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 I Year 

	I Semester
	Code No.
	Internal Marks
	External Marks
	L
	P
	C

	1. 
	Advanced Chemical Engineering Thermodynamics 
	CT-101
	25
	75
	4
	-
	4

	2. 
	Advanced Process Control. 

	CT-102
	25
	75
	4
	-
	4

	3. 
	Reactor Design and Analysis 
	CT-103
	25
	75
	4
	-
	4

	4. 
	Elective Foundation -I

1.Optimization Techniques in Chemical
   Engineering
2. Electrochemical Engineering
3.Membrane Technology


	CT-104.1

CT-104.2

CT-104.3
	25
	75
	4
	-
	4

	5. 
	Elective Foundation -II
1. Biochemical Engineering

2. Process Intensification  

3.Applied Numerical Methods
	CT-105.1

CT-105.2

CT-105.3
	25
	75
	4
	-
	4

	6. 
	Open Electives- I
1. Air and Water Pollution Control 

    Engineering
2.Corrosion Engineering

3.Renewable Energy resources
	CT-106.1

CT-106.2

CT-106.3
	25
	75
	4
	-
	4

	7. 
	 Chemical Engineering Lab
	CT-107
	25
	75
	-
	2
	2

	8. 
	Seminar
	
	50
	50
	-
	2
	2

	
	Total
	
	225
	575
	24
	4
	28


I Year

	II Semester
	Code No.
	Internal Marks
	External Marks
	L
	P
	C



	1. 
	Separation Processes 
	CT-201
	25
	75
	4
	-
	4

	2. 
	Advanced Transport Phenomena
	CT-202
	25
	75
	4
	-
	4

	3. 
	Process Modeling & Simulation
	CT-203
	25
	75
	4
	-
	4

	4. 
	Elective Foundation –III

1.Materials of Construction in Chemical
   Process Industries

2. Bioprocess Engineering
3. Polymer Technology
	CT-204.1

CT-204.2

CT-204.3
	25
	75
	4
	-
	4

	5. 
	Elective Foundation -IV
1.Computational Fluid Dynamics
2. Fluidization Engineering
3.Petroleum refinery Engineering
	CT-205.1

CT-205.2

CT-205.3
	 25


	     75


	4
	-
	4

	1. 
	Open Electives II

1.Industrial Safety & Hazard Analysis

2.Solid Waste Treatment & Management

3. Design & Analysis of Experiments

	CT-206.1

CT-206.2

CT-206.3
	       25


	 75


	4
	-
	4

	2. 
	Process Simulation Lab
	CT-207
	25
	75
	-
	2
	2

	3. 
	Seminar
	
	50
	50
	-
	2
	2

	
	Total
	
	225
	575
	24
	4
	28


	I Semester
	Internal Marks
	External Marks
	L
	P
	C

	1. 
	Comprehensive Viva
	0
	100
	-
	-
	4

	2. 
	Seminar-I & Project work
	25
	75
	-
	-
	12

	
	Total
	25
	175
	-
	-
	16


II Year
	
	II Semester
	Internal Marks
	External Marks
	L
	P
	C

	1.
	Seminar-II &  Project work 
	25
	0
	-
	-
	

	2.
	Project Evaluation
	0
	75
	-
	-
	

	
	Total
	25
	75
	-
	-
	16


JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                  M. Tech – I Year – I Sem. (Chemical Technology) 
ADVANCED CHEMICAL ENGINEERING THERMODYNAMICS

UNIT I

Review of basic postulates, Maxwell’s relations, Legendre transformation, pure component properties, theory of corresponding states.

Equilibrium, phase rule, single component phase diagrams, introduction to multi -component multi -phase equilibrium.
UNIT II

Introduction to Molecular Thermodynamics : Molecular Theory of Fluids, Second Virial Coefficients from Potential Functions, Internal Energy of Ideal Gases: Microscopic view, Thermodynamic Properties and Statistical Mechanics , Hydrogen Bonding and Charge-Transfer Complexing , Behaviour of Excess Properties , Molecular Basis for Mixture Behaviour, VLE by Molecular Simulation
UNIT III

Phase equilibria at low to moderate pressures: Phase behavior for VLE system, Margule’s equation, Van- Laar equation, Wilson equation. NRTL equation, UNIFAC method, Dew point, Bubble point and flash calculations  
UNIT IV

Introduction to classical statistical mechanics, phase space, Louiville equation, crystals, intermolecular forces and potential energy functions, imperfect mono atomic gases, molecular theory of corresponding states, introduction to molecular simulations.
UNIT V

Molecular theories of activity coefficients, lattice models, multi-phase multi-component phase equilibrium, VLE/SLE/LLE/VLLE, chemical equilibrium, Chemical Reaction Equilibria.

TEXT BOOKS:
1. 
D.A. McQuarrie, Statistical Thermodynamics, Harper and row Pub. New York, 1973.

2.
J.M. Prausnitz, R.M. Lichtenthaler and E.G. Azevedo, Molecular thermodynamics of   

      Fluid-phase Euilibria (3rd edition) Prentice Hall Inc., New Jersey, 1996``

3.   J.M smith. H.C.V. Ness and M.M. Abott, Introduction to Chemical engineering 

      Thermodynamics” Mc-Graw Hill International Edition (5th Edn). 1996. 

REFERENCE BOOKS:

1. H. Terrel, An Introduction to Statistical Thermodynamics, Dover, 1960

2. M.P. Allen, DJ Tildesley, Computer Simulation of Liquids, Oxford, 1989

Objective: This subject will give an insight of molecular and statistical thermodynamics.
Outcome: Students will be able to understand the role and relevance of Chemical Engineering 
                  Thermodynamics principles and phase equilibria
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                  M. Tech – I Year – I Sem. (Chemical Technology) 
ADVANCED PROCESS CONTROL
UNIT I

Review of single input single out put (SISO) systems: Review of first and second order systems transfer functions, open loop and closed loop stability aspects. Frequency response Analysis: Bode plots 

UNIT II

Internal Model control (IMC): IMC structures, IMC design & implementation 

Non linear systems and control: Nonlinear control, phase plane analysis, application to chemical reactors 

UNIT III

Cascade, feed forward and ratio control: Analysis and design of cascade control, feed forward controllers and their derivation based on dynamic models, tuning & design of feed forward controllers, ratio control schemes with application. 
 

UNIT IV 

Model Predictive Control (MPC): constrained and unconstrained MPC, design and application of MPC, dynamic matrix control & its design procedure 


UNIT V

State space methods: State Space representation of physical systems: State variables, State space description, Selection of state variables, Transfer function matrix, Transition matrix, Solution of state space models.

TEXT BOOKS

Process control:  Modeling, Design and simulation, B.Wayne Bequette  PHI, 2003.

Process systems analysis and control- Donald R. Coughanowr –Mc-Graw    Hill, Inc  2nd Edition, 1991
REFERENCES

Chemical process control – George Stephanopolis, Aulto Seborg.

Objective: To provide a sound knowledge of different control systems, controllers and control valves that are used in industries.
Outcome: Ability to design advanced control system for complex and normal processes and design feedback control system for chemical, mechanical & electrical engineering systems.

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                M. Tech – I Year – I Sem. (Chemical Technology) 
REACTOR DESIGN & ANALYSIS
UNIT I

Preliminary Considerations in Chemical Reaction Engineering: Process design consideration for batch reactor, CSTR, PFR, Fluidized bed reactor and other reactors.

Design and operation of reactors for adiabatic, isothermal, non-isothermal conditions;Optimal performance for maximum production rate in batch reactor, CSTR, PFR reactors, Modes of operation and design aspects for semi-batch and semi-continuous reactors. Design and operation of PFR with recycle for constant and variable density systems. Comparison of reactors and their combinations, multiple reactor configurations. 
UNIT-II
Transport Processes in Heterogeneous Reactions

External mass and heat transport : The relationship between the observed reaction rate and the mass transfer, the reaction rate coefficients for surface reactions, the relationship between the concentration drop and the temperature drop across  the external boundary layer, Quantitative treatment of external transport effects in solid catalyzed reactor operations and the selectivity of products.
UNIT-III
Intra-particle Diffusion : Concept of effectiveness factor and Thiele modulus and their relationships, Generalized Modulus, Diffusional falsification of rate parameters, Criteria for diffussional limitations, Combined internal and external mass transfer-the global effectiveness factor. Combined diffusion and heat transfer limitations (non-isothermal catalyst particle). The possibility of multiple steady states and non-isothermal catalyst pellet Thiele modulus. Effect of internal resistance on catalyst selectivity and poisoning.

UNIT-IV
Heterogeneous Catalytic Fixed bed Reactor Analysis and Design

Types of reactors and mode of operations: Design considerations, Contour plots of raction rate vs. temperature and extent of reaction for exothermic, reversible reactions.Operational paths for a single adiabatic reactor, a multi-bed adiabatic reactor, and non-adiabatic reactor. Reactor Models: One Dimensional Models, Two dimensional Models of Pseudo-homogeneous and Heterogeneous with Plug and Dispersed plug flows.

UNIT-V
Design for Fluidized Bed, Gas-Liquid-Solid Three Phase Reactors

Fluidized bed reactor models: Two phase model, KL model, Operating characteristics of FBRs. Mass Transfer in Fluidized Beds: Gas-Solid Mass Transfer, Mass Transfer between the Fluidized-Bed Phases, Reaction in Fluidized Bed. Trickle bed reactor Models, Slurry reactor models.
Reference Books

1. R.W. Missen, CA Mims, B A Saville, “Introduction to Chemical Reaction Engineering and Kinetic Wiley & Sons, Inc., 1999.

2. J.M.Smith “Chemical Engineering Kinetics” 3rd ED., Mc Graw Hill, New York 1980

3. Froment G.F. AND Bischoff K.B., “Chemical reactor Analysis and Design” John Wiley, 1990

4. Fogler S.H., Elements of Chemical Reaction Eng.”, 3rd Ed., Prentice Hall, 1999

5. Levenspiel, O., “Chemical Reaction Eng.” John Wiley & Sons 1972.

6. RE Hayns and J.P Mmbaga, “Introduction to chemical reactor analysis”, 2nd Edn, CRC press, 2012 

Objective: This subject enables the students to learn about the different types of reactions underlying a chemical process and thereby design chemical reactors.

Outcome: Selection of catalyst and design multiple reactors and their evaluation of performance, development of concepts of heterogeneous system and applications. 

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                 M. Tech – I Year – I Sem. (Chemical Technology) 
OPTIMIZATION TECHNIQUES IN CHEMICAL ENGINEERING
(FOUNDATION ELECTIVE –I)
UNIT I
Introduction to process optimization; formulation of various process optimization problems and their classification, Basic concepts of optimization-convex and concave functions, necessary and sufficient conditions for stationary points.
UNIT II

Single variable optimization methods: Bracketing methods, Exhaustive search method, Bounding phase method, Region elimination methods, Fibonacci search method, Golden section search method. Point-Estimation method: Successive quadratic estimation method. 
UNIT III

Gradient-based methods: Newton- Raphson method, Bisection method, Secant method, Cubic search method. 

Multivariable Optimization Algorithms: Optimality criteria, Unidirectional search, direct search methods: Evolutionary optimization method, simplex search method, Gradient-based methods: Cauchy’s (steepest descent) method, Newton’s method.
UNIT IV

Constrained Optimization Algorithms: Kuhn-Tucker conditions, Transformation methods: Penalty function method, method of multipliers, Sensitivity analysis, 

Direct search for constraint minimization: Variable elimination method, complex search method. Successive linear and quadratic programming, optimization of staged and discrete processes. 
UNIT V

Specialized & Non-traditional Algorithms: Integer Programming: Penalty function method. Non-traditional Optimization Algorithms: Genetic Algorithms: Working principles. Differences between GAs and traditional methods, similarities between GAS and traditional methods, GAs for constrained optimization. 
TEXT BOOKS 

1. Kalyanmoy Deb, Optimization for engineering design, Prentice Hail of India

2. T. F.Edgar and D.M.Himmelhlau, optimization of chemical processes, Mc- Graw Hill international 
    Editions, Chemical Engineering Series, 1989. 

REFERENCE BOOKS:

1) G.S. Beveridge and R.S. Schechter, Optimization theory and practice, Mc Graw Hill,

    Newyork, 1970.

2) Reklljtis, G.V., Ravindran, A., and Ragdell, K.M., Engineering Optimization-Methods and Applications, 
    John Wiley, New York, 1983.

3)  S.S Rao, Optimization Theory and Applications. Wiley Eastern Ltd,1996 

Objective: To acquaint the student with the concepts and techniques of single and multivariable 
                  Optimization techniques using numerical search and analytical methods.

Outcome: The student will enable to optimize the problems related to design, planning and operations
                  involved in a chemical industry
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                              M. Tech – I Year – I Sem. (Chemical Technology) 
ELECTROCHEMICAL ENGINEERING 

(FOUNDATION ELECTIVE –I)
UNIT I

Basic Concept: Mechanism of Electrolysis, Laws of Electrolysis, Curent and Voltage Efficiency - Electrolytic dissociation, Coulometers,  Ionic conduction.  Electrolytic conductivity, Absolute ionic velocities, ionic mobilities, Transference Nos.   Modern Ionic Theory, Ionic activity Degree of dissociation.  Ionic Atmosphere Time of relaxation and relaxation effect, Electrophoretic effect - Debye - Huckel Onsager equation of conductance (Derivation is not required) and its validity.

UNIT II

Thermodynamics- I:Chemical Potential and Free Energy changes.  Cell and Electrode potentials.  Thermodynamics of Electrode potentials - Nernst Equation.  Equilibrium Constant,  Arbitrary Zero of potential,  EMF series and their limitations Activity Coefficient of and their evaluation, Liquid Junction potentials, Concentration Cells - Reference Electrodes.

UNIT III

Thermodynamics- II: Electrode Kinetics, Role of Interface, Electric Double Layer and its capacitance - Irreversible Electrode processes - Irreversibility, Tates of Electrode Processes.  Electrode Kinetics Model, Cathodic Hydrogen evolution, Depolarisation - Overpotential, Tafel Equation, Ohmic or resistance Over potential, Concentration overpotential, Oxygen Evolution reaction and Decompostion potential, Ionic Transport by Migration, Diffusion and Convection - Mass transfer.

UNIT IV

Kinetics of Corrosion Processes and Evans Diagrams: Electrokinetic phenomenon - Straming potential, zeta potential and Electro - Osmosis, Electrophoresis, Dorn Effect.

Measurements and Systems Analysis: Conductivity measurements - Conductometric analysis - Titrations, Measurements of pH, potential - potentiometric titrations, Polarography Electrogravimetry, Coulometry. Current Distribution in a cell.  Rotating Disc Electrode, Rotating  Cylinder electrode, Rough Surface Electrode Limiting Current Technique.

UNIT V

Potential relations in corrosion cells potentials, pH diagrams in corrosion.

Corrosion theory: Manifestation of corrosion, bases of electrochemical corrosion, amount and intensity of corrosion, Eight forms of corrosion: Uniform attack, Galavanic corrosion, crevice corrosion,Pitting, inter granular corrosion.Selective leaching, stress corrosion cracking. Conditions leading to pitting attack. environmental factors, hydrogen damage. Corrosion inhibition and prevention: Domestic water supplies, recirculating water systems, corrosion inhibitors, Inhibitors for acid pickling, vapor phase inhibitors. Coatings and paints: Phosphating, Protective metal coatings; cathodic protection and corrosion of buried structures.

TEXTBOOKS: 
1. An Introduction to Electrochemistry by Samuel Glasstone, D. Van Nostrand Company Inc princeton, Affiliated East-West press Pvt. Ltd.

2. Electrochemistry - Principles and Applications by Edmund C. Fotter Oliver Hume Press Ltd., London.

REFERENCE BOOKS:

1. Electrochemical Engineering, Principles, by Geofferey Prentice, The Johns Hopkins University, Prentice Hall, Englewood Cliffs, New Jersy, 07632.

2. Electrochemistry - Bookris and A.K.Reddy.

3. Electrochemical Engineering by C.L.Mantell.

4. Principles of Electrochemical Engineering by L.W.Shemilt.

5. Chemical Engineering Development Centre, Indian Institute of Technology, Madras 600 036.

6. Fontanna and Grene ‘Corrosion Engineering’.

Objective: The subject aims to offer knowledge in basic concepts & application of Electrochemical Engineering.
Outcome: The student will be enable to understand the concepts of Electrochemical processes & apply Industry.
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                               M. Tech – I Year – I Sem. (Chemical Technology) 
MEMBRANE TECHNOLOGY (FOUNDATION ELECTIVE –I)
UNIT I

Introduction: Separation process, Introduction to membrane processes, definition of a membrane, classifications membrane processes.
Preparation of Synthetic membranes: Types of Membrane materials, preparation of Synthetic membranes, phase inversion membranes, preparation technique for immersion precipitation, and preparation technique for composite membranes.

UNIT II

Characterization of membranes; Introduction, membrane characterization, characterization of porous membranes, characterization of non-porous membranes.

Transport in membranes: introduction, driving forces, non equilibrium thermodynamics, transport through porous, non-porous, and ion exchange membranes.

UNIT III

Membrane Processes: Introduction, osmosis, pressure driven membrane processes: Introduction, microfiltration, membranes for microfiltration, industrial applications,  ultra filtration: membranes for ultra filtration, industrial applications, reverse Osmosis and nanofiltration: membranes for reverse osmosis and nanofiltration, industrial applications, Electrically Driven processes: Introduction, electrodialysis, Process parameters, membranes for electrodialysis, applications, Membrane electrolysis, Bipolar membranes, Fuel Cells
UNIT IV

Concentration driven membrane processes: gas separation: gas separation in porous and non porous membranes, membranes for gas separation, applications, pervaporation, membranes for pervaporation, applications, dialysis: membranes for dialysis, applications, liquid membranes: aspects, liquid membrane development, choice of the organic solvent and carrier, applications, introduction to membrane reactors,

UNIT V

 Polarization phenomenon and fouling: Introduction to concentration polarization, turbulence promoters, pressure drop, gel layer model, osmotic pressure model, boundary layer resistance model, concentration polarization in diffusive membrane separations and electro dialysis, membrane fouling, methods to reduce fouling, compaction. Module and process design: Introduction, plate and frame module, spiral wound module, tubular module, capillary module, hollow fiber module, comparison of module configurations.

TEXT BOOKS:

1. Membrane Separations, M.H.V. Mulder,  Springer Publications, 2007

2. Rate-Controlled Separations, P. C. Wanket,  Elsevier Applied Science, London,1994.

REFERENCES:

1. Membrane Technology in the Chemical Industry, S.P. Nunes, K.V. Peinemann,  Wiley-VCH

2. Membrane Processes in Separation and Purification, J.G.Crespo, K.W.Bodekes, Kluwer Academic Publications.

3. Membrane Separation Processes, K. Nath, PHI Pvt. Ltd., New Delhi,2008.
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                M. Tech – I Year – I Sem. (Chemical Technology) 
BIOCHEMICAL ENGINEERING (FOUNDATION ELECTIVE –II)
UNIT I

Introduction to microbiology: Biophysics and the cell doctrine, the structure of cells, important cell types, from nucleotides to RNA and DNA, amino acids into proteins. Kinetics of enzyme catalyzed reaction: the enzyme substrate complex and enzyme action, simple enzyme kinetics with one and two substrates, other patterns of substrate concentration dependence, modulation and regulation of enzyme activity, other influences on enzyme activity.
UNIT II

Immobilized enzyme technology: enzyme immobilization, industrial processes, utilization and regeneration of cofactors. Immobilized enzyme kinetics: effect of external mass transfer resistance, analysis of intraparticle diffusion and reaction.

Kinetics of cellular growth in batch and continuous culture, models for cellular growth – unstructured, structured and cybernetic models. Thermal death kinetics of cells and spores
UNIT III

Introduction to metabolic pathways, biosynthesis, transport across cell membranes, end products of metabolism, stoichiometry of cell growth and product formation. 

Design and analysis of biological reactors: batch reactors, fed-batch reactors,  enzyme catalyzed reactions in CSTR, CSTR reactors with recycle and cell growth, ideal plug flow reactors, sterilization reactors, sterilization of gases, packed bed reactors using immobilized catalysts. Fermentation technology: medium formulation, design and operation of a typical aseptic, aerobic fermentation process.

UNIT IV

Transport phenomena in bioprocess systems: Gas-liquid mass transfer in cellular systems, determination of oxygen transfer rates, overall kLa’ estimates and power requirements for sparged and agitated vessels, scaling of mass transfer equipment, heat transfer.

UNIT V

Downstream processing: Strategies to recover and purify products; separation of insoluble products-filtration and centrifugation; cell disruption-mechanical and non-mechanical methods; separation of soluble products: liquid-liquid extractions, membrane separation (dialysis, ultra filtration and reverse osmosis), chromatographic separation-gel permeation chromatography, electrophoresis, final steps in purification – crystallization and drying.

TEXT BOOKS:

1. Biochemical Engineering Fundamentals, 2nd ed., J.E. Bailey and D.F. Ollis, Mc-Graw Hill, New York, 1987.

2. Bioprocess Engineering, 2nd ed., M. L. Shuler and F. Kargi, PHI Learning Pvt. Ltd, New Delhi, 2009.

REFERENCES:

1. Biochemical Engineering, J. M. Lee, Prentice-Hall, New Jersey 1992.

2. Bioprocess Engineering Principles, P. M. Doran, Elsevier, Gurgaon, 2005.

OBJECTIVE: To study the introductory aspects of microbiology, enzymes, growth kinetics and bioreactor design.

OUTCOME: This course will help the students to understand and apply the principles of biochemical engineering in analysis and design of industrial biochemical processes.
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                M. Tech – I Year – I Sem. (Chemical Technology)
PROCESS INTENSIFICATION (FOUNDATION ELECTIVE –II)
UNIT I

Introduction to Process Intensification(PI): sustainability-related issues in process industry,  definitions of Process Intensification, fundamental principles and techniques of PI, the original ICI PI strategy, benefits of PI and obstacles to PI issues in designing of a sustainable, inherently safer processing plant
UNIT-II

PI Approaches: STRUCTURE- PI approach in spatial domain, ENERGY - PI approach in thermodynamic domain, SYNERGY - PI approach in functional domain and TIME - PI approach in temporal domain

Mechanisms involved in PI: Mechanisms of intensified heat transfer, mass transfer, electrically enhanced processes, micro fluidics
UNIT–III

Application of PI techniques to heat transfer: Compact & micro heat exchangers

Application of Pi techniques to reactors:  Spinning disc reactors, oscillatory baffled reactors (OBR), Rotating reactors, Micro reactors, membrane reactors, micro reactors, Reactive separation/ super critical operation and other intensified reactor types.
UNIT-IV

Intensification of Separation Processes: Distillation, Centrifuges, membranes, drying, precipitation and crystallization. Intensified Mixing: Inline mixers, mixing on spinning disk, induction heated mixer
UNIT –V

Application areas of PI: Petrochemicals and Fine Chemicals: Refineries, Bulk Chemicals, Fine Chemicals, Fine Chemicals and Pharmaceuticals, bio processing

Offshore Processing, Nuclear Industries, Food and drink water sector, Textiles, Aerospace, biotechnology 
Text Books

1.David Reay, Colin Ramshaw, Adam Harvey, Process Intensification- Reengineering for efficiency, sustainability and flexibility, Butterworth Heinemann, (Elsevier) 2008.

2, Stankiewicz, A. and Moulijn, (Eds.), Reengineering the Chemical Process Plants, Process Intensification, marcel Dekker 2003
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                  M. Tech – I Year – I Sem. (Chemical Technology) 
APPLIED NUMERICAL METHODS (FOUNDATION ELECTIVE –II)
UNIT I

Eigen values and Eigen vectors:  Introduction, Calculation of Largest and smallest Eigen Values and Corresponding Eigen vectors using power method.

Linear Algebraic Equations: Introduction, Gauss- Elimination, LU Decomposition, Gauss-Jordan Elimination, Gauss- Siedel methods. 
UNIT II 
Nonlinear Algebraic Equations: Introduction, single variable successive substitutions (Fixed point method), single variable Newton-Raphson Technique, Multivariable Newton-Raphson Technique.
UNIT III

Regression Analysis: Introduction, least squares curve-fit (linear regression), Newton’s forward formulae, Newton’s backward formulae. 

Interpolation Polynomial, Lagrangian Interpolation (Unequal Intervals),Pade’ approximations,(upto second order both in numerator and denominator) 
UNIT IV

Ordinary Differential Equations-Initial Value Problems (ODE-IVPs): Introduction, explicit and implicit Euler’s method, Runge- Kutta fourth order    method. 

Ordinary Differential Equations- Boundary Value Problems (ODE-BVPs):  Introduction, Galerkin Finite Element (GFE) Technique, Shooting Techniques. 
   UNIT V

    Advanced methods for Differential Equations: Introduction, the finite difference technique (method of     lines), Orthogonal Collocation, Finite Volume Method. 
TEXT BOOKS:

1. Numerical Methods in Engineering, S.K. Gupta., Tata Mc-Graw Hill.,1998,1stEdition.

REFERENCE BOOKS:
1. Numerical Methods in Engineering &Science, B.S.Grewal, Khanna Publisher, 6th Ed. 2005.

Objective: This course trains the students in learning and applying the numerical techniques to solve the chemical engineering   problems.
Outcome: The student will learn different techniques to solve linear algebra equations, ODES, difference equitation.
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                   M. Tech – I Year – I Sem. (Chemical Technology) 

AIR AND WATER POLLUTION CONTROL ENGINEERING
(OPEN ELECTIVE-I)
Unit-I

Introduction: Water and Wastewater, Characteristics and monitoring, sampling techniques and sample preparation for water and wastewater, Traditional and advanced analytical techniques for various parameters in water and waste water.

Physicochemical processes for water and waste water quality control: Equalization, Neutralization, Aeration, Sedimentation, Coagulation and Flocculation, Filtration, Disinfection, Adsorption and Ion Exchange.

Unit-II

Biological treatment processes for wastewater quality control: Fundamentals of Monod kinetics and application in bioreactor design principles, concepts, types and modifications of aerobic and anaerobic, suspended- growth and attached- growth treatments, Concepts of natural treatment systems, such as, Aerated lagoons, Stabilization ponds, Oxidation ditches, etc

Unit-III

Sludge Treatment: Chemical, Biological, Incineration and disposal of sludge solids

Advanced Wastewater treatment: Nutrient removal treatments, Membrane Technologies, Advanced Oxidation Processes

Reuses of Wastewater: Concept of gray water, reuse and recycle of wastewater in industrial and agricultural purpose

Unit-IV

Elements of Air Pollution: History of air pollution, Natural versus Polluted atmosphere, Air quality and monitoring, Source of air pollution, Effects of air pollution, regulatory control of air pollution, Stack and ambient air sampling, Collection techniques for gaseous and particulate air pollutants

Engineering Control of Air Pollution: Control of stationery sources and mobile sources, Concept, design of control devices & system like Industrial ventilation system, Settling Chambers, Bag Filters, Inertial devices (Cyclone Separator), Electrostatic Precipitators, Particulate scrubbers etc

Unit-V

Control of Vehicular air Pollution: Vehicle emission standards and fuel quality, Inspection and certification programme, Catalytic converter- Concept, application and design; Various models related to air pollution treatment; Case studies from chemical industries: Air Pollution assessment and control in Petrochemical, Pharmaceutical, dyes and intermediate and other process industries.

Text Books

1. Wastewater Treatment for Pollution Control and Reuse, by Soli J Archeivala Shyam R Asolekar, McGraw Hill Publications

2. Wastewater Engineering: Treatment and Reuse, by George Techobanolous Franklin L. Burton, H David Stensel, Metcalf and Eddy Inc.

3. Air Pollution: Its Origin and Control by Kenneth Wark, Cecil F. Warner, Addlison, Wesley Longman

4. Air Pollution Control Theory by Martin Crawford, McGraw Hill
Objective: 
The course will provide knowledge of the various pollutants, the regulatory standards, cleaning up technologies and the removal methods of various pollutants from industries.

    Outcome:
      Understand the causes, effects and controlling measures of different types of environmental pollutions
     with some case studies and discuss the benefits of sustaining each of the following types of resources;
     food, health, habitats, energy, water, air, soil and minerals.

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

                                                   M. Tech – I Year – I Sem. (Chemical Technology) 

CORROSION ENGINEERING (OPEN ELECTIVE - I)

UNIT I

Introduction: Corrosion principles, Electro- chemical aspects of Corrosion -environmental effects, Metallurgical aspects- corrosion rate expressions- methods of estimation of corrosion rates.
UNIT II

Forms of corrosion 1: uniform attack, galvanic, crevice, pitting Corrosion.

Forms of corrosion 2: Inter –granular corrosion, selective leaching, erosion- corrosion and stress corrosion cracking and remedial measures in brief.
UNIT III

Corrosion testing procedures

Corrosion prevention: Material selection, alteration of environment-organic and inorganic coatings, linings, cladding, Passivity
UNIT IV
Design principles, Cathodic Protection and Anodic Protection.
UNIT V

Modern Theory, Mixed potential theory, Principles, Thermodynamics and Electrode Kinetics.

Predicting corrosion behavior, corrosion prevention and rate measurement.

TEXT BOOK:

1. Corrosion Engineering, 3rd ed., M.G. Fontana, Mc-Graw Hill,1986

 REFERENCE BOOKS:

1. Corrosion and Corrosion Control, H.H Uhlig

2. Handbook of Corrosion Engineering, Pierre Roberge, McGraw-Hill, New York, 2000

3. Corrosion Basics: An Introduction, 2nd ed., Pierre Roberge, NACE Press Book, 2006

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD

M. Tech – I Year – I Sem. (Chemical Technology)
RENEWABLE ENERGY RESOURCES 
(OPEN ELECTIVE – I)
UNIT I 

Principles of renewable energy: Energy & Sustainable development, fundamentals , scientific principles of renewable energy, technical implication, social implication, various renewable energy resources

UNIT II 
SOLAR AND WIND ENERGY 

Solar radiation its measurements and prediction - solar thermal flat plate collectors concentrating collectors – applications - heating, cooling, desalination, power generation, drying, cooking etc - principle of photovoltaic conversion of solar energy, types of solar cells and fabrication. Photovoltaic applications: battery charger, domestic lighting, street lighting, and water pumping, power generation schemes

Wind Energy: Atmospheric circulations – classification - factors influencing wind - wind shear – turbulence - wind speed monitoring - wind energy conversion devices - classification, characteristics, applications. 

UNIT III
 BIO-ENERGY:  Biomass resources and their classification - chemical constituents and physicochemical characteristics of biomass - Biomass conversion processes - Thermo chemical conversion: direct combustion, gasification, pyrolysis and liquefaction - biochemical conversion: anaerobic digestion, alcohol production from biomass - chemical conversion process: hydrolysis and hydrogenation. Biogas - generation - types of biogas Plants- applications 

UNIT IV  
HYDROGEN AND FUEL CELLS:  Thermodynamics and electrochemical principles - basic design, types, and applications - production methods - Biophotolysis: Hydrogen generation from algae biological pathways - Storage gaseous, cryogenic and metal hydride and transportation.Fuel cell – principle of working- various types - construction and applications. 
UNIT V
 OTHER TYPES OF ENERGY : Ocean energy resources - principles of ocean thermal energy conversion systems - ocean thermal power plants - principles of ocean wave energy conversion and tidal energy conversion – hydropower – site selection, construction, environmental issues - geothermal energy - types of geothermal energy sites, site selection, and geothermal power plants. 

TEXT BOOK: 

1. Twidell, J.W. and Weir, A., Renewable Energy Sources, 3rd Edn.  T&F Ltd., 2015

2. Sukhatme, S.P., Solar Energy, Tata McGraw Hill, 1984. 
REFERENCES:

 1. Kreith, F and Kreider, J. F., Principles of Solar Engineering, McGraw-Hill, 1978.

  2. Godfrey Boyle, Renewable Energy, Power for a Sustainable Future, Oxford 
   University Press, U.K, 1996. 

 3. Veziroglu, T.N., Alternative Energy Sources, Vol 5 and 6, McGraw-Hill, 1990 

 4. Anthony San Pietro, Biochemical and Photosynthetic aspects of Energy Production,     Academic Press, 1980.

 5. Bridgurater, A.V., Thermochemical processing of Biomass, Academic Press, 1981.

 6. Hart, A.B., and Womack, G. J., Fuel Cells: Theory & Applications, Prentice Hall, 1997. 

7. Khandelwal K.C, Mahdi S.S., Biogas Technology - A Practical Handbook, Tata Mc-Graw Hill, 1986.

OBJECTIVE: To understand types and applications of various form of renewable energy and its environmental impacts. 

OUTCOMES: 

• To explain concept of various forms of renewable energy 

• To outline division aspects and utilization of renewable energy sources for both domestics and industrial applications 

• To analysis the environmental and cost economics of using renewable energy sources compared to fossil fuels
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                                              M. Tech – I Year – I Sem. (Chemical Technology) 
CHEMICAL ENGINEERING LABORATORY
LIST OF EXPERIMENTS: 

1. Study the performance of combination of Reactors and RTD analysis 

2. Study the kinetics in Packed Bed Reactor. 

3. Study the kinetics in Adiabatic Batch reactor.

4. Study the performance of Single Effect Evaporator. 

5. Heat Transfer through Helical coil Heat Exchanger. 

6. Study of the performance of a Cyclone Separator.

7. Drying Characteristics in a fluidized bed dryer

8. Reverse Osmosis System for treatment of water

9. Analysis of gaseous & liquid  pollutants 

10. Batch distillation with reflux

11. Estimation of the brake through curve in fixed bed reactors

12. Rheological studies of Non-Newtonian fluids
13. Cascade control

14. Feed forward control
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                                            M. Tech – I Year – II Sem. (Chemical Technology) 
SEPARATION PROCESSES

UNIT I

Introduction: Classification of separation processes; Equilibrium – Review of vapor liquid equilibrium and other equilibrium. Thermodynamic consistency test for VLE data, Phase rule and degrees of freedom estimations. Equilibrium ratio concept and its estimation from Depriesters charts. Bubble- point and Dew- point calculations; Flash calculations, Estimation of state of the mixture.

UNIT II

Binary separation process: Common approach for process design estimation of feed location, product qualities and theoretical stages of equilibrium based separations: single stage-single component and Multistage single component separation processes involving absorption, stripping, liquid-liquid immiscible extraction, adsorption  and distillation Kermer-Brown equation and its limitation process design (estimation of feed location, product qualities and theoretical stages) of multistage multiple feeds and side stream process.
UNIT III

Multi component separation process: Multi component distillation Introduction. Key components; Estimation of minimum theoretical stages (Fenske’s equation, Distribution of non-key components in overhead and bottom products at total reflux. Determination of minimum reflux ratio (Underwood’s method); Approximate calculation shortcut methods for multicomponent, multistage distillation (estimation of actual reflux ratio and theoretical stages): Fenske-Underwood-Gilliland method; Feed- Stage Location (Kirke-Bride’s equation); Distribution of non-key component at actual reflux; Batch Multicomponent Distillation with Reflux: Shortcut method for multicomponent Batch Distillation with constant reflux, Stage-by-stage method for Multicomponent Distillation.
UNIT IV

Capacity and efficiency of contacting devices, energy requirements of separation process, selection of separation process- factors influencing the choice of a separation process-case studies.
UNIT V

Introduction to membrane separations, microfiltration, ultra filtration, osmosis, Reverse osmosis, electro dialysis, gas separation, pervaporation, dialysis (qualitative treatment only)

TEXT / REFERENCE BOOKS:

1. J.D.Seader and E.J.Henley, Separation Process Principles, John wiley, 1998.
2. Lacey, R.E and S.Loacb, industrial processing with membranes, Wiley-inter science, NY, 1972.
3. Mulder M, Basic Membrane Technology, Kluwer publications, 1996.
4. R.E. Trey bal, Mass Transfer operation, 3rd edition MC Graw – Hill 1980

5. P.C. Wankat, Equilibrium Stage Separation, Elsevier Publication, 1988
6. C.Judson King, Separation Processes, Mc- Graw – Hill, 1982.

Objective: The aim of this subject is to give thorough knowledge on different separation process.

Outcome: Student will be able to learn the methodology for process design of equipments like extractors, distillation columns and selection of adsorbents in chemical industries.
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                                            M. Tech – I Year – II Sem. (Chemical Technology) 
ADVANCED TRANSPORT PHENOMENA

UNIT I

Application of equation of change: Equation of change for isothermal systems – Dimensional analysis, solution of steady state laminar flow problems including Newtonian and non-Newtonian fluids. Equation of change for non-isothermal system-solution of steady state problems- conduction, Convection, problems with and without heat generation.  
UNIT II

Multi component mixtures: Equations of change for multi-component mixtures: Dimensional analysis, Stefan-Maxwell equations, use of equations of change to setup diffusion problems, simultaneous heat & mass transfer, thermal diffusion, pressure diffusion, forced diffusion, three component ordinary diffusion with heterogeneous chemical reaction.  

UNIT III

Unsteady state problems: Unsteady state flow between two parallel plates, oscillating plates, unsteady state flow through a pipe, heating of finite slab, cooling of a sphere in contact with well stirred fluid, unsteady state evaporation in a tube of infinite length, gas absorption with rapid chemical reaction.
UNIT IV

Boundary layer studies and Turbulent flow: Flow near a wall suddenly set in motion, flow near the leading edge of a plate, heat transfer in laminar forced convection along heated  plate, diffusion and chemical reaction in isothermal laminar flow along a soluble flat plate. Time smoothed equation of change for incompressible fluids, application of empirical expression to solve turbulent flow problems.

UNIT V

Macroscopic Balances: Macroscopic balances to set up steady state problems, efflux time for flow from funnel, Heating of liquid in a agitated tank, disposal of an unstable waste product, unsteady state operations of packed column.
TEXT BOOK:

(1) R.B. Bird, W.E. Stewart and E.N. Lightfoot, Transport Phenomena, second edition, John Wiley and Sons, 2003.
(2) R.B. Bird, W.E. Stewart and E.N. Lightfoot, Transport Phenomena, first edition,   John Wiley and Sons, 2003.
Objective: This subject enables the student to understand the co-existence of flow, heat and mass transfer. Solves for velocity profiles in flow inside the tubes and determines the utility of heat transfer coefficients in flow systems. Develops equations for mass transfer in stationary and moving fluids using diffusion concepts.

Outcome: The student will be able to analyze processes involving simultaneous flow, heat and mass transfer.
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M. Tech – I Year – II Sem. (Chemical Technology)
PROCESS MODELING AND SIMULATION

UNIT I
Mathematical models for chemical engineering systems: classification of mathematical models- steady state Vs dynamic models, lumped Vs distributed parameter models, deterministic Vs stochastic models. 

Examples of mathematical models- Two heated tanks, batch reactor, constant volume CSTRs, non-isothermal CSTR, reactor with mass transfer, ideal binary distillation column, batch distillation with holdup.

UNIT II

Empirical model building- method of least squares, linear, polynomial and multiple regression, non-Linear regression. Solution of Non- Linear Algebraic equations- bisection, false position, Quasi Newton and Newton- Raphson methods. 

UNIT III
Numerical solution of partial differential equations- elliptic, parabolic and hyperbolic equations. finite difference methods, Leibman’s method, Crank Nicholson method. Apllications to steady state and Unsteady state heat conduction and temperature distribution problems. 

UNIT IV

Process Simulation examples: VLE dew point and bubble point calculations, binary distillation column, gravity flow tank, batch reactor, Non- isothermal CSTR, countercurrent heat exchanger. 

Process simulation using modular and equation for solving approaches: Developing a simulation model, a simple flow sheet, Sequential modular approach, Simultaneous modular approach, Equation solving approach.
UNIT V
Introduction to Computational Fluid Dynamics

Computational Fluid Dynamics: What, When, and Why?, CFD Applications, Numerical Vs Analytical vs Experimental, Modeling vs Experimentation, Fundamental principles of conservation, Reynolds transport theorem, Conservation of mass, Conservation of linear momentum: Navier-Stokes equation, Conservation of Energy, General scalar transport equation, Classification of PDEs, Steady and unsteady conduction, explicit and implicit method, direct and iterative methods of solution,

TEXTBOOKS:
 1. Process modeling, Simulation and Control for Chemical Engineers, 2nd ed., W. L. Luyben, McGraw-Hill, New York, 1990.

 2.  Numerical Methods for Engineers, S.K. Gupta, Wiley Eastern, New Delhi, 1995.
3. Patankar, S.V., Numerical Heat Transfer, Taylor and Francis
REFERENCES: 

1. Numerical Methods for Engineers and Scientists, S.S. Rao

2. Process Plant Simulation, B.V Babu, Oxford University Press, 2004.
3. Process Modeling and Simulation, Amiya K. Jana, 2012.
4. Versteeg, H.K., Malalasekera, W., an Introduction to Computational Fluid Dynamics - The Finite Volume Method, Longman

Objective: To establish to students the basis of chemical process design by taking into account technical elements as well as economic aspects. Students will appreciate how process modeling has been playing a key role in the design, planning and operation of chemical and related processes.

Outcome: The student will be able to learn the basic principles of modeling with some examples and simulate the model equations using numerical methods.
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                                          M. Tech – I Year – II Sem. (Chemical Technology) 
MATERIALS OF CONSTRUCTION IN CHEMICAL PROCESS INDUSTRIES
(FOUNDATION ELECTIVE –III)
Unit – I

Properties and behavior of materials useful in structure, machines and equipments, atomic arrangements and imperfections; elasticity, micro elasticity and phase transformation; Theories of corrosion and corrosion and method of corrosion control

Unit – II

Theory of alloying, constitutional diagrams, their construction and applications; Cast iron as material of construction with reference to its application in chemical Engineering, selection of material, general criterion of selection of material of construction in process industries

Unit – III

Materials of construction and their technology with reference to application in chemical industry mild steel, high carbon steel, stainless steel, high silicon steel, molybdenum and tungsten steel, heat treatment of plane steel.

Unit – IV

Nonferrous metals – copper, aluminum, lead, chromium, tin, brass, bronze and monel

Unit – V

Non-metals – Glass, Enamels, graphite, wood, plastics, rubber, ebonite lining materials, composite materials: fiber reinforced plastic composite material, structure and properties, polymeric material.

TEXT BOOKS:

1. Russel E*Gackenbach, Materials Selection for Process Plants.

2. Frank Ramford, Chemical Engineering Materials.

3. Lee Z.Z., Materials of Construction for Chemical Process Industries.

REFERENCE BOOKS:

1. Agrawal B.K., Introduction to Engineering Materials.

2. Khurmi R.S., Materials Science.

3. Gupta K.M., Material Science & Engineering.
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                                                M. Tech – I Year – II Sem. (Chemical Technology) 
BIOPROCESS ENGINEERING (FOUNDATION ELECTIVE –III)
UNIT I 

Introduction: Biotechnology and bioprocessing. An overview of biological basics. Basics of enzyme and microbial kinetics.

Operating considerations for bioreactors: cultivation method, modifying batch and continuous reactors, immobilized cell systems, solid state fermentations.

UNIT II

Selection, scale-up, operation and control of bioreactors: Scale-up and its difficulties, bioreactor instrumentation and control, sterilization of process fluids.

UNIT III

Recovery and purification of products: Strategies to recover and purify products, separation of insoluble products, cell disruption, separation of soluble products.

UNIT IV 

Bioprocess considerations in using animal cell cultures: Structure and biochemistry of animal cells, methods for the cultivation of animal cells, bioreactors for animal cell culture, products of animal cell culture.

Bioprocess considerations in using plant cell cultures: Plant cells in culture compared to microbes, bioreactors for plant cell cultures.

UNIT V 

Genetically engineered organisms: Influence of product on process decisions, guidelines for choosing host- vector systems, metabolic engineering, protein engineering.

Mixed cultures: Simple models describing mixed culture interactions, mixed cultures in nature, industrial utilization of mixed cultures. Biological wastewater treatment – an example of industrial utilization of mixed cultures.
TEXT BOOK:

1. Bioprocess Engineering, 2nd ed., M. L. Shuler and F. Kargi, PHI Learning Pvt. Ltd,  NewDelhi,2009

REFERENCES:

1. Biochemical Engineering Fundamentals, 2nd ed., J.E. Bailey and D.F. Ollis, McGraw-Hill, New York,1987.

2. Bioprocess Engineering Principles, P. M. Doran, Elsevier, Gurgaon, 2005.
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                                               M. Tech – I Year – II Sem. (Chemical Technology) 
POLYMER TECHNOLOGY (FOUNDATION ELECTIVE –III)
UNIT I 

Introduction: definitions; polymer& macro molecule, monomer, functionality, average functionality, co-polymer, polymer blend, plastic and resin. 

Classification of polymers: based on source, structure, applications, thermal behavior, mode of polymerization. Concept of average molecular weight of polymers, molecular weight distribution, poly disparity index. Determination of average molecular weights: End group analysis, osmometry, light scattering techniques, viscometer, Gel permeation chromatography.

UNIT II 

Natural polymers: brief study of i) Natural rubber ii) shellac iii) rosin iv) cellulose v) proteins.

Mechanism and kinetics of: Addition or chain polymerization 

a) Free radical addition polymerization b) Ionic addition polymerizations

c) Coordination polymerization d) Coordination or step growth or condensation polymerization.

UNIT III 

Methods of polymerization: mass or bulk polymerization process, solution polymerization process, suspension polymerization process and emulsion polymerization method comparison of merits and demerits of these methods. Properties of polymers: crystalline and amorphous status, melting and glass transition temperatures and their determination, effect of polymer structure on mechanical, physical, chemical and thermal properties.

UNIT IV 

Degradation of polymers, Role of the following additives in the polymers: i) Fillers and reinforcing fillers ii) Plasticizers iii) Lubricants iv)Antioxidants and UV stabilizers v) Blowing agents vi)Coupling agents vii)Flame retardants viii) Inhibitors

Brief description of manufacture, properties and uses of: i) Polyethylene (HDPE&LDPE), ii) Poly propylene iii) Polyvinylchloride iv) Polystyrene v) Polytetra fluoroethylene vi) Polymethyl mehacrylate vii) Polyvinylacetate & Polyvinylalcohol.

UNIT V 

Brief description of manufacture, properties and uses of: i) Polyesters (Polyethylene terephthalate polycarbonate and unsaturated polyesters) ii) Nylon(Nylon 66) iii) Phenol- Formaldehyde resins iv) Epoxy resins v) Polyurethane vi) Silicones

Compounding of polymer resins, brief description of: i) Compression and transfer moulding ii) Injection moulding iii) Extrusion iv) Blow moulding v) Calendaring vi) Laminating and pultrusion

TEXT BOOKS:

1. Polymer Science & Technology, 2nd ed., J.R. Fried, PHI Learning Pvt. Ltd., New Delhi, 2009

2. Plastic materials, J.A. Brydson, Newnes-Butterworth (London) 1989.

REFERENCES:

1. Text book of polymer science, F.W.Jr. Bill Meyer, (3rd ed.) John Wiely&sons 1984

2. Introduction to Plastics, J.H. Brison and C.C. Gosselin, Newnes-Butterworth, London 1968.

Objective: The course aims to offer a sound base in the knowledge of various polymers and plastics used in industries, their properties etc.

Outcome: The student will be able get the knowledge on different types of polymers and polymerization processes.
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                                           M. Tech – I Year – II Sem. (Chemical Technology) 
COMPUTATIONAL FLUID DYNAMICS (FOUNDATION ELECTIVE –IV)
Unit-1: Introduction to Computational Fluid Dynamics and Principles of Conservation:
Computational Fluid Dynamics: What, When, and Why?, CFD Applications, Numerical vs Analytical vs Experimental, Modeling vs Experimentation, Fundamental principles of conservation, Reynolds transport theorem, Conservation of mass, Conservation of linear momentum: Navier-Stokes equation, Conservation of Energy, General scalar transport equation, Classification of PDEs, Steady and unsteady conduction, explicit and implicit method, direct and diiterative methods of solution,

Unit-2: Approximate Solutions of Differential Equations & Solution of Systems of Linear Algebraic Equations
Error Minimization Principles, Functional involving higher order derivatives, Approximate solution of differential equations through variational formulation, Boundary conditions in the variational form: Primary and secondary variables, Essential and natural boundary conditions, Approximate solutions of differential equations, Solution techniques for systems of linear algebraic equations: Elimination, Iteration and Gradient Search method, Elimination method: Forward elimination and backward substitution, Assessment of number of computations, L-U decomposition technique, Tridiagonal matrix algorithm (TDMA), Illustrative examples of Jacobi’s method and Gauss-Siedel method, Relaxation methods, Preferential characteristics of iterative methods, Multigrid method, Line by line TDMA, ADI (Alternating direction implicit) method, Gradient search methods: Steepest descent method and Conjugate gradient method

Unit-3: Fundamentals of Discretization & Fluid flow and heat transfer modelling
Discretization principles: Pre-processing, Solution, Post-processing, Finite Element Method, Finite difference method, Well posed boundary value problem, Possible types of boundary conditions, Conservativeness, Boundedness, Transportiveness, Finite differences, Illustrative examples Finite difference applications in heat transfer: 1-D steady state heat conduction without and with constant source term; advection-diffusion problems, upwinding and convective schemes

Unit-4: Finite Volume Method for diffusion problems
Some Conceptual Basics and Illustrations through 1-D Steady State Diffusion Problems: Physical consistency, Overall balance, FV Discretization of a 1-D steady state diffusion type problem, Composite material with position dependent thermal conductivity, Four basic rules for FV Discretization of 2-D steady state diffusion type problem, Source term linearization, Implementation of boundary conditions

Unit-5:  Discretization of Convection-Diffusion Equations & Navier Stokes Equations: A Finite Volume Approach
Finite volume discretization of convection-diffusion problem: Central difference scheme, Upwind scheme, Exponential scheme and Hybrid scheme, Power law scheme, Generalized convection-diffusion formulation, Finite volume discretization of two-dimensional convection-diffusion problem, The concept of false diffusion, QUICK scheme. Discretization of the Momentum Equation: Stream Function-Vorticity approach and Primitive variable approach, MAC and SIMPLE algorithms on staggered grids.

Text Books: 

· Patankar, S.V., Numerical Heat Transfer, Taylor and Francis

· Muralidhar, K., Sundarajan, T., Computational Fluid Flow and Heat Transfer, Narosa publishers


· Versteeg, H.K., Malalasekera, W., An Introduction to Computational Fluid Dynamics - The Finite Volume Method, Longman

References:

· T. J. Chung, Computational Fluid Dynamics, Cambridge University Press.

· J. H. Ferziger and M. Peric, Computational Methods for Fluid Dynamics, Springer.

· John C. Tannehill, Dale A. Anderson and Richard H. Pletcher, Computational Fluid Mechanics and Heat Transfer, Taylor &Francis.

· John D. Anderson Jr, Computational Fluid Dynamics, McGraw Hill Book Company.

· J. Blazek, Computational Fluid Dynamics:Principles and Applications, Elsevier.

Objective: To teach the student about the concepts Computational Fluid Dynamics & different methods to solve fluid flow problems.
Outcome: The student will be enables to learn finite difference, finite element & finite volume methods and importance 
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                                             M. Tech – I Year – II Sem. (Chemical Technology) 
FLUIDIZATION ENGINEERING 
(ELECTIVE - II)

UNIT I

Introduction: The phenomenon of fluidization; liquid like behaviour of a fluidized bed; Comparison with other contacting methods; Advantages and disadvantages of fluidized beds.
UNIT II

Industrial applications of fluidized beds: Coal gasification; gasoline from other petroleum fractions; Gasoline from natural and synthesis gases; Heat exchange; Coating of metal objects with plastics; Drying of solids; Synthesis of phthalic anhydride; Acrylonitrile; Polymerization of olefins; FCCU; Fluidized combustion of coal; incineration of solid waste; Activation of carbon; gasification of waste; bio-fluidization.

UNIT III

Fluidization and mapping of regimes: Minimum fluidization velocity; Pressure drop vs. velocity diagram; effect of temperature and pressure on fluidization; Geldart classification of particles; terminal velocity of particles; turbulent fluidization; pneumatic transport of solids; fast fluidization; solid circulation systems; Voidage diagram; Mapping of regimes of fluidization.

UNIT IV

Bubbles in dense bed: Single rising bubbles; Davidson model for gas flow at bubbles; Evaluation of models for gas flow at bubbles.

Bubbling Fluidized beds: Experimental findings; Estimation of bed porosities; Physical models: simple two phase model; K-L model.

High velocity Fluidization: Turbulent fluidized bed; Fast fluidization pressure drop in turbulent and fast fluidization.

UNIT V

Solids Movement, Mixing, Segregation and staging: Vertical movement of solids; Horizontal movement of solids; Staging of fluidized beds.

Gas Dispersion and Gas interchange in Bubbling Beds: Dispersion of gas in beds; Gas interchange between bubble and emulsion; Estimation of gas interchange coefficients.

Particle to Gas Mass Transfer: Experimental interpolation of mass transfer coefficients; Heat transfer; Experimental heat transfer from the bubbling bed model.

TEXT BOOK

1. Fluidization Engineering, 2nd ed., D. Kunii and O. Levenspiel, Butterworth-Heinemann,  London,1999.

Objective: To teach the student about the basic principles of fluidization and its application in chemical industry.

OUTCOME: The student will enable to learn the importance and applications of fluidization in chemical and allied industries.
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PETROLEUM REFINERY ENGINEERING 
(ELECTIVE –II)

UNIT I

Past, present and future of petrochemicals, Refining of Petroleum, Characterization of complex feed stocks, Simple methods to define conversion of complex feed stocks.  Altenative sources and strategies to meet future needs of chemical process industries, various processes and techniques involved in thermal cracking, Catalytic cracking, Fluidized catalytic cracking, Steam reforming and partial oxidation.

UNIT II

Mechanism involved during thermal cracking reaction, Details of thermal cracking to produce light olefins from various feed stocks, Ethanol dehydration process to produce ethylene. 
UNIT III

Effect of various parameters- temperature, residence time, HCCP and C/H ratio on yields of important products from various feed stocks during thermal cracking, R-K theory to predict product yields from various feed stocks during thermal cracking. 

UNIT IV

Coke formation during thermal cracking and catalytic cracking reactions from Various petrochemical feed stocks, Simple models of coke formation during thermal cracking reactions to produce maximum light olefins. Various structures of deposited coke during pyrolysis, various ways to inhibit coke formation. 
UNIT V

 Industrial process of hydro cracking and reforming, Global economic scenario of petrochemical industry, newer materials of construction, Environmental aspects of petrochemical industry in general. 


TEXT /REFERENCE BOOKS: 

1. Petroleum Refining, Dr B.K, Baskara Rao. 
2. Petrochemicals, Dr B.K. Baskara Rao. 
3. Nelson, W.L. ‘Petroleum Refinery engineering”, McGraw Hill, New York 1961. 
4. Ilengstebeck RJ., “Petroleum Refining”, McGraw Hill, New York 1959. 
5. Steiner H, “Introduction to petroleum Chemical Industry”, Pergamon, L:ondon, 1961. 


Objective: To understand the various feed stocks of refinery and petroleum products and get acquainted with basic separation and conversion processes used in refining of crude oil. To get familiarized with challenges involved in refining from viewpoint of environment.

Outcome: The student would be in a position to have advanced knowledge of feed-stocks used in the refinery, various conversion processes used to produce various petroleum products.
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INDUSTRIAL SAFETY AND HAZARD ANALYSIS 
(OPEN ELECTIVE-II)
Unit – I 
Introduction, Factors Contributing to the Costs of Accidents, List of some Notable accidents in the process industry/selected case histories, some common features of high cost accidents, reasons for high priority towards safety.

Unit – II

Material hazards1: Introduction Hazardous substances-categories, Toxicity, Radiation, Flammability, Ignition, Fires and explosions.

Unit – III

Material hazards 2: Fire balls, Fire damage, run away chemical reaction, incompatible materials, material safety and data sheets 

Process and plant Hazards: Hazards of pressure, causes of over pressures, flow deviations, effects of leakages/releases, hazards of temperatures.

Unit – IV

Hazard analysis: process safety management, process hazards analysis, hazards analysis methods, check list, preliminary hazard analysis, what-if / check list, hazard and operability analysis, FMEA, Fault tree analysis, cause and consequence analysis.

Unit – V

Preventive and protective measures: Safety options, process safety approaches, inherent safety and design, plant layout, inherent security, explosion prevention and protection, personal protective systems, plant modifications and management change, relief valves and rupture discs, breather vents for storage tanks, explosions vents, flame arresters, flare systems

TEXT BOOK:
1. Chemical process industry safety by K S N Raju, Mc-Graw Hill education (India) Pvt.Ltd,2014

2. Chemical process Safety by Crowl  

REFERENCES:

1. Chemical process safety by Sanders

Objective: 

· Have awareness of different hazards in process industries

· Classification of hazards and their identifications

· Precautions in chemical storage and handling

· Learn risk analysis techniques and quantify them 

· Learn emergency management plans

Outcome: 
· The student will be equipped with the knowledge by which thorough safety is ensured in the organization.

· Classify and identify hazards in chemical industries
· Take precautions in chemical storage and handling
· Perform fault tree and event tree risk analysis and quantify them 
· Suggest and make others in the plant about emergency management plans
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SOLID WASTE TREATMENT AND MANAGEMENT
(OPEN ELECTIVE-II)
Unit-I

Introduction: Types and sources of solid wastes, Characteristics and collection, Solid waste volume reduction, Storage and transportation

Unit-II

Solid Waste Treatment System: Physical, Chemical and Biological treatment Systems, Reuse and recycling of solid waste- Incineration, Composting and Composting Plants.

Unit-III

Ultimate disposal: Landfill – classification – site selection parameters – design aspects – Leachate control – environmental monitoring system for Land Fill Gases, liquids and soil condition.

Unit-IV
Handling of hazardous wastes- Collection of hazardous wastes and care in handling quantities of hazardous wastes generated, Storage of hazardous wastes, Transportation and Shipment of hazardous wastes. Final disposal of hazardous wastes- Site selection, incineration, land filling, Leachates, treatment and disposal

Unit-V

Biomedical waste management- Concepts, treatment, and legislations; Electronic Waste (e-waste) management- Concepts, treatment, and legislations ,case studies based on course content and related to process industries

Text Books

1. Integrated Solid Waste Management Engineering Principles and Management Issues by George Tchobanoglous, Hilary Theisen and Samual A Vigil, McGraw Hill Publishers

2. Hazardous Waste Management by Michael D. LaGrega, Phillip. L. Buckingham and Jeffery C Evans, Waveland Press Inc.
3. Parker, Colin and Roberts, Energy from Waste – An Evaluation of Conversion Technologies, Elsevier Applied Science, London, 1985
Reference books
1. Hazardous Waste Chemistry, Toxicology and Treatment, Stanley E. Manahan, Lewis Publishers,  

    Chelsea, Michigan, 1990.

 2. Waste Disposal in Engineered Landfills, Manoj Datta, Narosa Publishing House, 1997
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DESIGN AND ANALYSIS OF EXPERIMENTS 

(OPEN ELECTIVE - II)
UNIT I 

Introduction to the role of experimental design; basic statistical concepts; sampling and sampling distribution;

Testing of hypotheses about differences in means- randomized designs and paired comparison designs; testing of hypotheses about variances

UNIT II 

Analysis of variance (ANOVA)–one-way classification ANOVA; analysis of fixed effects model; comparison of individual treatment means; the random effects model; the randomized complete block design

UNIT III

Factorial design of experiments; two-factor factorial design-fixed effects and random effects model;

General factorial design; analysis of 2k and 3k factorial designs.

UNIT IV

Conforming in the 2k factorial design in 2p block; confounding in the 3k factorial design in 3p block;

Fractional replication of the 2k factorial design and the 3k factorial design.

UNIT V

Regression analysis- Simple and multiple linear regression and hypothesis testing; response surface methodology-the method of steepness ascent : response surface designs for first-order and second-order models. Evolutionary operation(EVOP)

TEXT BOOK: 

1. Design and analysis of experiments, 2nd edn., D.C.Montgomery,John Wiley and Sons, New York, 2003.

Objective: The objective of this course is to enable the student to learn the importance of design of experiments and obtaining maximum information about a process with minimum experimental work.

Outcome: The student will learn about design of experiments and analysis using ANOVA & factorial designs
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PROCESS SIMULATION LABORATORY

LIST OF EXPERIMENTS: 

1. Controller tuning by Ziegler- Nichol’s & Cohen- Coon methods

2. Stability analysis using Bode diagrams for control systems.

3. Simulation of Ideal Binary Distillation Column 
4. Simulation of Non Isothermal CSTR  

5. Simulation of Batch Reactor  
 

6. Heat/Mass Transfer coefficient in 3 phase fluidized bed column

7. Hydrodynamic studies in Gas-solid CFB

8. Estimation of Adsorption isotherms

9. Reactive distillation 
10. Simulation of shell & tube heat exchanger

11. Heat conduction in a rod using PDEs

Note: Simulation can be done using C/C++ / MATLAB/ ASPEN PLUS


