  quantify yield & atom economy of the given  chemical process

5.  identify and apply best practices in Green Chemistry for sustainable development


CH 42110 :: MASS TRANSFER WITH CHEMICAL REACTION
Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week   
Course Outcomes:

The student will be able to – 

1. Implement principles of mass transfer and chemical reactions in chemical industries.

2. Understand different operating regimes in chemical reactor comprising of mass transfer and chemical reactions for design of reactor appropriately .

3. Analyse, identify and try to solve problems involved with absorption and pore diffusion.

4. Understand different types of contactors in chemical reactors with kinetics.

5. Apply knowledge of catalytic kinetics and deactivation with mass transfer.
Unit I            (8 Hrs)

Introductions

A. Different types of reactions with industrial examples, catalyst kinetics and reaction modeling, diffusion in solid catalysts 

B. slow reaction
Unit II            (8 Hrs)

Pore diffusion                    

A. Role of pore diffusion in simple and complex reactions 
B. Absorption of gas into two reactants
Unit III            (8 Hrs)

External mass transfer

A. Role of external mass transfer, mass transfer limitation effect, catalyst deactivation and experimental methods in catalytic kinetics.

B. Estimation of effective transport properties for external mass transfer
Unit IV            (8 Hrs)

Mass transfer accompanied by reversible and irreversible reactions  

A. Various regimes for mass transfer with irreversible and irreversible reactions and governing equations.
B. Absorption and reaction of two gases.
Unit V            (8 Hrs)

Fluid-Fluid system with solid catalyst

A. Examples, slurry reactor kinetics, procedure for kinetic determination, types of contactors and their relative merits
B bubble column reactor
Textbooks:
‘Heterogeneous Reactions: Analysis, Examples and Reactor Design Vol. 1 : Gas-solid and solid –solid reactions’, Doraiswami L. K. and  Sharma M. M John Wiley & Sons New York, 1984 

‘Heterogeneous Reactions: Analysis, Examples and Reactor Design Vol. 2 :Fluid-Fluid –solid reactions’, Doraiswami L. K. and  Sharma M. M John Wiley & Sons New York, 1984 

Reference Books: 
1. ‘Mass Transfer Operations’, Treybal, R.E.,  McGraw Hill, 1980.

2. ‘Elements of Chemical Reaction Engineering’, Fogler, S. H Prentice-Hall, 4th  Edition.,  2005.

CH 42111 :: NANOTECHNOLOGY

Credits: 03 Teaching Scheme: - 3 Hrs/Week

Unit I            (8 Hrs)

Introduction
Histroical development of nanotechnology.

Overview of nanotechnology. Global trends.

Overview of typical products in market utilizing nanotechnology.

Unit II            (8 Hrs)

Physics of Nanomaterials
Coverage of physics of materials appropriate for applications to nanotechnology
Unit III            (8 Hrs)

Characterisation of Nanomaterials
Microscopy techniques (SEM, TEM; STM, AFM),  spectroscopy techniques, XRD etc

Unit IV            (8 Hrs)

Synthesis / fabrication of nanomaterials
Top-down and bottom-up approaches for synthesis of nanomaterials

Unit V            (8 Hrs)

Applications of Nanotehcnology
Current and potential applications of nanotechnology. Biological nanomaterials. Nanoelectronics. Nanomachines & nanodevices etc.

Research directions. Economic, environmental and societal aspects of nanotechnology.

Unit VI            (8 Hrs)

Self Study
Detailed study of at least two commercial nanoproducts / nanotechnologies or research articles of your choice (not covered in the course)
Text Books:
1. “Nanoscale Science and Technology”, R.W. Kelsall, I.W. Hamley, M. Geoghegan, John Wiley and Sons, 2005.
2. “Introduction to Nanotechnology”, C.P. Poole Jr, F.J. Owens, Wiley India, 2006.
Reference Books :
1. “Springer Handbook of Nanotechnology”, B. Bhushan, ed., Springer, 2004.

Course Outcomes:
The students will be able to

1. describe history of nanotechnology and analyse current and future trends

2. understand basics of physics and chemistry involved in nanotechnology

3. explain the major characterization techniques used in nanotechnology

4. classify and describe various nanosynthesis methods

5. analyze any given nanotechnology product / process in terms of characterization techniques, synthesis methods and applications

CH 42112 :: NONCONVENTIONAL ENERGY SOURCES

Credits: 03                                                                                  Teaching Scheme: -  3 Hrs/Week

Course Outcomes:
The students will be able to – 

1. Quantify energy scene of supply and demand in India and the world.

2. Identify limitations in the applications of Solar Energy and different types of concentrators.

3. Analyze different types of process of generating biogas and advanced technologies.

4. Analyze the Wind and Tidal Power resources for generating electricity.

5. Identify  the energy generation from geothermal sources 

Unit I: Introduction







                 (8 Hrs)

A. Energy scene of supply and demand in India and the world, energy consumption in various sectors, potential of non-conventional energy resources.

B. Detailed study of the following sources with particular reference to India.

Unit II: Solar Energy



            


      (8 Hrs)

 A. Solar radiation and its measurement, limitations in the applications of Solar Energy, Solar collectors – types, and constructional details. Solar water heating, applications of Solar Energy for heating, drying, space cooling, water desalination, solar concentrators

B. Photovoltaic power generation using silicon cells.

Unit III: Bio-fuels







                  (8 Hrs)

A. Importance, combustion, pyrolysis and other thermo chemical processes for biomass utilization. Alcoholic fermentation

B. Anaerobic digestion for biogas production.

Unit IV: Wind and Tidal Power





                  (8 Hrs)

A. Wind Power: Principle of energy from wind, windmill construction and operational details and electricity generation and mechanical power production.

Tidal Power: Its meaning, causes of tides and their energy potential, enhancement of tides, power generation from tides and problems. Principles of ocean thermal energy conversion (OTEC) analysis

B. Sizing of heat exchangers for OTEC.

Unit V: Geothermal Energy, Energy Storage and Distribution


       (8 Hrs)

A. Geo technical wells and other resources dry rock and hot aquifer analysis

Importance, biochemical, chemical, thermal, electric storage. Fuel cells

B. Harnessing geothermal energy resources , distribution of energy

Text Books:
1. G.D. Rai; “Non-conventional Energy Sources”; Khanna Publishers, 2004.

2. S.P. Sukhatme, J.K. Nayak; “Solar Energy: Principles of Thermal Collection and Storage”; McGraw-Hill, 2009.

3. G.D. Rai; “Solar energy utilization”; Khanna Publishers, 2000.
Reference Books :
1. J. Twiddle, T. Weir; “Renewable Energy Resources”; Cambridge University Press, 1986.

2. F. Kreith,  J.F. Kreider; “Principles of Solar Engineering”; McGraw Hill, 1978.

3. J. A.Duffie, W.A. Beckman; “Solar Engineering of Thermal Processes”; John Wiley, 1980.

4. N. Veziroglu; “Alternative Energy Sources Volumes 5 & 6”;  McGraw-Hill, 1978.

5. S. Sarkar; “Fuels and Combustion”; Orient Longman, 2nd ed, 1989.

6. P.L. Diwakar Rao; “Energy Conservation Handbook”; Utility Publication Ltd., 1988.

CH 42113 :: PETROLEUM REFINING
Credits: 03 





Teaching Scheme: - Theory 3 Hrs/Week 

Unit I: Petroleum and Products






           (8 Hrs)

Part A. Petroleum composition, specifications of petroleum and some petroleum products such as LPG, Gasoline, Kerosene, Diesel oil and Engine oil.

Part B. Petrochemical products
Unit II:  Pre-refining Operations






           (8 Hrs)

Part A. Pre- refining operations such as, Settling, Moisture removal, Storage, Heating through exchangers and pipe seal heaters, Atmospheric distillation, Vacuum distillation.

Part B. Recent trends in petroleum in terms of Distillation
Unit III: Reforming and Cracking Units





           (8 Hrs)

Part A. Significant conversion units such as, Reforming, Cat-Cracking, Hydro-cracking and coking.

Part B. Recent trends in petroleum in terms Packing materials
Unit IV: Product Refining







           (8 Hrs)

Part A. Refining of petroleum products such as Acid refining, Chemical refining, Hydro-refining, HDS, HDM, HAD.
Part B. Recent trends in petroleum in terms Catalyst
Unit V: Post Production Operations            




           (8 Hrs)

Part A. Blending, Additives, Storage of products, Transportation, Housekeeping, Marketing of petroleum and petroleum products.
Part B Safety norms for petroleum products  

Textbooks:
1. Gary James, Handwerk, Glenn, Kaiser, Mark; ‘Petroleum Refining: Technology and Economics’; 5th Edition, Taylor and Francis - CRC Press, 2005.

2. Nelson W. L. ; ‘Petroleum refinery Engineering’ ; 3rd Edition, John Wiley & Sons New York, 1985

Reference Books: 
1. Meyers R. A.; ‘Handbook of Petroleum refining processes’; 3rd Edition, H Prentice-Hall,  2003. 

2. Speight J. G.  ; ‘Chemistry and Technology of Petroleum’; 4th Edition, Taylor and Francis - CRC Press, 1999.

Course Outcomes:
The students will be able to- 
1. Find out composition, main characteristics and new trends of petroleum products. 
2. Select pre-refining operation depending of feed composition.
3. Describe the role of various processing units in a refinery.
4. Select suitable refining technology for maximizing the gasoline yield
5. Know product refining operations to increase quality of petroleum products.

6. Develop knowledge of safety during storage, transportation and marketing of petroleum product.

CH 42114: PIPING ENGINEERING

Credits: 03



       Teaching Scheme: Theory 3 Hrs Hours / Week
Unit 1: Basics of Piping Engineering





(8 Hrs)
Part A:

Introduction to Piping Engineering - Role of Piping Engineers in EPC & Various Industries, Introduction to Process Plant Engineering-Piping In Process Plant, Classification of Pipes- Process Pipe, Line Pipe, Structural Pipe- Manufacturing methods, Piping Engineers Interaction with various departments, Engineering Flow Diagrams- BFD, PFD, P&ID, etc, Piping & Instrumentation Diagram, Piping Codes and Standards (ASME, IS, ANSI, DIN, BS ), Pipe Fittings- Basics,  Pipe Class Components, Statutory Regulations in Piping, Pipeline Sizing, Pumps and Compressors

Part B: 


Process Instrumentation from Piping Perspective
Unit 2: Piping Materials 







(8 Hrs)
Part A:

Piping Specifications, Piping Material and Selection Procedure, Valve Selection and specification. (Fluid & Hydraulic), Pipe Supports and Span calculation, Pipe Fittings Selection Procedure, Welding & Corrosion in Piping

Part B:

Piping Design Codes,- ASME B 31.3, ASME B 31.1, ASME B 31.4, ASME B 31.8

Unit 3: Pipe Stress Analysis







(8 Hrs)
Part A:

Material specifications & commonly used CS & SS materials for piping components, Fundamentals of SOM relevant to pipe stress analysis, Preliminary load calculations based on pressure and pipe / fluid weights. Primary & secondary loads. Concept of principal stresses, combined pipe stress analysis including weight analysis, thermal analysis, flexibility analysis & introduction to wind & seismic analysis.

Part B:

Expansion joints & expansion bellows including simple loop calculations

Unit 4: Piping System Design & Layout





(8 Hrs)
Part A:

Equipment Layout, Plot Plan Design & Requirement as per OISD, Dyke wall / Tank Form Layout, Piping G. A, Isometric with Bill of Material, Column/Tower Piping Layout, Condenser / Exchanger Piping Layout, Tank Piping & Pump Piping, Plot Plan / Plant Layout / Legends P & ID / Equipment Layout / Piping Plan & Elevation, General Arrangement of Pipe Racks

Part B:

Various piping drawings on AutoCAD or similar software

Unit 5: Steam Piping & IBR






(8 Hrs)
Part A:

Steam generation, Steam distribution, Steam Utilization, Condensate recovery, Thickness & Sizing Calculations, Reinforcement calculations, Pressure drop calculations

Part B: 


IBR Isometric drawing

Text Books: 
1. G. A. Antaki; Piping and Pipeline Engineering: Design, Construction, Maintenance, Integrity, and Repair; 1st Edition; CRC Press

2. John McCketta; Piping Design Handbook; 1st edition; CRC Press

Reference Books: 
1. Mohinder Nayyar; Piping Data Handbook; 1st edition; McGraw-Hill Professional

Course Outcomes:
The student will be able to – 

1. Learn basic concept of piping system design, piping codes and pipe fittings

2. Take decisions on piping materials selection and materials specifications  

3. Do the pipe stress analysis of critical lines

4. Design and layout piping system

5. Do basic steam piping calculations as per IBR 

CH 42115 :: Polymer Technology
Credits: 03 






Teaching Scheme: - Theory 3 Hrs/Week 
Unit I             (8 Hrs) 

Introduction to polymers, Molecular Weight Determination
A. Introduction and Classification of Polymers. Thermosets, Thermoplastics, Linear Branch, Cross Linked Polymers. Factors influencing the polymer properties. Monomers used for polymer synthesis. 

Molecular Weights, Mn, Mw, Mv, Polydispersity Index. Different Methods of determination of Molecular weight. Effect of Molecular weight on Engg. Properties of Polymers, Numerical based on theory.

B. Synthesis procedure for monomers Styrene, ethylene, Vinyl monomers etc.
Unit II            (8 Hrs)

Polymerization Processes and Techniques
A.  Addition & Condensation polymers, Polymerization Techniques, Bulk, Solution, Emulsion, Interfacial Polymerization with their merits & Demerits. Smith Ewart Kinetics for emulsion polymerization.

B.  Suspension Polymerization
Unit III            (8 Hrs)

Kinetics and Mechanism of Polymers Synthesis
A. Kinetics of free radical polymerization (initiation propagation & termination.) Kinetic of Step growth polymerization. Copolymers & its Kinetics Coordination Polymerization. Ziegler Natta polymerization Processes

B. Chain transfer agents.
Unit IV            (8 Hrs)

Polymerization reactors
A. Polymerization reactors, types and mode of operation. Polymerization reactor design, control of polymerization, Post polymerization unit operations and unit processes High Performance and Specialty Polymers,Polymer additives, compounding. Fillers plastisizers lubricants colourants Different moulding methods of polymers

B.Polymer Additives: UV stabilizers, fire retardants, antioxidants.
Unit V            (8 Hrs)

Polymers and  commercial synthesis procedures

A.  Mechanical Properties of Polymers, Thermodynamics of Polymer Mixtures, ASTM and ISO methods for testing of polymers Manufacturing of typical polymers with flow-sheet diagrams, their properties & applications : PE, PP, Polyesters, Nylons, PC Thermosets like Epoxies, unsaturated polyesters, phenolics, etc.

B. Polystyrene, ABS, Environmental issues, economics

Text Books 
1. Odian, G., 'Principals of Polymerization', Wiley-Interscience, 4th Edition, 2004.
2. Gowarikar, V.R., 'Polymer Science', New Age International, 2010.
Reference Books 
1. Fried, J. 'Polymer Science and Technology', Prentice Hall, 2nd edition, 2003.
2. Brydson, J.A., 'Plasitc Materials', Butterworth-Heinemann, 7th edition, 1999.

Course Outcomes:
Students will be able to 

1. explain various different ways of classifying polymers

2. explain structure-property relationships of polymers

3. derive expressions for quality and quantity variables based on polymerization kinetics

4. design polymerization reactors

5. describe major commercial polymers in terms of their structure, properties, manufacturing techniques, economics and environmental considerations 

CH 42116 :: Industrial chemistry
Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 

Unit 2                                                                                                                                      8 Hrs
A) The Petrochemical Industry : Petroleum Refining , Distillation, Cracking,  Reforming, Hydrotreating, Alkylation and Isomerization, Steam Cracking Ethylene-Based Processes : Ethylene Oxide and Ethylene Glycol, Polyethylene

B) Vinyl Chloride and PVC
Unit 3                                                                                                                                     8 Hrs
Pollution Control : Automotive Exhaust Emission Control Synthesis Gas Processes : Synthesis Gas Production, Steam Reforming, Shift Reactions, Methanation, Ammonia Synthesis, Oxidation, Nitric Acid, Fertilizers

B) Methanol – Synthesis, Derivatives, Formaldehyde, Acetic Acid.
Unit 4                                                                                                                                     8 Hrs
A) From Green to Sustainable Industrial Chemistry 
Introduction, Green versus Sustainable Chemistry, Sustainability through Chemistry, Role of Catalysis, Sustainable Industrial Chemistry, Principles of Green Chemistry, Sustainable Chemistry and Risk, Sustainable Risk: Reflections Arising from the Bhopal Accident, Risk Assessment and Sustainable versus Green Chemistry, Inherently Safer Process Design, On-Demand Synthesis and Process Minimization, Replacement of Hazardous Chemicals and Risk Reduction, Replacement of Hazardous Chemicals: the Case of DMC, Final Remarks on Sustainable Risk, case studies and Sustainable Industrial Chemistry, Safety and Sustainability of Chemicals, International Chemicals Policy and Sustainability, Sustainable Chemistry and Inherently Safer Design, A Vision and Roadmap for Sustainability Through Chemistry, Bio-Based Economy, Energy, Healthcare, Information and Communication Technologies, Nanotechnology.

B) Methods and Tools of Sustainable Industrial Chemistry through Process Intensification.
Unit 5                                                                                                                                     8 Hrs
A) Methods and Tools of Sustainable Industrial Chemistry: Catalysis 
Introduction, Catalysis as Enabling Factor of Sustainable Chemical Production,  Homogeneous Catalysis and the Role of Multiphase Operations, Multiphase Operations: General Aspects, Aqueous Biphase Operations, Organic Biphase Operations, Catalysts on Soluble Supports, Fluorous Liquids,  Ionic Liquids, Supercritical Solvents, Supported Liquid Films, Multiphase Homogeneous Catalysis for Sustainable Processes,  Bio- and Bioinspired-Catalysts, Industrial Uses of Biocatalysis, Advantages and Limits of Biocatalysis and Trends in Research, Biocatalysis for the Pharmaceutical Industry, Biocatalysis for Sustainable Chemical Production, Biocatalysis in Novel Polymers from Bio-Resources, Progresses in Biocatalysis, Biomimetic Catalysis. Membrane Technologies at the Service of Sustainable Development Through Process Intensification.  

B) Sustainable Quality of Life, Sustainable Product and Process Design, Transport,  Risk Assessment and Management Strategies, Accounting for Chemical Sustainability.
Text books : 
1. H.A. Wittcoff, B.G. Reuben, and J.S. Plotkin, Industrial Organic Chemicals,” Wiley-Interscience,  2nd ed., 2004.

2. Fabrizio Cavani, Gabriele Centi, Siglinda Perathoner, Ferruccio Trifiro, Sustainable Industrial Chemistry, Wiley-VCH, IInd Edn., 2009.
3. Roger Arthur Sheldon, Isabel Arends, and Ulf Hanefeld, Green Chemistry and Catalysis, Wiley-VCH, IVth Edn., 2007.
Reference books : 
1. Philip J. Chenier, Survey of Industrial Chemistry, Kluwer Academic / Plenum Publishers, IIIrd Edn., 2002.
2. J. S. Arendt, D. K. Lorenzo, Evaluating Process Safety in the Chemical Industry, American Chemistry Council, Ist Edn., 2000.

Course outcomes :

The student will be able to – 

1. evaluate the chemical reaction based on parameters like economic, kinetic, and thermodynamic feasibility

2.  develop pathways to synthesize industrially important chemicals on pilot scale.

3.  identify the steps in achieving the sustenance in the reactions

4.  calculate the product yield and atom efficiency in a given chemical process

5. Assess sustainability of a given chemical process 

CH 42117 :: BIOCHEMICAL ENGINEERING
Credits: 03                                                                        Teaching Scheme: - Theory 3 Hrs/Week 

Unit I                                                                                                                                 (7 Hours) 
Overview of Biological Basics
Part A. Types of cells, types of microorganisms, cell constructions, cell nutrients, metabolic pathways.
Part B. Indian scenario of bioprocesses 
Unit II                                                                                                                               (9 Hours)
 Enzyme and Enzyme Kinetics
Part A. How enzymes works, model, mechanisms, rate expression, enzyme immobilization, its kinetics, industrial utilization of enzymes

B. International Nomenclature of enzymes and microbes
Unit III                                                                                                                            (8 Hours)
Traditional Industrial Bioprocesses
Part A: Anaerobic Bioprocesses – Ethanol Production, lactic acid production, Acetone Butanol production. Aerobic processes – Citric acid production, Production of Baker’s yeast, Production of Penicillins, Production of High Fructose Corn syrup
Part B. Wine manufacture
Unit IV                                                                                                                           (8 Hours)
Bioreactors
Part A.  Selection of bioreactors, scale up problems, considerations of aeration, agitation, and heat transfer, bioreactor instrumentation and control, sterilization
Part B. Death kinetics of microorganisms
Unit V                                                                                                                            (8 Hours)
Bioprocess Considering Plant Cell Culture and Genetically Engineered Organisms
Part A. Bioreactors for suspension cultures and immobilized cell cultures, economics. Guidelines for choosing host vector system in case of genetically engineered microorganisms. Process constrains: genetic Instability, Regulatory constrains.
Part B. Comparison of plant cell cultures and microbes
Text Books 
(E) “Bioprocess Engineering Basic Concepts” , Shular M. L., Kargi F.Prentice Hall India, 2nd Edition, 2003.

Reference Books 
1. “Biochemical Engineering”, Bailey J. E , Ollis  D. F.,  McGraw Hill Publication, 2nd Edition, 2002.

2. “Bioprocess Engineering Principles” Doran P. M., Academic Press, 1st Edition, 2011.

Course Outcomes:
The student will be able to – 

1. describe different types of biochemicals and metabolic pathways.

2. derive the kinetics  describe mechanism of biocataysis.

3. describe various types of bioprocesses.

3. design bioreactor and scale up of reactors..

4. describe cell culture and genetically modified organisms.

CH 42118 :: Solid State Chemistry

Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 

Unit I : Crystal Chemistry








[8 hrs]
A] A brief introduction to crystallography, Lattices, unit cells, symmetry, point groups, space groups, Packing: CCP, HCP, voids, radius ratio rules, Bonding in crystals: ionic, covalent, metallic, van der Waals, hydrogen bonds, Description of crystal structures: metallic & nonmetallic structures, AB, AB2, AB3 (ReO3), spinels, pyrochlores, perovskites, K2NiF4 etc.
Pauling’s rules for ionic crystal structures and the concept of bond valence

B] Methods of crystallography; powder, single crystals, X-ray, neutron and electron diffraction
Defects in solids









[8 hrs]
A] Origin of defects in crystals, Types of defects: equilibrium, non-equilibrium, point, line, planar Nonstoichiometric solids: evolution of point defects in non-stoichiometric solids, Wadsley defect, Experimental methods for investigating defects in solids, Case study of extended defects: crystallographic shear, Magneli phases, defect perovskite oxides.
Electronic structure of solids - Atoms to molecules to crystals; orbitals to bonds to bands, Electronic structure of crystalline solids, elementary band theory: metals, insulators and semi-conductors

B] Transport property measurement techniques: electrical resistivity, thermopower, Hall effect
Unit II Magnetism









[8 hrs]
A] Atomic magnetism and cooperative magnetism: dia-, para-, ferro-, antiferro- and ferrimagnetism – Curie, Curie-Weiss laws – Magnetism of d vs. f metal compounds, Magnetic measurements, susceptibility, neutron diffraction.

B] Application of Magnetic materials
Unit III : Synthesis of Solids and Phase transitions




[8 hrs]
A] Chemistry behind synthesis; intercalations; synthesis/preparation of single crystals; hydrothermal methods; bio-mineralization, Classification: nucleation, growth models, martensitic transitions, Landau theory: examples, ferroelectrics, multiferoics

B] Methods of synthesis of Ferroelectrics, multiferoics
Unit IV : Solid state ionics








[8 hrs]
A] Ionics, mixed conductors, measurements Devices: Batteries and Fuel cells, Framework Solids   Zeolites, Aluminophosphates and related structures; Metal-organic framework compounds – their structures and properties

B] Applications of Metal-organic framework compounds
Unit V : Functional Molecular Materials : Theory and Applications


[8 hrs]
A] Basic concepts in conducting polymers, synthesis of conducting  polymers (PANI, PTh, PPV, etc.), characterization methods of polymers: spectroscopic (NMR, PL, UV-VIS, etc.) and electrical (including impedance spectroscopy) techniques; copolymers, blends and composites, illustrative examples using useful polymers; physical and chemical properties of polymers:  structural correlations with  glass transition temperature, crystallinity,  viscoelasticity of polymers;  electronic and ionic conductivity in polymers, factors affecting conductivity, mechanisms of electronic and ionic transport (including ion association); polymer electrochemistry

B] Applications of Functional Molecular Materials in diverse fields
References
1) A.R. West, Solid State Chemistry and its applications
2) D.M. Adams, Inorganic Solids
3) A.K. Cheetham and P. Day, Solid State Chemistry : 1. Techniques and 2. Applications
4) P.A. Cox, The electronic structure and chemistry of solids
5) P.A. Cox, Transition metal oxides


Texts : 

1) R.C. Evans, An Introduction to crystal chemistry
2) A.F. Wells, Structural Inorganic Chemistry
3) N.N. Greenwood, Ionic crystal, lattice defect and non-stoichiometry
4) L. Smart and E. Moore, Solid state chemistry : An introduction
5) C. Kittel, Introduction to solid state physics
6) J.K. Burdett, Chemical bonding in solids
7) C.N.R. Rao and J. Gopalakrishnan, New directions in solid state chemistry
8) C.N.R. Rao, Chemical approaches to synthesis of inorganic materials 
Course Outcomes :

Students will be able to -

1.  correlate the structure and properties of solids

2.  identify suitable methods for the synthesis of structural solids

3.  characterize different kinds of materials

4. quantify the effect of crystal defects on properties & uses of solids
5. interpret the data of characterization of materials
CH 42119 :: Supramolecular Chemistry
Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 
Unit I : An Introduction to Supramolecular Chemistry




[8 hrs]
A] Origins, Supramolecular Chemistry and Nanotechnology, Fundamental Supramolecular Interactions - Covalent Bonds, Reversible Covalent Bonds, Ionic Interactions, Ion-Dipole Interactionsm,  Dipole-Dipole Interactions, Hydrogen Bonds,  Cation-π Interactions, π–π Interactions,  van der Waals Forces, Hydrophobic Effects, Supramolecular Components - Supramolecular Complexes from Simple Ligands,  Macrocycles, Supramolecular Entanglements - Catenanes and Rotaxanes, Grids, Dynamic Combinatorial Libraries

B] Observing Supramolecules -  Isolation, Detection
Unit II  Supramolecular Chemistry and the Life Sciences



[8 hrs]
A] Life as a Supramolecular Phenomenon,  Supramolecular Interactions in Biological Systems like AminoAcids, Proteins, Sugars, Glycoproteins, Lipids etc., Self-Replication as the Key to Life – Replicators, Replicator Evolution, Orthogonal Translation, etc.,  Supramolecular Chemistry and the Origin of Life, Compartmentalization:The Lipid World, Catalysis:The Iron-Sulfur World, Self-Replication:The RNA World, Supramolecular Biology and Synthetic Biology

B] Artificial Cells - Cells as Capsules , Natural Capsules, unnatural capsules, synthetic cells. 
Unit III  Supramolecular Enzyme Mimics 





[8 hrs]
A] Enzymes -  Metal Complexes as Enzyme Mimics, Enzymes and Their Supramolecular Analogues, Haemoglobin, Myoglobin and Their Models, Cytochromes, Protection from Radicals: Catalytic Pro- and Antioxidants,  Copper-Containing Enzymes,  Zinc-Containing Enzymes,  Photosynthesis and Artificial Leaves,  Cyclodextrins as Artificial Enzyme Supports,  Model Enzymes that do not Require Metals,  Molecularly Imprinted Polymers

B] Combinatorial Polymers, De novo Design and Evolutionary Development of Enzymes
Unit IV Diagnostic Applications 







[8 hrs]
A] Applications of Supramolecular Chemistry in Medical Diagnostics, Design Principles, Supramolecular Sensors, Optical and Fluorescent Biosensors, Electrochemical Sensors, MacrocyclicComplexes for Imaging, In vivo Imaging: Magnetic Resonance Imaging Agents, Other Supramolecular Sensors

B] Applications of Supramolecular Chemistry in Therapeutic & other areas

Unit V Bionanotechnology, Nanomedicine and the Future 



[8 hrs]
A] Bionanotechnology ,  The Unnatural Chemistry of DNA, Molecular Muscles, Nanomedicine , Labelling with Nanoparticles,  DNA Fingerprinting, Full Genome Sequencing, DNA Sequencing in Real Time, Therapeutic Multimodal  Nanoparticles , CellMimics as Drug Delivery Vehicles, Polymer Encapsulated siRNA Delivery, Drug Delivery by Particle Disintegration, Minicells as Drug Delivery Systems,  Supramolecular Protein Engineering, Antimicrobial Limpet Mines, Future Directions, Medicinal Nanodevices,  Powering Nanodevices,  Functional Nanodevices,  Verification of Treatment,  Nanodevice Control

B]  Supramolecular Chemistry and Nanomedicine 

References : 
1. Peter J. Cragg, Supramolecular Chemistry From Biological Inspiration to Biomedical Applications, Springer (2010)
2. Jonathan W. Steed, David R. Turner, Karl J. Wallace, Core Concepts in Supramolecular Chemistry and Nanochemistry, John Wiley & Sons Ltd. (2007)
3. Supramolecular chemistry Authors: Steed & Atwood Publisher: Wiley

Text : 
1. Yanhua Lan, “Supramolecular Chemistry: General Principles, Selected Examples and 

          Applications”, Wiley (2009). 

2.Jean-Marie Lehn, “Supramolecular Chemistry: Concepts and Perspectives” VCH 1995).

Course Outcomes :

Students will be able to -
       1. identify the non-covalent forces and its reflection upon material properties.

       2. diagnose the synthetic materials for its compatibility with biomaterials

       3. correlate  Supramolecular Chemistry with Nanochemistry

       4. apply the knowledge of supramolecular Chemistry in developing nanoscale systems

       5. identify the application areas for the synthesized materials
CH 42120 :: Nanochemistry

8. Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week 
Unit I : Synthesis and Stabilization of Nanoparticles          


[8 hrs]
A] Introduction to Nanochemistry, Chemical Reduction, Reactions in Micelles, Emulsions, and Dendrimers, Photochemical and Radiation Chemical Reduction, Physical Methods, Particles of Various Shapes and Films
B] Cryochemical Synthesis of nanoparticles
Unit II : Experimental Techniques






[8 hrs]
A] Electron Microscopy, Transmission electron microscopy, Scanning electron microscopy

Probe Microscopy, Diffraction Techniques, X-ray diffraction,  Neutron diffraction

Miscellaneous Techniques – EXAFS,  X-ray fluorescence spectroscopy,  Mass spectrometry,

Photoelectron spectroscopy, Comparison of Spectral Techniques Used for Elemental Analysis

B] Scanning Tunneling Microscopy (STM), Atomic force Microscopy (AFM)
Unit III : Cryochemistry of Metal Atoms and Nanoparticles


[8 hrs]
A] Reactions of Magnesium Particles, Grignard reactions, Activation of small molecules, Explosive reactions, Silver and Other Metals,  Stabilization by polymers,  Stabilization by mesogenes, Reactions of Rare-Earth Elements, Activity, Selectivity, and Size Effects,  Reactions at super low temperatures,  Reactions of silver particles of various sizes and shapes, Theoretical Methods

 General remarks, Simulation of the structure of mixed metallic particles.

B] Simulation of properties of intercalation compounds,  Simulation of structural elements of organometallic co-condensates
 Unit IV : Group of Carbon & Size Effects in Nanochemistry



[8 hrs]
A] Fine Particles of Carbon and Silicon,  Fullerenes,  Carbon Nanotubes,  Filling of tubes,  Grafting of functional groups. Tubes as matrices,  Intercalation of atoms and molecules into multi-walled tubes, Models of Reactions of Metal Atoms in Matrices,  Melting Point,  Optical Spectra,  Kinetic Peculiarities of Chemical Processes on the Surface of Nanoparticles

B] Thermodynamic Features of Nanoparticles
Unit V : Nanoparticles in Science and Technology




[8 hrs]
A] Catalysis on Nanoparticles,  Oxide Reactions,  Semiconductors, Sensors, and Electronic Devices

 Photochemistry and Nanophotonics,  Applications of CNTs,  Nanochemistry in Biology and Medicine

B] Applications of nanoparticles in diverse fields with special reference to Fullerenes, CNT’s.

References :
1) Ludovico Cademartiri, Geoffrey A. Ozin, “ Concepts of Nanochemistry”, John Wiley & Sons, 2009.
2) A. K. Haghi, M. R. Saboktakin, “ Modern Nanochemistry: Synthesis, Properties and Applications”, Nova Science Publishers, Incorporated, 2013.

3) Peidong Yang,  “The Chemistry of Nanostructured Materials”, World Scientific, 2003.
Text  : 
1) G. B. Sergeev, :Nanochemistry”, Elsevier publishers, 2006.
2) Geoffrey A. Ozin, André C. Arsenault, Ludovico Cademartiri, “ Nanochemistry: A Chemical Approach to Nanomaterials”, Royal Society of Chemistry, 2009.

Course Outcomes :

Students will be able to -
1. apply knowledge of mathematics, science, and engineering in the synthesis of nanomaterials

2. design and conduct experiments, as well as to analyze and interpret data of nanomaterials

3. identify, formulate, and solve engineering problems

4. develop and apply the techniques, skills, and modern engineering tools for nanochemistry

5. synthesize application specific nanomaterials
Honors in Chemical Engineering

Semester V (T.Y. B.TECH.)
	Subject Code
	Subject Name
	 Teaching Scheme 

(Hrs/ week)
	Credits

	
	
	Lect.
	Tutorial
	Practical
	

	CH38103
	Chemical Engineering Optimization
	3
	0
	0
	3


Semester VI (T.Y. B.TECH.)
	Subject Code
	Subject Name
	 Teaching Scheme 

(Hrs/ week)
	Credits

	
	
	Lect.
	Tutorial
	Practical
	

	CH38104
	Process Modeling and Simulation
	3
	0
	0
	3

	CH38402
	Seminar (See Note below for options)
	0
	0
	2
	2


Semester VII (FINAL YEAR B.TECH.)
	Subject Code
	Subject Name
	 Teaching Scheme 

(Hrs/ week)
	Credits

	
	
	Lect.
	Tutorial
	Practical
	

	CH48103
	Advances in Chemical Engineering
	3
	0
	0
	3

	CH48405
	Industrial Training (See Note below for options)
	0
	0
	2
	2

	CH48403
	Comprehensive Viva Voce (See Note below for options)
	0
	0
	0
	2


Note: 

Students need to register for Aany two of the following three courses:

(F) CH38402 Seminar (See Table for Semester VI above)

(G) CH48405 Industrial Training (See Table for Semester VII above)

(H) CH48403 Comprehensive Viva Voce (See Table for Semester VII above)

CH 38103 ::CHEMICAL ENGINEERING OPTIMIZATION

Credits: 02                                                                     Teaching Scheme: - Theory 2 Hrs/Week
Outcomes:
The student will be able to – 

1. Optimize the process objective function based on different types of constraints.

2. Calculate the search operation of optimization related problem based on different methods like simplex method

3. Problem solving using Linear Programmming

4. Design of chemical equipments.

5. Solving the problem of unimodal and multimodal function.
Unit I:  Basic Concept of optimization: 




                  [7  Hrs]
 A.  Continuity of functions, Unimodal  Versus Multimodal functions, Convex and Concave Functions, Convex Region, Necessary and sufficient conditions  for an Extremum of an Unconstrained function.

B.  Interpretation of the objective function in terms of its quadratic approximation.
Unit II: Optimization of Unconstrained functions: One dimensional Search         [5 Hrs]
A. Scanning and Bracketing Procedure. Newton, Quasi-Newton and Secant methods of Uni-dimensional Search. Elimination method: Exhaustive Search, Dichotomous Search, Interval  Halving  Method

B. Golden Section Method,
Unit III: Unconstrained multivariable Optimization:


                [5 Hrs]
A. Direct Method: Random Search Method, Simplex Method: Reflection, Expansion and contraction.

Indirect Method (1st Order): Gradient Method.

B. Indirect Method (2nd Order):  Newton Method
Unit IV: Linear Programming and Applications


            
    [6 Hrs]
A. Basic Concepts of Linear programming, Natural occurrence of Linear Constraints, Simplex Method of solving LP problems.

 B. Duality in Linear Programming 
Unit V: Application of Optimization





    [5 Hrs]
A. Optimal Design and Operation of Distillation Column, Formulation of Chemical reactor optimization problems.

B. Optimal pipe diameter
Text Books:
1.  T.F. Edgar; “Optimization of Chemical Processes”;  McGraw Hill, 1989.

2.  S.S.Rao, “Engineering Optimization-Theory and Practice”, New Age International.    

     Publishers, 2010
Reference Books:
1. K. Urbaniec and C. McDermott; “Optimal Design of Process Equipment”, John Wiley, 1986

 

CH 38102 :: PROCESS MODELING AND SIMULATION
Credits: 02  Teaching Scheme: - Theory 2 Hrs/Week 
Course Outcomes:

1. Students will be able to write continuity equations, energy equations  for various chemical processes.

2. Students will be able to do mathematical modeling for heat exchangers, agitated vessels,pressure change equipments.

3. Students will be able to write the modeling equations for distillation columns, drying equipments.

4. Students will be able to do mathematical modeling for plug flow reactor, batch reactor, continuos stirred tank reactor etc.
5.  Students will be able to solve modeling equations using numerical Methods.
Unit I             (6 Hrs)

Introduction to Modeling and Fundamental Laws
A. Introduction, definition of Modeling and simulation, different types of models, application of mathematical modeling, scope of coverage, Continuity equation, energy equation.

B. equation of state, phase and chemical equilibrium, chemical kinetics
Unit II            (5 Hrs)

Heat Transfer and Other Equipments

A. Heat exchangers, evaporators, pressure change equipments, mixing process
B. fluid – solid operations
Unit III            (6 Hrs)

Mass Transfer Equipments

A. Flash distillation, differential distillation, continuous binary distillation in tray and packed column, vaporizers, single phase and multiphase separation, multi-component separation,
B. adsorption, absorbers and strippers
Unit IV            (6 Hrs)

Reaction Equipments

A. Batch reactor, Semi batch reactor, Continuous stirred tank reactor, Plug flow reactor, Bubble column reactor.

B. Bioreactors, Reactors used in effluent treatments, Fluidized bed reactor
Unit V            (5 Hrs)

Applications and Solution of Mathematical Modeling 

A. Applications of modeling and simulation in distillation, Transient analysis of staged absorbers, unsteady state analysis in reactor system, Use of numerical methods to solve different models.

B. Linearization of non-linear processes
Text Books 
1. Luyben W. L., “Process Modeling Simulation and Control for Chemical Engineers”, McGraw Hill, 1988.

2. John Ingam, Irving J. Dunn., “Chemical Engineering Dynamic Modeling with PC simulation”, VCH Publishers.
Reference Books 
1. Davis M. E., “Numerical Methods and Modeling for Chemical Engineers”, Wiley, New York, 1984.

2. Chapra S.C., R.P. Canale ,“Numerical Methods for Engineers”, , McGraw-Hill Publishing Company Limited, New Delhi, India, 2000.

3. Himmelblau D., K.B. Bischoff ,“Process Analysis and Simulation”, ,John wiely & Sons. 

4. Franks R.E.G., “Modeling and Simulation in Chemical Engineering”, Wiely Intrscience, NY
CH 48103 :: ADVANCES IN CHEMICAL ENGINEERING
Credits: 03 Teaching Scheme: - Theory 3 Hrs/Week  

Course Outcomes:
	The student will be able to – 



	1. Implement advance fundamentals of chemical engineering in process industries.

2. Work on separations, process control, process intensification and integration techniques in chemical industry

3. Apply advance knowledge of processes happening in chemical industry 

4. Designing and developing new reactors, process intensifying equipments and process integration equipments such as heat exchangers.

5. Developing lab based and industry based processes. 


Unit I             (8 Hrs) 
Novel Separation Techniques
A. Separation using novel extraction processes such as liquid membranes, ionic solvents, separation coefficient, mathematical modeling. Membrane separation techniques and equations for flux, melt crystallization for separation, phase diagram, separation coefficient and techniques.

B. Supercritical fluid extraction
Unit II            (8 Hrs)
 Novel Reactors In Chemical Industry
A.   Fluidized bed reactor and design, micro-reactors concept, applications, advantages and design considerations, solid state fermentor, applications, design considerations and design equations.

B. Reactor with ultrasound.
Unit III            (8 Hrs)
Advance Process Control
A. Multivariable control, model predictive control, distributed control system, Industrial applications.
B. Adaptive control technique
Unit IV            (8 Hrs)
Process Intensification
A. Examples of process intensification, advantages, modeling of some of such techniques

B. Reactive distillation 
Unit V            (8 Hrs)
Process Integration
A. Various process integration techniques used in Industry, advantages, mathematical modeling, case studies. 

B. Pinch technology
Text Books 
“Perry’s Chemical Engineering Handbook”, Perry R.H., Green O. N., Malory J. O., McGraw Hill Publication, 7th Edition, 1997.

“Handbook  of Separation Techniques ” , Schweitzer P. A., McGraw Hill Publication, 3rd Edition, 1997. 
Reference Books 
1. “Encyclopedia of Chemical Technology” Kirk O’thmer, Willy Interscience, Canada, 2004.

CH 48405 :: INDUSTRIAL TRAINING
Credits: 02



   
    Teaching Scheme: Laboratory 2 Hrs/Week
List of Practical

Students will visit industries such as below mentioned chemical process industries in Maharashtra or anywhere in India. They will study one or more complete process while visiting the industry. Also they will make detailed report of the visit immediately after visiting the industry. 

Text Books 

1. M. Gopala Rao, Marshall Sittig; Dryden’s Outlines of Chemical Technology- For the 21st Century; Third Edition; Affiliated East-West Press Pvt Ltd; New Delhi
Reference Books 

1. Austin, George T.; Shreve's Chemical Process Industries; Fifth Edition; McGraw-Hill

Course Outcomes:
The student will be able to – 

1. practically apply concepts of chemical engineering

2. work in a team and deliver presentation of the process learnt

CH 38402 :: SEMINAR

Credits: 02 
Course Outcomes

1. The student will be able to write a technical report.

2. The student will be able to present any chosen topic.

3.The student will be able to do literature survey of a given topic.

4.The student will be able to use modern audio visual techniques at the time of presentation.

5. The student will be able to convey the content of any chosen topic.
Contents:
Seminar should be based on any latest engineering topic allotted to a group of students. The topic may be defined by the guide in discussion with the group. 

Students may undertake studies in research survey, literature review and analysis, synthesis, design and development, generation of new ideas and concept, modification in the existing process/system, development of computer programs, solutions, modeling and simulation related to the subject. Topics of interdisciplinary nature may also be taken up. A detailed literature survey is expected to be carried out as a part of the work. The group of students is required to choose the topic in consultation with the Guide. 

A technical report is required to be submitted at the end of the term and a presentation made based on the same. Modern audio-visual techniques may be used at the time of presentation.
Text Books 
1. B.A. Bhanvase ,“Project Writing Manual”, Chemical Engineering Department, VIT, Pune
Reference Books: Nil

ACADEMIC INFORMATION

A) Mid Semester Examination

1. Students reporting in morning slot will have examination in morning slot. Those in evening slot will have examination in evening slot.

2. 20 multiple choice based questions to be attempted in 30 minutes x no. of theory courses i.e. 100 questions in 150 minutes for F.E., 80 questions in 120 minutes for S.E., T.E.,B.E.,M.E., 20 questions in 30 minutes for Honors, Minor, Fast Track, etc.

3. A scrambled mix of questions will be generated through software.

4. Mid Semester Examination will be based on Unit II & Unit III. 

5. There will be one mark for each correct answer and (-) 0.25 marks for every wrong answer.

6. For a typical 3 hour Mid Semester Examination, first 15 minutes would be used for student attendance, record keeping, seat allocation, log in procedure if any, etc. Next 150 minutes for actual examination. A timer indicating time remaining to be provided by ERP. 15 minutes for processing & results.

7. A visual alarm / flash would be given 10 minutes before completion of 150 minutes as a warning. For auto generation of every theory course result out of 20 and dispatch of the marks on student mobile and mail ID as well as parent mail ID.

8. No repeat examination under any circumstances.

B) Seminar – Conduct, Evaluation, etc.
Seminar– (T.E.- Semester I)
1. Review – I: during Mid Semester Examination (Compulsory) as per the Academic Calendar.

2. Review – II : The last week of November (Optional)

3. For poor performing students identified by the examination panel, a second review to be taken. Review II optional for other students. For Review II, deduction of 10 marks will take place.

4. Seminar is an individual activity with separate topic and presentation.

5. Duration of presentation – 20 minutes

6. Question and answer session – 10 minutes

Seminar Evaluation Scheme :

1. Attendance during Semester 




– 10 marks

2. Attendance during Seminar presentation self & peer 
– 10 marks

3. Relevance of Seminar topic 




– 10 marks

4. Timely Abstract submission  




– 10 marks

5. Literature review

  



– 10 marks

6. Technical contents

  



– 10 marks

7. Presentation 


  



– 25 marks

8. Question & answer Session 




– 15 marks
  ---------------
   100 marks
  =========

C) Equivalence

For the courses belonging to 2008 structure counseling sessions for failure students will be arranged. The Head of Department will appoint faculty identified as subject experts as counselors. The previous examination scheme i.e. 

Class Test – 10 marks 

T.A. through Home assignment – 10 marks

A written paper MSE – 30 marks

A written paper ESE – 50 marks

Will be followed. The entire processing based on 2008 structure related coding scheme will be followed. Counseling + Administration + Examination charges will be the basis for fees considered for such students.

D) Extra Credits

A student planning to take extra credits may be considered under following categories : 

1. A student carrying a backlog and re-registering for the previous course – Re-registration charges as applicable. Consideration of all courses registered for during that Semester of Academic Year for SPI calculation.

2. Student planning to take extra courses as a fast track opportunity – Administration, processing and examination charges will be considered. In any case the student has to pay the college fees for four years. This fast track facility would enable the student to undergo an industrial training, an exchange programme, research contribution in I.I.T. under scheme such as KVPY without any academic compromises for credit transfer. The phasewise development and completion of project activity cannot be considered at an accelerated pace under fast track scheme.  The registration under fast track is subject to having a CPI 8.0 or above and no backlog for consideration of registration to an additional course.

3. Students opting for earning extra credits by selection of courses in addition to the courses prescribed by respective BOS which are single Semester activities and not the part of Honors / Minor scheme. Such students will be expected to pay charges equivalent to re-registration (proportionate credit based payment). The registration for such courses is subject to permission given by the Chairman BOS of the Board in the purview of which the subject is identified. Such permissions will be given based on meeting with prerequisite subject. 

a. In any case (a), (b) or (c) the candidate cannot register for more than 8 credits.

b. A suitable reflection of completion of the said course will be made in the candidate’s Grade statement.

c. For part (c) a separate grade & GPA will be calculated. That GPA will not be clubbed with the other regular courses for SPI, CPI calculation.
E) Home Assignment

A Home Assignment Calendar for Semester is prepared as under:

	Week No.
	Activity

	1
	No Home Assignments

	2
	No Home Assignments

	3
	No Home Assignments

	4
	S1 / S2 – HA1

	5
	S3 / S4 / S5* - HA1

	6
	S1 / S2 – HA2

	7
	S3 / S4 / S5* - HA2

	8
	S1 / S2 – HA3

	9
	S3 / S4 / S5* - HA3

	10
	S1 / S2 – HA4

	11
	S3 / S4 / S5* - HA4

	12
	S1 / S2 – HA5

	13
	S3 / S4 / S5* - HA5

	14
	No Home Assignments

	15
	No Home Assignments

	16
	No Home Assignments


The Home Assignments will be based on the self study component i.e. part B of every theory course syllabus. The Saturday or last working day will be the default deadline for submission of Home Assignment of that week. For example by the Saturday ending Week No. 9, Home Assignment No. 3 for subject S3/ S4/ S5 (if applicable) must be submitted.


1. *S5 can be OE1 / OE2 / OE3 / Honors/ Minor / Re-registration category (a) / Category (b) / Category (c).

2. For subjects S1, S2, S3, S4 & S5 (if any), the composition of the Teacher Assessment marks will be as follows : 

	
	S1,S2 with Tutorial
	S3,S4,S5 without Tutorial

	Home Assignment
	30 marks
	30 marks

	Tutorial
	30 marks
	

	Test
	30 marks
	30 marks

	Attendance :
> 90%

75% to 90%

<75%
	10 marks
5 marks
0 marks
	10 marks
5 marks
0 marks

	
	100 marks converted to 15 marks
	70 marks converted to 15 marks


Explanation : 
1. Tutorials to be conducted with continuous assessment throughout the Semester. Final assessment out of 30 marks for Tutorial.

2. Class Test to be conducted during a regular theory class within the time period mentioned in the Academic Calendar.

3. Class Test marks are to be entered immediately as mentioned in Academic Calendar.

4. Attendance percentage to be calculated at the end of Semester after completing all lectures as per the lesson plan.

F) Mini Project

Teaching Scheme: Theory – 0 ; Tutorial – 0 ; Laboratory – 2 Hrs / week 
For F.E., S.E. & T.E. students in every Semester a Mini Project be carried out. The objectives behind the Mini Project are:

1. Scope for creativity

2. Hands on experience

3. Academic occupancy

Mini Project will be based on all subjects of that Semester except GP.

1. The Semester Mini Project will be for a group of 3 to 5 students. Head of Department to appoint Mini Project Guides. 1 credit will be awarded to the candidate after the viva voce and project demonstration at the End of Semester.

2. Group formation, discussion with faculty advisor, formation of the Semester Mini Project statement, resource requirement, if any should be carried out in the earlier part of the Semester. The students are expected to utilize the laboratory resources before or after their contact hours as per the prescribed module.

The Assessment Scheme will be:

Continuous Assessment
50 marks

End Semester


50 marks
                                              ---------------
                                               100 marks 
                                              ==========
Course Outcomes:

At the end of the course the students will be able to

1. systematically perform literature survey
2. apply chemical engineering subjects learnt in second year/ third year to practice e.g.,  build working models
3. approach a problem and solve methodically

4. present the project work effectively through oral, written , graphical and technical communication

5. work in a team 

G) Project Stage I Evaluation

The project activity is broken in 3 stages:

The Project Stage I will be in T.E Semester II irrespective of student module. The evaluation of Project Stage I will be as follows:

	Group formation & attendance / reporting to guide
	20 marks

	Topic finalization / Statement
	20 marks

	Literature Survey
	20 marks

	Abstract
	20 marks

	Presentation
	20 marks


Project Stage II and Project Stage III evaluations will be based on Department specific norms.
H) Composition for Selection of 5 Credits for Honors / Minor Course
(A) Comprehensive Viva Voce – Compulsory at the end of Semester VIII – 1 Credit
(B) Elective Component

1. Laboratory courses – Maximum Credits - 2 
(for award of 1 Credit the lab course would have a teaching scheme of 2 Hrs. / week and a plan of 12 practicals). The credit to be awarded as per the ISA and ESA guidelines for the compulsory lab courses.
2. Research publication – Maximum Credits – 1
(Research Publication in a Magazine / Transaction /  Journal  as decided by the honors / minor co-ordinator)
3 .Seminar - Maximum Credits – 1
(Seminar to be given on a topic consistent with the scope of the Honors or Minor. The topic Selection is to be approved by the honors / minor co-ordinator.  The assessment and evaluation scheme would as per the guidelines used for Technical Seminar at UG level by respective Dept.)
4.Honors / Minors Project – Maximum Credits – 2
(Project Topic and Scope, its progress and final assessment consistent with the scope of the Honors or Minor. The topic Selection is to be approved by the honors / minor co-ordinator.  The assessment would as per the guidelines and evaluation scheme used for Project Work at UG level by respective Dept.)
5.Industrial Training – Maximum credits – 4
(An Industrial Training in an Industry identified by the student, approved by the honors / minor co-ordinator & Head of Department. The assessment would as per the guidelines and evaluation scheme used for Industrial Training at UG level by respective Dept.)
Note :
1. 4 Credits would be awarded to the students for a complete 12 Week Industrial Training and meeting with the assessment and evaluation requirements

2. Provision can be made for the students unable to procure a 12 week Industrial Training. A 4 week or 8 week Industrial Training may also be offered. 2 credits will be awarded for 8 week Industrial Training and 1 Credit would be awarded to the students for a 4 Week Industrial Training, meeting with the assessment and evaluation requirements

3. No Industrial Training less than 4 weeks be considered for award of 1 Credit

4. No cumulative addition of Industrial Training period would be considered for award of credits

5. The student is expected to earn 1 Credit from Part (A) and remaining 4 Credits from Part (B)

Unit 1                                                                                                                                     8 Hrs


A) Fundamentals : Chemical Reactions, Stoichiometry, Reaction yields, Thermochemistry, Equilibrium, Equilibrium Constants, Le Chatelier’s Principle Kinetics, Rate Expressions,  Temperature Effects, Catalysis





Industrial Considerations : Reaction Evaluation – Selection, Economic Feasibility, Thermodynamic Feasibility, Kinetic Feasibility, Chemical Plant Operation : Material Balance, Energy Flow, Raw Materials, Safety Pollution, Industrial Metallurgy : Ferrous Metals, Non Ferrous Metals, Alloys


B) Inorganic Commodity Chemicals : Sulfuric Acid, Phosphoric Acid, Chlorine Manufacture, Solvay Process. 


 �
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