DEPARTMENT OF CHEMICAL ENGINEERING
ACADEMIC CURRICULUM

For M. Tech. (Chemical Engineering) Full Time Students

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area

Code
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	1st YEAR                                                                             I SEMESTER

	1.
	CH501
	Transport Phenomena#
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	2
	CH503
	 Chemical Reactor Analysis
	PC
	3 
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3.
	CH505
	Chemical Engineering  Thermodynamics
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	4.
	CH507
	Lab Course-I
	PC
	1.5
	-
	-
	3
	-
	-
	0
	80
	-
	
	20

	5.
	**
	Program Elective I
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	6.
	**
	Program Elective II
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	
	Sub Total
	16.5
	15
	-
	 3

	II SEMESTER*

	1.
	CH502
	Mathematical Methods in Chemical Engineering
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	2.
	CH504
	Modelling and Simulation
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3.
	CH506
	Advanced Separation Processes#
	PC
	3
	3
	-
	-
	2
	
	20
	-
	30
	50
	-

	4.
	CH508
	Lab Course-II
	PC
	1.5
	-
	-
	3
	-
	-
	0
	80
	-
	
	20

	5.
	
	Open Elective-I
	OE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	6.
	**
	Program Elective III
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	7.
	CH510
	Seminar
	PC
	2
	-
	-
	4
	-
	-
	-
	60
	-
	-
	40

	
	Sub Total
	18.5
	15
	-
	  7

	2nd YEAR                                                                           III SEMESTER*

	1.
	
	Open Elective-II
	OE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	2.
	**
	Program Elective IV
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3.
	CH600
	Dissertation (Part 1)
	PC
	6
	-
	-
	12
	-
	-
	-
	50
	-
	-
	50

	4.
	CH601
	Project
	PC
	4
	-
	-
	8
	-
	-
	-
	60
	-
	-
	40

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Sub Total
	16
	6
	-
	20

	IV SEMESTER

	1.
	CH600
	Dissertation (Part 2)
	PC
	12
	-
	-
	24
	-
	-
	-
	-
	-
	-
	100

	
	Sub Total
	12
	-
	-
	 24

	                                   Grand Total of credits                              63


* Technical Communication (Optional) can be opted in any one of the semesters II, or III.

# Subjects to be offered under Open Elective to other Departments

** Please see overleaf for subject code

DEPARTMENT OF CHEMICAL ENGINEERING
ACADEMIC CURRICULUM

M. Tech. (Chemical Engineering, Part Time) for admission in the session 2008-2009 and onwards

	Teaching Scheme
	Contact 

Hours/week
	Exam. Duration (Hrs.)
	Relative 

Weightage (%)

	S. No
	Subject Code
	COURSE TITLE
	Subject area

Code
	CREDIT
	L
	T
	P
	Theory
	Practical
	CWS
	PRS
	MTE
	ETE
	PRE

	1st YEAR                                                                                  I SEMESTER  (Autumn)

	1.
	CH501
	Transport Phenomena#
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	2
	CH503
	 Chemical Reactor Analysis
	PC
	3 
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3
	**
	Program Elective I
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	
	Sub Total
	9
	9
	-
	
	

	II SEMESTER (Spring)

	1
	CH502
	Mathematical Methods in Chemical Engineering
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	2
	CH504
	Modelling and Simulation
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3
	
	Open Elective I
	OE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	
	Sub Total
	
	9
	9
	-
	
	

	2nd YEAR                                                                         

                                                                                                   III SEMESTER (Autumn)

	1.
	CH505
	 Chemical Engineering Thermodynamics
	PC
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	2.
	**
	Programme Elective II
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3.
	CH507
	Lab Course I
	PC
	1.5
	   -
	-
	3
	-
	-
	-
	80
	-
	-
	20

	4
	CH510
	Seminar
	PC
	2
	-
	-
	4
	-
	-
	-
	  60
	-
	-
	40

	
	Sub Total 
	9.5 
	  6
	-
	7
	

	IV SEMESTER (Spring)

	1.
	CH506
	Advance Separation Processes
	PC
	3
	3
	-
	-
	2
	
	20
	-
	30
	50
	-

	2.
	**
	Program Elective III
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3
	CH508
	Lab Course-II
	PC
	1.5
	-
	-
	3
	-
	-
	-
	80
	-
	-
	20

	
	Sub Total
	7.5
	6
	-
	  4
	

	3rd YEAR                                                                               V SEMESTER (Autumn)

	1
	
	Open Elective-II
	OE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	2
	**
	Program Elective IV
	PE
	3
	3
	-
	-
	2
	-
	20
	-
	30
	50
	-

	3.
	CH601
	Project
	PC
	4
	-
	-
	8
	-
	-
	-
	60
	-
	-
	40

	4.
	CH600
	Dissertation (Part 1)
	PC
	6
	-
	-
	12
	-
	-
	-
	50
	-
	-
	50

	
	Sub Total
	16
	6
	-
	20
	

	VI SEMESTER  (Spring)

	1.
	CH600
	Dissertation (Part 2)
	PC
	12
	-
	-
	24
	-
	-
	-
	-
	-
	-
	100

	
	Sub Total
	12
	
	
	 24

	                                                            Grand Total of Credits: 63


# Subjects to be offered under Open Elective to other Departments

** Please see overleaf for course code

List of Program Electives
Program Elective I                                                             
Credits: 3 (L-T-P: 3-0-0)
(i) CH509 Computational Methods in Chemical Engineering
(ii) CH511 Advanced Process Control 

(iii) CH513 Polymer Processing Modelling
Program Elective II 





Credits: 3 (L-T-P: 3-0-0)

(i) CH515 Pollution Control Systems

(ii) CH517 Environmental Management Systems

(iii) CH519 Chemical Process Safety and Management 

Program Elective III 




Credits: 3 (L-T-P: 3-0-0)

(i) CH512 Optimization of Chemical Processes
(ii) CH514 Process Integration Analysis
(iii) CH516 Catalyst Theory and Practice
(iv) CH518 Bioprocess Engineering
Program Elective IV 




Credits: 3 (L-T-P: 3-0-0)
(i) CH603 Industrial Biotechnology

(ii) CH605 Fluidization Engineering
(iii) CH607 Petroleum Refining Engineering
Syllabi of Courses for M.Tech. (Chemical Engineering)

SEMESTER I
PROGRAMME CORE
CH501 Transport Phenomena 



                                     Credits: 3 (L-T-P: 3-0-0)


Basic concepts and review of classical flow problems, Mathematical foundations. Basic equations of momentum transport in isothermal flow systems and applications of complex flow problems, Macroscopic balances for mass, momentum and mechanical energy. 

Review of fundamentals and classical conduction problems, equations for heat and momentum transfer, and applications. 

Review of classical mass transfer problems and basic equations for diffusion mass transport in binary systems, Heat, mass and momentum transfer in multicomponent systems, Boundary layer theory. 

Texts / Reference Books
1. R.B. Bird, W.E. Stewart and E.N. Lightfoot, Transport Phenomena, Wiley International ed., New York, 1960. 

2. G.K. Batchelor, An Introduction to Fluid Dynamics, Cambridge University Press, Cambridge, 1967. 

3. J.C. Slattery, Momentum, Energy and Mass Transfer in Continua, Robert E. Krieger Publishing Company, New York, 1981. 

CH503 Chemical Reactor Analysis
       




Credits: 3 (L-T-P: 3-0-0)

Heterogeneous processes, global and intrinsic rates. Mechanism of catalytic reactions. Engineering properties of catalysts, BET surface area, pore volume, pore size, pore size distribution. Development of rate equations for solid catalyzed fluid phase reactions; Estimation of kinetic parameters. 

Intra-particle heat and mass transfer – Wheeler’s parallel pore model, random pore model of Wakao and Smith. Effective diffusivity isothermal and non-isothermal effectiveness factor, deactivation of catalyst. 

External mass and heat transfer in catalyst particles. Stability and selectivity, Packed bed reactor, slurry reactor; Trickle bed reactor and fluidized bed reactor. 

Ideal and non-ideal flow in reactors; Design of fixed bed catalytic reactor, isothermal, adiabatic, non-isothermal programmed reactors: one dimensional, two dimensional approaches. 

Reactor stability, control and optimization; Computer aided reactor design. Transient CSTR analysis, Hot spot equation; Optimization using Lagrange multiplier, Pontyagrin’s maximum principle. 

Text/Reference Books

1. Levenspiel, O., “Chemical Reaction Engineering,” 3rd ed., John Wiley, 1999.

2. Smith, J. M., “Chemical Engineering Kinetics,” 3rd ed., McGraw-Hill, 1981.

3. Fogler, H. S., “Elements of Chemical Reaction Engineering,” 3rd ed., Prentice-Hall of India, Delhi, 2003.

4. Froment, G.F., Bischoff, K.B., “Chemical Reactor Analysis and Design,” 2nd ed, John-Wiley, New York, 1990.
CH505   Chemical Engineering Thermodynamics
                      
Credits :3 (L-T-P: 3-0-0)

Thermodynamic Properties of Fluids: Fundamental property relations, Maxwell’s equations, Residual properties, Clapeyron’s Equation, Generalized correlations for thermodynamic properties of gases.

Multicomponent Systems: Chemical potential, ideal-gas mixture, ideal solution, Raoult’s Law. Partial properties, fugacity and fugacity coefficient, generalized correlations for the fugacity coefficient, excess Gibbs’ energy, activity coefficient.

Phase Equilibria at Low to Moderate Pressures: Phase rule, phase behavior for vapor liquid systems, Margules equation, Van Laar equation, Wilson equation, NRTL equation.  Dew point, bubble point and flash calculations.

Solution Thermodynamics: Ideal solution, fundamental residual-property relation, fundamental excess-property relation.  Evaluation of partial properties.  Heat effects of mixing processes.  Partially miscible systems.

Chemical Reaction Equilibria: Reaction coordinate, equilibrium criteria to chemical reactions, standard Gibbs’ energy change and the equilibrium constant.  Effect of temperature on the equilibrium constant, evaluation of equilibrium constants.  Relations between equilibrium constants and compositions: gas-phase reactions, liquid-phase reactions. Calculation of equilibrium compositions for single-phase reactions.  Multireaction equilibria.

Statistical Thermodynamics: Postulates, Macrostates and microstates, Partition Function, Maxwell-Boltzmann, Bose-Einstein and Fermi-Dirac statistics. Applications of Statistical Thermodynamics: Ideal gas, Maxwell speed distribution, Einstein & Debye Models of a solid.

Text/Reference Books
1. Smith, J. M., Van Ness, H. C. and Abbott, M. M., “Introduction to Chemical Engineering Thermodynamics”, 6th Ed., McGraw-Hill, 2001.

2. Rao, Y.V.C.,  “Chemical Engineering Thermodynamics”, University Press, 1997.

3. Rao, Y. V. C., “An Introduction to Thermodynamics,” John Wiley, 1993.

4. Kyle, B.G., “Chemical and Process Thermodynamics”, 3rd ed., PHI New Delhi
CH507 Lab Course-I






Credits: 1.5 (L-T-P: 0-0-3)

List of Experiments

Selected experiments are to be performed from the following list:
1. Kinetics of homogeneous reactions

2. Kinetics of heterogeneous reactions

3. Gas-solid reactions

4. Determination of Chemical Oxygen Demand (COD)

5. Determination of Biochemical Oxygen Demand (BOD)

6. Aeration of water/wastewater

7. Boiling heat transfer coefficient

8. Unsteady state heat transfer in solid

9. Determination of heat transfer coefficient  in shell and tube heat exchanger

10. Mass transfer with chemical reaction

11. Heat and mass transfer coefficient in cooling tower

12. Bubble-cap distillation 

13. Flow control
14. Temperature control
15. Control valve characteristics

PROGRAMME ELECTIVE-I

CH509 Computational Methods in Chemical Engineering

Credits: 3 (L-T-P: 3-0-0)

Linear Algebraic Equations: Introduction, Gauss-Elimination, Gauss-Siedel and LU Decomposition methods, Thomas’ algorithm.

Eigen Values and Eigen Vectors of Matrices: Introduction, Fadeev-Leverrier’s method, Power method, Householder’s and Givens’ method.

Nonlinear Algebraic Equations: Single variable and multivariable successive substitution method, single variable and multivariable Newton-Raphson technique, Polynomial root finding methods.

Function Approximation: Least squares curve fit, Newton’s interpolation formulae, Lagrangian interpolation, Pade approximation, Cubic spline approximation. Integration formulae: Trapezoidal rule, Simpson’s rule.

Ordinary Differential Equations - Initial Value Problems: Explicit Adams-Bashforth technique, Implicit Adams-Moulton technique, Predictor-corrector technique, Runge-Kutta methods, Stability of algorithms.

Ordinary Differential Equations - Boundary Value Problems: Finite difference technique, Orthogonal Collocation (OC), Shooting Techniques.

Partial Differential Equations: Partial Differential Equations (PDE) - Classification of PDE, Finite difference technique (Method of lines), Orthogonal collocation. 

Case Studies.  Use of spreadsheets and MATLAB in Chemical Engineering.

Text/Reference Books

1. Gupta, S. K., “Numerical Methods for Engineers,” New Age International Ltd., New Delhi, 1995.
2. Constantinides, A., and Mostoufi, N., “Numerical Methods for Chemical Engineers with MATLAB Applications,” Prentice Hall, 1999.

3. Hanna, O.T. and Sandall,O.C., "Computational Methods in Chemical Engineering," Prentice-Hall, 1995. 

4. Davis, M.E., "Numerical Methods & Modeling for Chemical Engineers," John Wiley, 1984.
5. Press, W. H., Teukolsky, S. A., Vellerling, W. T., Flannery, B. P., “Numerical Recipes in C,” 2nd ed., Cambridge University Press, New Delhi, 1992.
CH511 Advanced Process Control




      
Credits :3 (L-T-P: 3-0-0)

Control systems with Multiple loops: Cascade control, split range control, Feed-forward and Ratio control. Adaptive and Inferential control systems.

Multiple input multiple output (MIMO) control systems; Interaction and Decoupling of control loops; Digital Control systems, Z- Transforms, Discrete-time response of Dynamic Systems, Design of Digital feedback control systems, Process Identification and Adaptive control; Model predictive control.

Text/Reference Books

1. Stephanopoulos, G., “Chemical Process Control”, Prentice Hall of India, New Delhi, 1990.

2. Seborg, E., Edgar, J. F. and Mellichamp, D. A., “Process Dynamics and Control”, 2nd ed., John Wiley, 2004.

3. Astrom, K. J. and Wittenmark, B., “Computer Controlled Systems”, Prentice Hall, 1994.

4. Coughanowr, D. R., “Process Systems Analysis and Control”, 2nd Ed., McGraw Hill, NY, 1991.
CH513 Polymer Processing 
Modelling




Credits: 3 (L-T-P: 3-0-0)
Classification of Polymer Processing Operations. Simple Model Flows for analyzing processing operations with examples. Extrusion and extruders. Calendering, Roller and Blade Coating, Film Blowing. Fiber spinning injection moulding, blow moulding, thermoforming, rotational moulding. Compression and transfer moulding. Reaction injection moulding. Compounding and mixing. Twin screw extruder. Banbury and other mixing equipments in polymer processing. 

Text/ Reference Books
1. Middleman, S., "Fundamentals of Polymer Processing," McGraw-Hill Book Company, NY, 1977.
2. Morrison, F.A., “Understanding Rheology,” Oxford University Press, 2001.

3. Tadmor, Z. and Gogos C.G., “Principles of Polymer Processing,” Wiley- Interscience, New York, 1979.

PROGRAM ELECTIVE-II
CH515 Pollution Control Systems





Credits: 3 (L-T-P: 3-0-0)

Sources of water, air and land pollution; Legislation and standards; Analysis of pollution; Design of waste-water and industrial effluent treatment; Specification of Clean technologies and recovery schemes of useful chemicals. 

Air pollution and its measurement; Design of pollution abatement systems for particulate matter and gaseous constituents; Hazardous waste disposal and treatment; Solid-waste disposal and recovery of useful products through chemical and biological methods. 

Text/Reference Books

1. Mahajan, S.P., Pollution Control in Process Industries, Tata-McGraw Hill, 1985. 

2. N.L. Nemerow, Liquid waste of Industry - Theories, Practices and Treatment, Addison Wesley, New York, 1971. 

3. W.J. Weber, Physico-Chemical Processes for Water Quality Control, Wiley Interscience, New York, 1969. 

4. W. Strauss, Industrial gas Cleaning, Pergamon, London, 1975. 

5. A.C. Stern, Air Pollution, Volumes I to VI, Academic Press, New York 1968.

CH517 Environmental Management Systems



       Credits: 3 (L-T-P: 3-0-0)
Concept of ecological balance and the contribution of industrial and human activities in the changes in environmental quality. The ecological cycles. 

Concept of pollutants and regulatory measures for the maintenance of air and water quality. 

Air pollution, its source and dependence on the atmospheric factors like wind velocity, temperature gradient etc., concept of atmospheric stability and its relationship with dispersion of pollutants. Models for the prediction of air quality. 

Control of emission of pollutants including the design of particulate matter separation by multicyclone systems, ESP, bag filters, scrubber and cleaning of gaseous components by wet scrubber, adsorption by activated carbon etc.

Water pollution its cause and effects. Pollutants and its dispersion in water bodies to predict water quality through modelling. 

Sampling and analysis techniques; Impact assessment. National and International regulations. ISO series. Conventional and non-conventional energy resources, life cycle analysis. Environmental audit. Sustainable development. Case studies. Health effects of various pollutants. 

Text/References

1. Metcalf & Eddy, Inc., “Wastewater Engineering: Treatment and Reuse”, 4th ed., Tata McGraw Hill, New Delhi, 2003.

2. Peavy, H. S., Rowe, D. R. , Tchobanoglous, G. , “Environmental Engineering” ; McGraw Hill, 1995.

3. Davis, M.L., and Cornwell, D.A., “Introduction to Environmental Engineering,” 4th ed., McGraw-Hill, 2008.

4. De Nevers, N., “Air Pollution Control Engineering”, 2nd ed., McGraw-Hill, 2000.

5. Odum, E.P., “Fundamentals of Ecology,” 3rd ed., W.B. Saunders, Philadelphia, 1983. 

6. Mahajan, S. P., “Pollution Control in Process Industries,” Tata McGraw-Hill, New Delhi, 1998.

7. Blackman Jr., W.C., “Basic Hazardous Waste Management”, CRC Press.

8. Mulholland, K.L., Dye, J.A., “Pollution Prevention: Methodology, Technologies and Practices”, Wiley.

9. Das, T.K., “Toward Zero Discharge: Innovative Methodology and Techniques for Process pollution”, Wiley-VCH, 2005.

10. Alan, S., “Environmental Biotechnology,” Oxford University Press, 2005.

CH519 Chemical Process Safety and Management


Credits: 3 (L-T-P: 3-0-0)

Identification, classification and assessment of various types of hazards, Hazards due to fire, explosion, toxicity and radiation, Protective and preventive measures in hazards control,  industrial hygiene, Reliability and risk analysis, HAZOP and HAZAN, Consequence analysis (vapour cloud modelling), Event probability and failure frequency analysis, Safety Training, Emergency planning and disaster management, Case studies.
Text/References

1. Crawl D. A., Louvar J., Chemical Process Safety: Fundamentals with applications, Prentice Hall, 1990.

2. Nicholas P. C., “ Safety management practices for hazard waste materials”, Dekker, 1996.

3. Lees, F. P., "Loss Prevention in Process Industries", Vol.1 and 2, 2nd ed., Butterworth, 1996.

4. Baker. W. E., "Explosion Hazards and Evaluation", Elsevier, Amsterdam, 1983.

5. Kharbanda, O. P. and E.A.Stallworthy, "Management of Disasters and How to Prevent Them", Grower, 1986.

SEMESTER II
CH502 - Mathematical Methods in Chemical Engineering 

Credits: 3 (L-T-P: 3-0-0)

Ordinary differential equations (ODE) – Solution of first order and second order differential equations, simultaneous ODEs. Solution by Laplace Transformation. Series solution method.
Partial differential equations (PDE)- Classifications of PDEs, Formulating PDEs, Separation of variables method, Orthogonal functions and Sturm-Liouville conditions, The Laplace transform method.

Numerical Methods – Numerical Integration, Solution of nonlinear algebraic equations, ordinary differential equations-initial value problems and boundary value problems, partial differential equations.

Text/Reference Books

1. Jenson, V.G. and Jeffreys, G.V., “Mathematical Methods in Chemical Engineering,”2nd ed., Academic Press, New York, 1977. 
2. Rice, R. G. and Do, D. D., “Applied Mathematics and Modeling for Chemical Engineers”, John Wiley & Sons, New York, 1995.
3. Gupta, S. K., “Numerical Methods for Engineers,” New Age International Ltd., New Delhi, 1995.
4. Varma, A. and Morbidelli, M., “Mathematical Methods in Chemical Engineering,” Oxford University Press, New York, 1997.
5. Kreyszig, E., “Advanced Engineering Mathematics,” 8th ed., John Wiley & Sons, 2000.
6. Mickley, H.S., Sherwood, T.K., and Reed, C.E., "Applied Mathematics in Chemical Engineering," McGraw-Hill, 1957.

CH504 – Modelling and Simulation 



               Credits: 3 (L-T-P: 3-0-0)

Introduction and fundamentals of process modeling and simulation; industrial usage of process modeling and simulation; Macroscopic mass, energy and momentum balances; incorporation of fluid thermodynamics, chemical equilibrium, reaction kinetics and feed/ product property estimation in mathematical models. 

Simulation of steady state lumped, modeling of chemical process equipments like reactors, distillation, absorption, extraction columns, evaporators, and heat exchangers.
Unsteady state lumped systems and dynamic simulation; Computer algorithms for numerical solution of steady state and unsteady state models.

Microscopic balances for steady state and dynamic simulation; process modeling with dispersion; axial mixing; diffusion, etc. 

Modeling and simulation of complex industrial systems in petroleum, petrochemicals, polymer, basic chemical industries; Commercial steady state and dynamic simulators; Simulation of process flowsheets.
Introduction to application of artificial intelligence based modeling methods using Artificial Neural Networks, Fuzzy logic, etc.
Text/Reference Books
1. Luyben, W. L., “Process Modeling, Simulation and Control for Chemical Engineers,” McGraw Hill.

2. Babu, B.V., “Process Plant Simulation,” Oxford Unicversity Press, 2004.
3. Ramirez, W.F., “Computational Methods for Process Simulation,” Butterworth-Heinemann, 1997.

4. Ingham, J., Dunn, I. J., Heinzle, E., Prenosil, J.E., Snape, J.B., “Chemical Engineering Dynamics: An Introduction to Modelling and Computer Simulation,” 3rd ed., Wiley-VCH Verlag GmbH & Co. KGaA, 2007.
5. Holland, C. D., “Fundamentals and  Modeling of Separation Processes”, Prentice Hall, 1975.

6. Himmelblau, D. M., & Bischoff, K. B., “Process analysis and simulation: Deterministic systems,” John Wiley, New York, 1968.
7. Aris, R. and Varma, A. (Editors), “The Mathematical Understanding of Chemical Engineering Systems: Selected Papers of N. R. Amundson,” Pergamon Press, 1980.
CH506 – Advanced Separation Processes



               Credits: 3 (L-T-P: 3-0-0)

Membrane separation: Classification, structure and characteristics of membranes; Basic principles of various membrane separation processes such as Reverse osmosis, Nanofiltration, Ultrafiltration, Microfiltration, Electrodialysis, Membrane distillation, Pervaporation, and Gaseous Separations. Design consideration for Reverse Osmosis, Ultrafiltration and Electrodialysis; Pervaporation; Gaseous separations; Liquid membranes; Supported liquid membrane; Membrane reactors.
Adsorptive separation: Definition; Types of adsorption; Types adsorbents types, their preparation and properties; Types of adsorption isotherms and their importance; Mathematical modeling with suitable initial and boundary conditions for different cases such as thermal swing, pressure swing, and moving bed adsorption; Chromatography.

Other Methods of Separations: Reactive Distillation: Concept, modeling and design aspects and applications. Supercritical Fluid Extraction: Concept, modeling and design aspects and applications; Surfactant based separations and Biofiltration: Concept, modeling and design aspects and applications.

Text/References Books
1. Marcel Mulder, “Basic Principles of Membrane Technology”, 2nd ed. 1996, Kluwer Academic Publishers, Boston/London.

2. W. S. Ho and K. K. Sirkar, Membrane Handbook, Kluwer, 2001.

3. S. Sourirajan and T. Matsuura, Reverse Osmosis and Ultra-Filtration Process Principles, NRC Publication NO.24188, Ottawa, 1985.

4. P. C. Wankar, Large Scale Adsorption and Chromatography, CRC, 1986.

5. D. M. Ruthven, Principles of Adsorption and Adsorption Processes, John Wiley, 1984.

6. D. M. Ruthven, S. Farooq and K. S.  Knaebel, Pressure Swing Adsorption, Wiley-VCH, 1994.

7. M. A. McHugh and V.J. Krukonis, Supercritical Fluid Extraction, Butterworth, 1985.

8. Harrison, R.G.,  Todd, P.W., and Scott R., “Bioseparations Science and Engineering”, Oxford University Press,

9. Mukhopadhyay, M., Natural extracts using supercritical carbon di-oxide, CRC Press, LLC, Boca Raton, Florida, USA, 2000.
CH508 Lab Course-II






Credits: 1.5 (L-T-P: 0-0-3)

Selected experiments are to be performed from the following list:

1. UV spectrophotometer

2. Gas-liquid chromatograph (GLC)

3. HPLC

4. Membrane characteristics

5. To write a computer code of Newton-Raphson method and simulate it.
6. To write a code of solution of linear and nonlinear algebraic equations and simulate it.
7. To write a code of Runge-Kutta method and simulate it.
8. Heat exchanger control in ProSimulator®
9. Distillation column control in ProSimulator®
10. Design and steady state solution of distillation column in CHEMCAD®
11. Two phase flow pressure drop

12. Collection efficiency of a Cyclone separator

13. Study of batch and continuous filtration process
14. Determination of mass transfer coefficient in a  fluidized bed drier
PROGRAMME ELECTIVE  III
CH512 Optimisation of Chemical Processes



Credits: 3 (L-T-P: 3-0-0)

Formulation of the objective function.

Unconstrained single variable optimization: Newton, Quasi-Newton methods, polynomial approximation methods.

Unconstrained multivariable optimization: Direct search method, conjugate search method, steepest descent method, conjugate gradient method, Newton’s method.

Linear Programming: Formulation of LP problem, graphical solution of LP problem, simplex method, duality in Linear Programming, two-phase method.

Non linear programming with constraints: Necessary and sufficiency conditions for a local extremum, Quadratic programming, successive quadratic programming, Generalized reduced gradient (GRG) method.

Use of MS-Excel and MATLAB for solving optimization problems.

Introduction to global optimization techniques.

Applications of optimization in Chemical Engineering.

Text/ Reference Books

1. Edgar, T.F., Himmelblau, D. M., Lasdon, L. S., “Optimization of Chemical Process”, 2nd ed., McGraw-Hill, 2001.

2. Rao, S. S., “Optimisation Techniques”, Wiley Eastern, New Delhi, 1985.

3. Godfrey, C.O. and Babu, B.V., “New Optimization Techniques in Engineering”, Springer-Verlag, Germany, 2004.

4. Beveridge, G. S. and Schechter, R. S., “Optimization Theory and Practice”, McGraw- Hill, New York, 1970.

5. Reklaitis, G.V., Ravindran, A. and Ragsdell, K. M., “Engineering Optimization- Methods and Applications”, John Wiley, New York, 1983.

CH514 – Process Integration Analysis



        Credits :3 (L-T-P: 3-0-0)

Process Integration and its Building Blocks: Definition of Process Integration (PI), School of thoughts, Areas of application and Techniques available for PI, Onion diagram. 

Pinch Technology – An Overview: Introduction, Basic concept, How it is different than

energy auditing, Role of thermodynamic laws, Problem addressed by Pinch technology.

Key Steps of Pinch Technology: Data extraction, Targeting, Designing, Optimization-

Supertargeting.

Basic Elements of Pinch Technology: Grid diagram, Composite curve, Problem table

algorithm, Grand composite curve.

Targeting of Heat Exchanger Network (HEN): Energy targeting, Area targeting, Number

of units targeting, Shell targeting, cost targeting.

Designing of HEN: Pinch design methods, Heuristic rules, Stream splitting, Design of

maximum energy recovery (MER), Design of multiple utilities and pinches, Design for

threshold problem, Loops and Paths.

Heat Integration of Equipments: Heat engine, Heat pump, Distillation column, Reactor,

Evaporator, Drier, Refrigeration systems.

Heat and Power Integration: Co-generation, Steam turbine, Gas turbine.

Texts/References

1. Shenoy, U.V.,"Heat Exchanger Network Synthesis: Process Optimization by Energy and Resource Analysis", Gulf Publishing Company, Houston, TX, 1995.

2. Douglas, J.M., “Conceptual Design of Chemical Process,” McGraw Hill, New York, 1988.

3. Linnhoff, B. Townsend, D.W., Boland, D., Hewitt, G.F., Thomas, B.E.A., Guy, A.R. and Marsland, R.H., “A User’s guide on process integration for the efficient use of energy,” Institution of Chemical Engineers, London (1982).

4. Smith, R., “Chemical Process Design”, McGraw Hill (1995).

CH516 Catalyst Theory and Practice



        Credits: 3 (L-T-P: 3-0-0)

Review of chemical kinetics; Homogeneous catalysis; Acid base catalysis; Heterogeneous catalysis; Adsorption-physical and chemical surface area, pore size and pore volume determination; reaction rates and selectivity; Role of diffusion in catalysis; Selection, preparation and evaluation of catalysts. 

Text/ Reference Books

1. C.N. Satterfield and T.K. Sherwood, The Role of Diffusion in Catalysis, Addison Wesley, 1963. 

2. P.H. Emmett (Ed.), Catalysis, Reinhold, 1954. 

3. Levenspiel, O., “Chemical Reaction Engineering,” 3rd ed., John Wiley, 1999.

4. Smith, J. M., “Chemical Engineering Kinetics,” 3rd ed., McGraw-Hill, 1981.

5. Fogler, H. S., “Elements of Chemical Reaction Engineering,” 3rd ed., Prentice-Hall of India, Delhi, 2003.

6. Froment, G.F., Bischoff, K.B., “Chemical Reactor Analysis and Design,” 2nd ed, John Wiley and Sons, 1990.
CH518 Bioprocess Engineering




Credits: 3 (L-T-P: 3-0-0)

Interaction of chemical engineering principles with biological sciences. Life processes, unit of living system, microbiology, reaction in living systems, biocatalysts, model reactions. Fermentation mechanisms and kinetics : kinetic models of microbial growth and product formation. Fermenter types; Modeling of batch and continuous fermentor. Bioreactor design, mixing phenomena in bioreactors. Sterilization of media and air, sterilization equipment, batch and continuous sterilize design. Biochemical product recovery and separation. Membrane separation process: reverse osmosis, dialysis, ultrafiltration; Chromatographic methods: adsorption chromatography, gel filtration, affinity chromatography etc. Electro-kinetic separation: electro-dialysis, electrophoresis. Waste water treatment: activated sludge process, anaerobic digestion, trickling filter.
Text/Reference Books

1. Shuler, M.L. and Kargi, “Bioprocess Engineering Basic Concepts,” 2nd ed, Prentice Hall of India, New Delhi, 2002.
2. Bailey & Ollis, Biochemical Engg. Fundamentals, McGraw Hill.

3. Dubey R.C., “A Textbook of Biotechnology”, S. Chand and Co., New Delhi 2002.
4. Schugerl, K. and Bellgardt, K. V., Bioreaction Engineering: Modeling and Control, Springer Verlag, Heidelberg, 2000. 
5. Blanch H. W. and Clark D. S., Biochemical Engineering, Dekker, NewYork, 1996. 
6. Doran P., Bioprocess Engineering Principles, Academic Press, NewYork, 1995.
7. Aiba, S., Humphrey, J. Biochemical Engineering, Academic Press, 1973. 

PROGRAM ELECTIVE-IV

CH603 Industrial Biotechnology




Credits: 3 (L-T-P: 3-0-0)

Fundamentals of biochemical engineering sciences; Biotechnology - ancient and modern; Exploitation of microbes - Large scale process, commercial exploitation, micro-gravity biotechnology (space biotechnology); Animal biotechnology - application of animal cell culture, monoclonal antibodies, transgenic animals and gene therapy; plant biotechnology - plant cell, tissue and organ culture processes - engineering perspectives; Large scale separation processes - ATPS, gradient elution and affinity interaction; Technoeconomics of biotechnology industries; Legal, social and ethical aspects of biotechnology; Biotechnology and the third world. 

Text/ Reference Books

1. Primrose, S.B. : Modern Biotechnology, Blackwell Scientific Publications, Oxford, 1989. 

2. Flechter; Ghose, T.K. Blakebrough, N., Advances in Biochemical Engineering Series, Springer-Verlag, Berlin. 

CH605 Fluidization Engineering 
                                              Credits :3 (L-T-P: 3-0-0)






Introduction: Fluidization phenomenon, behavior of fluidized beds and industrial applications.

Packed Bed: Flow of fluids, Darcy’s law and permeability, specific surface and voidage, general expressions for flow through beds, Carman-Kozeny equations, Molecular flow, packings, pressure drop.

Fluidized Beds: Properties of gas-solid and liquid – solid systems, effect of fluid velocity on pressure gradient, minimum fluidizing velocity, terminal velocity and pressure drop, types of fluidization, bubble formation, distributor, voidage, slugging and channelling, entrainment and elutriation.

Application and Design Aspects: Heat and mass transfer in fluidized beds, introduction to design aspects of fluidized beds.

Pneumatic and Hydraulic Conveying: Introduction, pneumatic conveying of solids in vertical and horizontal conduits, hydraulic conveying of solids in vertical and horizontal conduits.

Text/Reference Books

1. Kunii, D. and Levenspiel, O., “Fluidization Engineering,” Butterworth-Heinemann, 1991.

2. Coulson, J. M. and Richardson, J. F., “Chemical Engineering,” Vol. 2, 5th ed., Butterworth-Heinemann.

3. Yates, Y. G., “Fundamentals of Fluidized Bed Chemical Process,” Butterworths.

CH607 Petroleum Refining Engineering


                       Credits: 3 (L-T-P: 3-0-0)    
Chemistry of Petroleum hydrocarbons, Composition of petroleum, and petroleum products. Physico-chemical and thermodynamic properties of petroleum products and their characterization, Oilfield refining operations -Dehydration, Desalting, Gas separation, Natural gas production and gas sweetening. Refinery operations and vacuum distillation. Sequencing of distillation columns. Distillation column design. Tube still heater design. 

Text / Reference Books

1. W.L. Nelson, Petroleum Refinery Engineering, McGraw Hill, New York, 1961. 
2. Garry, J. H. and Handwrek, G. E., “Petroleum Refining, Technology and Economics”, 2nd ed., Marcel-Dekker.
3. R.J. Hengateback, Petroleum Refining, McGraw-Hill, New York, 1959. 

4. V.Y. Stern, Gas phase oxidation, Pergamon, London 1964.
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