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PROGRAMME OUTCOMES (POs) 

 
PO-1. Engineering Knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals and an engineering specialization to the solution of complex engineering problems. 

PO-2. Problem Analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of mathematics, 

natural sciences, and engineering sciences. 

PO-3. Design / Development of solutions: Design solutions for complex engineering problems and 

design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations. 

PO- 4. Conduct investigations of complex problems: Use research-based knowledge and research 

methods including design of experiments, analysis and interpretation of data, and synthesis of the 

information to provide valid conclusions. 

PO- 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modeling to complex engineering activities 

with an understanding of the limitations. 

PO- 6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 

societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to the 

professional engineering practice. 

PO- 7.   Environment and sustainability: Understand the impact of the professional engineering solutions 

in societal and environmental contexts, and demonstrate the knowledge of, and need for 

sustainable development. 

PO- 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms 

of the engineering practice. 

PO- 9. Individual and team work: Function effectively as an individual and as a member or leader in 

diverse teams, and in multidisciplinary settings. 
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PO-10. Communication: Communicate effectively on complex engineering activities with the engineering 

community and with society at large, such as, being able to comprehend and write effective 

reports and design documentation, make effective presentations, and give and receive clear 

instructions. 

PO-11. Project management and finance: Demonstrate knowledge and understanding of the engineering 

management principles and apply these to one’s own work, as a member and leader in a team, to 

manage projects and in multidisciplinary environments. 

PO-12. Life-long learning: Recognize the need for and have the preparation and ability to engage in 

independent and lifelong learning in the broadest context of technological change. 
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Structure of Master of Technology in Engineering & Technology 
 

SL. 

NO. 

COURSE WORK - 

COURSES AREA 

CREDITS / SEMESTER TOTAL 

CREDITS I II III IV 

1 Program Core (PC) 10 10 - - 20 

2 Program Elective (PE) 6 6 3 - 15 

3 Open Elective (OE) - - 3 - 3 

4 Mandatory Course (MC) 2 - - - 2 

5 Project (PJ) - 2 10 16 28 

6 Audit Course (AC) 0 0 - - 0 

 TOTAL 18 18 16 16 68 

 
Audit Course 1 and 2 

1. English for Research Paper Writing 

2. Disaster Management 

3. Sanskrit for Technical Knowledge 

4. Value Education 

5. Constitution of India 

6. Pedagogy Studies 

7. Stress Management by Yoga 

8. Personality Development through Life Enlightenment Skills 
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I Semester [First Year] 

M. Tech in Chemical Engineering 
 

Sl. 

No. 

Course 

Category 

Course 

Code 

 
Course Title 

Hours per 

week 
 
Credits 

L T P 

 

1 
 

PC 
 

MPCCH1010 

Mathematical and Statistical 

Methods in Chemical 
Engineering 

 

3 
 

0 
 

0 
 

3 

2 PC MPCCH1020 
Advanced Separation 
Processes 

3 0 0 3 

 

 
 

3 

 

 
 

PE 

MPECH1031 
Process Design and 
Synthesis 

 

 
 

3 

 

 
 

0 

 

 
 

0 

 

 
 

3 
MPECH1032 Chemical Reactor Analysis 

MPECH1033 Fluidization Engineering 

 Process Modeling and 
Simulation 

 

 

 
4 

 

 

 
PE 

MPECH1041 Industrial Pollution Control  

 

 
3 

 

 

 
0 

 

 

 
0 

 

 

 
3 

 

MPECH1042 

Application of 

Nanotechnology in 
Chemical Engineering 

MPECH1043 Chemoinformatics 

 Solvent Extraction 

5 MC MMCCH1050 
Research Methodology and 
IPR 

2 0 0 2 

 

6 
 

PC 
 

MPCCH1160 

Laboratory-I 

Process Modeling and 

Simulation laboratory 

 

0 
 

0 
 

4 
 

2 

 
7 

 
PC 

 
MPCCH1170 

Laboratory-II 

Advanced separation 

processes 

 
0 

 
0 

 
4 

 
2 

8 AC MACCH108* Audit Course 1 2 0 0 0 

 Total Credits: 18 
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II Semester [First Year] 

M. Tech in Chemical Engineering 
 

Sl. 

No. 

Course 

Category 

Course 

Code 

 
Course Title 

Hours per 

week 
 
Credits 

L T P 

1 PC MPCCH2010 
Advanced Transport 
Phenomena. 

3 0 0 3 

2 PC MPCCH2020 
Advanced Reaction 
Engineering 

3 0 0 3 

 

 

 
3 

 

 

 
PE 

MPECH2031 
Modern concepts in Catalysis 

and Surface Phenomenon 
 

 

 
3 

 

 

 
0 

 

 

 
0 

 

 

 
3 

MPECH2032 
Advanced Downstream 
Processes 

MPECH2033 
Computational Fluid 
Dynamics 

MPECH2034 Bioprocess Engineering 

 

 
 

4 

 

 
 

PE 

MPECH2041 
Process Plant Design & Flow 
sheeting 

 

 
3 

 

 
0 

 

 
0 

 

 
3 MPECH2042 Process Intensification 

MPECH2043 
Micro Flow Chemistry and 

Process Technology 

MPECH2044 Waste Water Engineering     

 

5 
 

PC 
 

MPCCH2150 
Laboratory 3 
Advanced Chemical Reaction 

Engineering laboratory 

 

0 
 

0 
 

4 
 

2 

 

6 
 

PC 
 

MPCCH2160 
Laboratory 4 
Advanced Chemical 

Engineering Laboratory 

 

0 
 

0 
 

4 
 

2 

7 Project MPJCH2170 Mini Project 0 0 4 2 

8 AC MACCH208* Audit Course 2 2 0 0 0 

 Total Credits: 18 

*Students be encouraged to go to Industrial Training/Internship for at least 2-3 months duringsemester 

break. 

 Online MOOC courses may contribute up to 10% of the credits, with in-house examinations 

being conducted. 
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III Semester [Second Year] 

M. Tech in Chemical Engineering 
 

Sl. 

No. 

Course 

Category 

Course 

Code 

 
Course Title 

Hours per 

week 
 
Credits 

L T P 

 

 

 
1 

 

 

 
PE 

MPECH3011 
Design of Experiments and 
Parameter Estimation 

 

 

 
0 

 

 

 
0 

 

 

 
3 

 

 

 
3 

MPECH3012 Computer Aided Design 

MPECH3013 Cleaner Production 

 

MPECH3014 

Membrane Technologies for 
Water and Wastewater 
Treatment 

 

 

 
 

2 

 

 

 
 

OE 

MOECH3021 Business Analytics  

 

 
 

0 

 

 

 
 

0 

 

 

 
 

3 

 

 

 
 

3 

MOECH3022 Industrial Safety 

MOECH3023 Operations Research 

MOECH3024 
Cost Management of 
Engineering Projects 

MOECH3025 Composite Materials 

MOECH3026 Waste to Energy 

3 Project MPJCH3130 
Dissertation Phase - I / 
Industrial Project 

0 0 20 10 

 Total Credits: 16 

*Students going for Industrial Project/Thesis will complete these courses through MOOCs. 

 

 
 

IV Semester [Second Year] 

M. Tech in Chemical Engineering 
 

Sl. 

No. 

Course 

Category 

Course 

Code 

 
Course Title 

Hours per 

week 
 
Credits 

L T P 

1 Project MPJCH4110 Dissertation Phase – II 0 0 32 16 

 Total Credits: 16 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Mathematical and Statistical Methods in 

Chemical Engineering 
3 0 0 3 

A 

Course Educational Objectives 

CEO1 To give students an insight in various Chemical Engineering Processes using advanced Numerical and 

Statistical Methods. 

CEO2 To provide adequate background of Mathematics to deal with Chemical Engineering Problems 

CEO3 To understand research papers on relevant topics involving advanced Mathematics. 

CEO4 To study correlation and regression of multivariate data. 

CEO5 To evaluate Experimental design methods and statistical quality control measures 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Students should be able to solve system of linear algebraic equations 

CO2 Students should be able to do numerical integrations of functions. 

CO3 Students should be able to fit relationship between two data sets using linear, non-linear regression. 

CO4 Students should be able to calculate maxima/minima and functions. 

CO-PO & PSO Mapping 

 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3    3           

CO4 1 2  2           

Avg 1.5 1.3 2 2.5           
 

SYLLABUS 

UNIT I: Equation Forms in Process Modeling, Introduction and Motivation, Linear and Nonlinear Algebraic 

Equation, Optimization based Formulations, ODE-IVPs and Differential Algebraic Equations, ODE-BVPs and 

PDEs, Abstract model forms.Fundamentals of Vector Spaces, Generalized concepts of vector space, sub-space, 

linear dependence, Concept of basis, dimension, norms defined on general vector spaces, Examples of norms 

defined on different vector spaces, Cauchy sequence and convergence, introduction to concept of completeness and 

Banach spaces, Inner product in a general vector space, Inner-product spaces and their examples, Cauchy-Schwartz 

inequality and orthogonal sets, Gram-Schmidt process and generation of orthogonal basis, well known orthogonal 

basisMatrix norms. 

UNIT II : Solving Linear Algebraic Equations, System of linear algebraic equations, conditions forexistence of 

solution - geometric interpretations (row picture and column picture), review of 

concepts of rank and fundamental theorem of linear algebra, Classification of solution approaches asdirect and 

iterative, review of Gaussian elimination, Introduction to methods for solving sparse linearsystems: Thomas 

algorithm for tridiagonal and block tridiagonal matrices, Block-diagonal, triangularand block-triangular systems, 

solution by matrix decomposition, Iterative methods: Derivation ofJacobi, Gauss-Siedel and successive over- 

relaxation methods, Convergence of iterative solutionschemes: analysis of asymptotic behavior of linear difference 

equations using Eigenvalues,Convergence of iterative solution schemes with examples, Convergence of iterative 

solutionschemes, Optimization based solution of linear algebraic equations, Matrix conditioning, examplesof well 

conditioned and ill-conditioned linear systems. 

UNIT III: Solving Nonlinear Algebraic Equations, Method of successive substitutions derivative freeiterative 

solution approachesSecant method, regulafalsi method and Wegsteine iterations, ModifiedNewton’s method and 

qausi-Newton method with Broyden’s update, Optimization basedformulations and Leverberg-Marquardt method, 

Contraction mapping principle and introduction toconvergence analysis.. 
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UNIT IV : Solving Ordinary Differential Equations, Initial Value Problems (ODE-IVPs), Introduction,Existence of 

Solutions (optional topic),Analytical Solutions of Linear ODE-IVPs, AnalyticalSolutions of Linear ODE-IVPs 

(contd.), Basic concepts in numerical solutions of ODE-IVP: stepsize and marching, concept of implicit and 

explicit methods, Taylor series based and Runge-Kuttamethods: derivation and examplesRunge-Kutta methods, 

Multi-step (predictor-corrector)approaches: derivations and examples, Multi-step (predictor-corrector) approaches: 

derivations andexamples, Stability of ODE-IVP solvers, choice of step size and stability envelopes, Stability of 

ODE-IVP solvers (contd.), stiffness and variable step size implementation, Introduction to solutionmethods for 
differential algebraic equations (DAEs), Single shooting method for solving ODEBVPs. 

Teaching Methods: Chalk& Board 

Ref. Books 

1. Gilbert Strang, Linear Algebra and Its Applications (4th Ed.), Wellesley Cambridge Press (2009). 

2. Philips, G. M.,Taylor, P. J. ; Theory and Applications of Numerical Analysis (2nd Ed.), Academic Press, 1996. 

3. Gourdin, A. and M Boumhrat; Applied Numerical Methods. Prentice Hall India, New Delhi, (2000). 

4.Gupta, S. K.; Numerical Methods for Engineers.Wiley Eastern, New Delhi, 1995. 

5. Linz, P.; Theoretical Numerical Analysis, Dover, New York, (1979). 

6. Gilbert Strang , Introduction to Applied Mathematics, Wellesley Cambridge Press (2009) 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Advanced Separation Processes 3 0 0 3 A 

Course Educational Objectives 

CEO1 To familiarize students with various advanced aspects of separation processes and the selection of 

separation processes. 

CEO2 To enable students to understand the principles and processes of adsorption, membrane separation and 

chromatography and to design an absorber or a membrane unit to achieve a specified separation 

CEO3 To introduce them to new trends used in the separation technologies. 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 List situations where liquid–liquid extraction might be preferred to distillation, make a preliminary 

selection of a solvent using group-interaction rules, Size simple extraction equipment. 

CO2 Differentiate between chemisorption and physical adsorption, List steps involved in adsorption of a 

solute, and which steps may control the rate of adsorption, Explain the 
concept of breakthrough in fixed-bed adsorption. 

CO3 Explain how crystals grow, Explain the importance of supersaturation in crystallization. 

Describe effects of mixing on supersaturation, mass transfer, growth, and scale-up of 

crystallization. 

CO4 Explain membrane processes in terms of the membrane, feed, sweep, retentate, permeate, and solute 

membrane interactions. Distinguish among microfiltration, ultrafiltration, nanofiltration, virus filtration, 

sterile filtration, filter-aid filtration, and reverse osmosis in terms of average pore size. Explain common 
idealized flow patterns in membrane modules. 

 CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3 1  1 2           

CO4 1 2             

Avg 1.33 1.33 1.5 2           
 

 

SYLLABUS 

UNIT I: Introduction: Conventional separation processes - Absorption, Adsorption, Conventional separation 

processes - Distillation, Drying, Conventional separation processes - Extraction, Diffusion, Conventional separation 

processes - Leaching, Crystalisation, Advances in separation techniques based on size, Advances in separation 

techniques based on surface properties, Advances in separation techniques based on ionic properties, Cross flow 

filtration, Electro filtration, Dual functional filter, Surface based solid-liquid separations involving a second liquid, 

Sirofloc filter 

UNIT II : Bubble and Foam Fractionation: Nature of bubbles and foams, stability of foams, foam fractionation 

techniques, batch, continuous, single stageand multistage columns. 

Types and choice of membranes, Plate and frame, spiral wound membranes, Tubular and hollow 

fibre membrane reactors, Membrane Permeates: Dialysis, Reverse osmosis, Nanofiltration, 

Ultrafiltration, microfiltration, Donnan dialysis, Ceramic membranes. 

UNIT III: Membrane Separation: Characteristics of organic and inorganic membranes, basis of 

membrane selection, osmotic pressure, partition coefficient and permeability, concentration 

Polarization, electrolyte diffusion and facilitated transport, macro-filtration, ultra-filtration, reverse osmosis, 

electro-dialysis. Industrial applications. 

UNIT IV : Special Processes: Liquid membrane separation, super-criticalextraction, adsorptive 
Separation-pressure, vacuum and thermal swing, pervaporation and permeation, nano-separation. 

Teaching Methods: Chalk& Board 
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Ref. Books 

1. King C.J., “Separation Processes”, Tata McGraw Hill. 1982. 

2. Nakagawal, O. V., “Membrane Science and Technology”, Marcel Dekker, 1992. 

3. Humphrey, J and G. Keller, Separation Process Technology, McGraw-Hill, 1997 

4. Khoury F.M., “Multistage Separation Processes”, 3rd Ed., CRC Press. 2004. 

5. Wankat P.C., “Separation Process Engineering”, 2nd Ed., Prentice Hall.2006. 

6. Seader J.D. and Henley E.J., “Separation Process Principles”, 2nd Ed.,Wiley.2006 

7. Basmadjian D., “Mass Transfer and Separation Processes: Principlesand Applications”, 2nd Ed., 

8. CRC Press.2007. 

9. Phillip C. Wankat , Separation Process Engineering (2nd Edition),Printice Hall,2007 

10. Rousseau, R. W., “Handbook of Separation Process Technology”, John Wiley, New York, 2009. 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Process Design and Synthesis 3 0 0 3 A 

Course Educational Objectives 

CEO1 To understand the systematic approaches for the development of conceptual chemical process designs 

CEO2 To learn the advances in problem formulation and software capabilities which offer the promise of a new 

generation of practical process synthesis techniques based directly on structural optimization 

CEO3 Learning chemical process synthesis, analysis, and optimization principles 

CEO4 Product design and development procedure and Process life cycle assessment. 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Analyze alternative processes and equipment 

CO2 Synthesize a chemical process flow sheet that would approximate the real process 

CO3 Design best process flow sheet for a given product 

CO4 Perform economic analysis related to process design and evaluate project profitability 

  

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3 2 3             

CO4 1 2             

Avg 1.33 1.75 2            
 

SYLLABUS 

UNIT I: Introduction 

Introduction to fundamental concepts and principles of process synthesis and design and use of flow sheet  

simulators to assist process design. Process Flow sheet Models: An Introduction to Design, Chemical process 

synthesis, analysis and optimization. Introduction to commercial process design software such as HYSYS, Aspen 

plus etc., Chemical Process (reactor, heat exchanger, distillation etc) analysis using commercial software 

UNIT II : Product designand developments 

Process engineering economics and project evaluation Life Cycle Assessments of process: From 

design to product development, Engineering Economic Analysis of Chemical Processes, Project 

costing and performance analysis, Environmental concerns, Green engineering, Engineering ethics,Health and 

safety. 

UNIT III: Reactor Networks 

Geometry of mixing and basic reactor types, The Attainable Region (AR) approach, AR in higher dimensions & for 

other processes, Reactive Separation processes, Fundamental behavior and problems, Separation through reactions. 

Reactive Residue Curve Maps 

UNIT IV Heat Exchanger Network Synthesis 

Minimum heating and cooling requirements, Minimum Energy Heat Exchanger Network, Loops and Paths, 

Reducing Number of Exchangers, HENS basics & graphics, The pinch point approach, Stream Splitting, 

Performance targets, trade-off & utilities, Heat & power integration, HENS as mathematical programming 

Teaching Methods: Chalk& Board 
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Ref. Books 

1. Douglas, J. “Conceptual Design of Chemical Processes”,New York, NY: McGraw-Hill 

Science/Engineering/Math, 1988. ISBN: 0070177627. 

2. Seider, W. D., J. D. Seader, and D. R. Lewin. “Product and Process Design Principles: 

Synthesis, Analysis, and Evaluation”,. 2nd ed. New York, NY: Wiley, 2004. ISBN: 

0471216631. 

3. Richard Turton, Richard C. Bailie, Wallace B. Whiting, Joseph A. Shaeiwitz., “Analysis,  

Synthesis, and Design of Chemical Processes”, 2nd Edition, 2002, Prentice Hall ISBN-10: 0- 

13-064792-6 

4. Biegler L.T., Grossmann I.E. and Westerberg A.W., “Systematic Methods of Chemical 

Process Design”, Prentice Hall, 1997. 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Process Design and Synthesis 3 0 0 3 A 

Course Educational Objectives 

CEO1 To understand the systematic approaches for the development of conceptual chemical process designs 

CEO2 To learn the advances in problem formulation and software capabilities which offer the promise of a new 

generation of practical process synthesis techniques based directly on structural optimization 

CEO3 Learning chemical process synthesis, analysis, and optimization principles 

CEO4 Product design and development procedure and Process life cycle assessment. 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Analyze alternative processes and equipment 

CO2 Synthesize a chemical process flow sheet that would approximate the real process 

CO3 Design best process flow sheet for a given product 

CO4 Perform economic analysis related to process design and evaluate project profitability 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2 2 2             

CO3 3              

CO4 1 2 1            

Avg 2 1.33 1            
 

  

SYLLABUS 

UNIT I: Introduction 

Introduction to fundamental concepts and principles of process synthesis and design and use of flow sheet  

simulators to assist process design. Process Flow sheet Models: An Introduction to Design, Chemical process  

synthesis, analysis and optimization. Introduction to commercial process design software such as HYSYS, Aspen 

plus etc., Chemical Process (reactor, heat exchanger, distillation etc) analysis using commercial software 

UNIT II : Product designand developments 

Process engineering economics and project evaluation Life Cycle Assessments of process: From 

design to product development, Engineering Economic Analysis of Chemical Processes, Project 

costing and performance analysis, Environmental concerns, Green engineering, Engineering ethics, Health and 
safety. 

UNIT III: Reactor Networks 

Geometry of mixing and basic reactor types, The Attainable Region (AR) approach, AR in higher dimensions & for 

other processes, Reactive Separation processes, Fundamental behavior and problems, Separation through reactions. 

Reactive Residue Curve Maps 

UNIT IV Heat Exchanger Network Synthesis 

Minimum heating and cooling requirements, Minimum Energy Heat Exchanger Network, Loops and Paths, 

Reducing Number of Exchangers, HENS basics & graphics, The pinch point approach, Stream Splitting, 

Performance targets, trade-off & utilities, Heat & power integration, HENS as mathematical programming 

Teaching Methods: Chalk& Board 
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Ref. Books 

1. Douglas, J. “Conceptual Design of Chemical Processes”,New York, NY: McGraw-Hill 

Science/Engineering/Math, 1988. ISBN: 0070177627. 

2. Seider, W. D., J. D. Seader, and D. R. Lewin. “Product and Process Design Principles: 

Synthesis, Analysis, and Evaluation”,. 2nd ed. New York, NY: Wiley, 2004. ISBN: 

0471216631. 

3. Richard Turton, Richard C. Bailie, Wallace B. Whiting, Joseph A. Shaeiwitz., “Analysis,  

Synthesis, and Design of Chemical Processes”, 2nd Edition, 2002, Prentice Hall ISBN-10: 0- 

13-064792-6 

4. Biegler L.T., Grossmann I.E. and Westerberg A.W., “Systematic Methods of Chemical 

Process Design”, Prentice Hall, 1997. 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Chemical Reactor Analysis 3 0 0 3 A 

Course Educational Objectives 

CEO1 To learn the heterogeneous catalyzed reactions and the models involved in reactor design 

CEO2 To study mass and heat transfer mechanisms in the different reactors 

CEO3 To appreciate the importance of both external and internal transport effects in gas-solid and liquid-solid 

systems 

CEO4 To design isothermal and non-isothermal reactors for heterogeneous catalytic reactions 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Evaluate heterogeneous reactor performance considering mass transfer limitations 

CO2 Perform the energy balance and obtain concentration profiles in multiphase reactors. 

CO3 Estimate the performance of multiphase reactors under non-isothermal conditions 

CO4 Design types of reactors  

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2  3            

CO2   3 1           

CO3  2  3           

CO4   1     2       

Avg 2 2 2.33 2    2       
 

 

SYLLABUS 

UNIT I: 

Chemical factor affecting the choice of the reactor, fundamental mass, energy and 

momentum balance, Model for a semi-batch reactor, optimum operation policies and control 

strategies, optimal batch operation time, optimal temperature policies, stability of operation and 

transient behavior for mixed flow reactor. Transient CSTR analysis, Hot spot equation; Optimization using 

Lagrange multiplier, Poyntrgins maximum principle. 

UNIT II : 

Fixed bed catalytic reactor: The importance and scale of fixed bed catalytic processes, 

factors in preliminary design, modeling of fixed bed reactor. Pseudo-homogeneous model, the multibed adiabatic 

reactor, auto-thermal operation, non-steady-state model with axial mixing, two dimensional pseudo-homogeneous 

models, heterogeneous models, global and intrinsic rates, Mechanism of catalytic reactions, Engineering properties 

of catalysts - BET surface area, pore volume, pore size, pore size distribution, one dimensional and two 
dimensional model equation. 

UNIT III: 

Multiphase flow reactor: Types of multiphase flow reactors, packed columns, plate 

columns, empty columns, stirred vessel reactors.Development of rate equations for solid catalyzed fluid phase 

reactions; Estimation of kinetic parameters. External mass and heat transfer in catalyst particles. Stability and  

selectivity, Packed bed reactor, slurry reactor; Trickle bed reactor and fluidized bed reactor. Intra-particle heat and 

mass transfer - Wheelers parallel pore model, random pore model of Wakao and Smith. deactivation of catalyst, 

Ideal and non-ideal flow in reactors. 

UNIT IV 

Temperature effects in reactor: Introduction, well mixed system with steady feed, the 

stability and start-up of CSTR, limit cycles and oscillatory reactions, the plug flow reactors, tubular reactor, 

diffusion control, prorogation of reaction zone 

Teaching Methods: Chalk& Board 
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Ref. Books 

1. Froment G. F. and K.B.Bischoff, “ Chemical Reactor Analysis and Design”, John Wiley & Sons 

2. Denbigh K. G. and J.C. Turner, “ Chemical Reactor and Theory – an Introduction”, 3rd edition 

Cambridge University Press. 

3. Bruce Nauman, “ Chemical Reactor Design”, John Wiley & Sons 

4. Elements of Chemical Reaction Engineering by H. Scott Fogler 

5. Chemical Engineering Kinetics by J. M. Smith. 

6. Chemical Reactor Design and Operation by K. R. Westerterp, W. P. M. Van Swaaij and A. A. C. M. 

BeenackersReference 

7. Chemical Reactor Analysis and Design by G. F. Froment and K. B. Bischoff 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Fluidization Engineering 3 0 0 3 A 

Course Educational Objectives 

CEO1 To study the phenomenon of fluidization with industrial processing objective 

CEO2 To study the various regimes of fluidization and their mapping. 

CEO3 To study the design of equipments based on fluidization technique 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Performing and understanding the behavior fluidization in fluidized bed 

CO2 Evaluate the characterization of particles and power consumption in fluidization regimes 

CO3 Understanding the applicability of the fluidized beds in chemical industries 

CO4 Develop different types of fluidized bed.   

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3    3           

CO4 1 2  2           

Avg 1.5 1.33 2 2.5           
 

 

SYLLABUS 

UNIT I:   Introduction to fluidization and applications 

Phenomenon of fluidization, behavior of fluidized bed, contacting modes, advantages and 

disadvantages of fluidization, fluidization quality, selection of contacting mode, Beds for Industrial applications, 

coal gasification, synthesis reactions, physical operations, cracking of hydrocarbons 

UNIT II : Bubbling fluidized beds 

Davidson model for bubble in a fluidized bed, and its implications, the wake region and movement of solids at  

bubbles, coalescence and splitting of bubbles, bubble formation above a distributor, slug flow, Turbulent and fast 

fluidization - mechanics, flow regimes and design equations, Emulsion movement, estimation of bed properties, 

bubble rise velocity, scale up aspects, flow models, two phase model, K-L model 

UNIT III: Solids movement and Gas dispersion 

Vertical and horizontal movement of solids, Dispersion model, large solids in beds of smaller 

particles, staging of fluidized beds 

Gas dispersion in beds, gas interchange between bubble and emulsion, estimation of gas interchange coefficient, 

Heat and mass transfer in fluidized systems, Mixing in fluidized systems – measurements and models. 

UNIT IV Fluidized bed reactors 

Entrainment and elutriation, Freeboard behavior, gas outlet, entrainment from tall vessel, freeboard entrainment 

model, high velocity fluidization, pressure drop in turbulent and fast fluidization, Slugging, Spouted beds,  

Circulating Fluidized Beds. Mathematical model of a homogeneous fluidized bed, Design of catalytic reactors, pilot 

plant reactors, information for design, bench scale reactors, design decisions, deactivating catalysts,Design of  

noncatalytic reactors, kinetic models for conversion of solids, models for shrinking particles, conversion of solids 

of unchanging size 

Teaching Methods: Chalk& Board 

Ref. Books 

1. Levenspiel O. and Kunnii D., “Fluidization Engineering”, John Wiley, 1972 

2. Liang-Shih Fan, “Gas-Liquid-Solid Fluidization Engineering”, Butterworths, 1989 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Industrial Pollution Control 3 0 0 3 A 

Course Educational Objectives 

CEO1 To understand the importance of industrial pollution and its abatement 

CEO2 To study the underlying principles of industrial pollution control 

CEO3 To acquaint the students with case studies 

CEO4 Student should be able to design complete treatment system 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Recognize the causes and effects of environmental pollution 

CO2 Analyze the mechanism of proliferation of pollution 

CO3 Develop methods for pollution abatement and waste minimization 

CO4 Design treatment methods for gas, liquid and solid wastes 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3    2      2     

CO4 1 2  1    1   2    

Avg 1.5 1.33 2 1.5    1  2 2    
 

 

SYLLABUS 

UNIT I:  Industries & Environment 

Industrial scenario in India - Industrial activity and Environment - Uses of Water by industry - 

Sources and types of industrial wastewater - Industrial wastewater and environmental impacts - 

Regulatory requirements for treatment of industrial wastewater - Industrial waste survey – Industrial wastewater 

generation rates, characterization and variables - Population equivalent - Toxicity of industrial effluents and 

Bioassay tests. 

UNIT II : Air Pollutant Abatement 

Air pollutants scales of concentration, lapse rate and stability, plume behavior, dispersion of air 

pollutants, atmospheric dispersion equation and its solutions, Gaussian plume models.Air pollution control  

methods, Source correction methods, Design concepts for pollution abatement systems for particulates and gases. 

Such as gravity chambers, cyclone separators, filters, electrostatic precipitators, condensation, adsorption and 

absorption, thermal oxidation and biological processes. 

UNIT III: Waste water treatment processes 

Design concepts for primary treatment, grid chambers and primary sedimentation basins, selection of treatment 

process flow diagram, elements of conceptual process design, design of thickner, biological treatment Bacterial  

population dynamics, kinetics of biological growth and its applications to biological treatment, process design 

relationships and analysis, determination of kinetic coefficients, activated sludge process. Design, trickling filter 

design considerations, advanced treatment processes, Study of environment pollution from process industries and 

their abatement: Fertilizer, paper and pulp, inorganic acids, petroleum and petrochemicals, recovery of materials 

from process effluents. 

UNIT IV Solid waste and Hazardous waste management 

Sources and classification, properties, public helth aspects, Sanitary land fill design, Hazardous 

waste classification and rules, management strategies, Nuclear waste disposal Treatment methods – component 

separation, chemical and biological treatment, incineration, solidification and stabilization, and disposal methods, 

Latest Trends in solid waste management. 

Teaching Methods: Chalk& Board 
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Ref. Books 

1. Rao C.S., “Environmental Pollution Control Engineering”, 2nd edition 

2. Mahajan S.P., “Pollution Control in Process Industries”. 

3. Nemerow N.L., “Liquid waste of industry- theories, Practices and Treatment”, Addison 

Wesley, New York, 1971 

4. Weber W.J., “Physico-Chemical Processes for water quality control”, Wiley Interscience 

New York, 1969 

5. Strauss W., “Industrial Gas Cleaning”, Pergamon, London, 1975 

6. Stern A.C., “Air pollution”, Volumes I to VI, academic Press, New York, 1968 

7. Peterson and Gross .E Jr., “Hand Book of Noise Measurement”, 7th Edn, 2003. 

8. Antony Milne, “Noise Pollution: Impact and Counter Measures”, David & Charles PLC, 

2009. 



Curriculum for M. Tech in Chemical Engineering 2023 

19 

 

 

 

 

 
SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Application of Nanotechnology in 

Chemical Engineering 
3 0 0 3 

A 

Course Educational Objectives 

CEO1 To understand the fundamentals of the preparation and properties of nanomaterials from a chemical 

engineering perspective 

CEO2 To gain knowledge of structure, properties, manufacturing, and applications of various 

CEO3 Student should be able to design complete treatment system 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Understanding the different top down and bottom up approaches for nanoparticles 

CO2 Get to know the different applications of nanoparticles in chemical engineering field. 

CO3 Learning the characterization techniques for nanoparticles. 

CO4 To gain knowledge about the application of Nano materials  

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3  1  2           

CO4 1 2  2           

Avg 1.5 1.25 2 2           
 

 

SYLLABUS 

UNIT I: Introduction 

Introduction to nanotechnology, Feynman’s Vision-There’s Plenty of Room at the Bottom, 

Classification of nanostructures, Nanoscale architecture, Chemical interactions at nanoscale, Types of carbon based 

nanomaterials, Synthesis of fullerenes, Graphene, Carbon nanotubes, 

Functionalization of carbon nanotubes, One, two and multidimensional structures, Crystallography. 

UNIT II : Approaches to Synthesis of Nanoscale Materials and characterization 

Top down approach, Bottom up approach Bottom-up vs. top-down fabrication; Top-down: 

Atomization, Sol gel technique, Arc discharge, Laser ablation, RF sputtering; Bottom-up: Chemical Vapor 

Deposition (CVD), Metal Oxide Chemical Vapor Deposition (MOCVD), Atomic layer deposition (ALD), 

Molecular beam Molecular self-assembly; Ultrasound assisted, microwave assisted, Mini, micro and nanoemulsion. 

Wet grinding method, Spray pyrolysis, Ultrasound assisted pyrolysis, atomization techniques. Surfactant based  

synthesis procedures, Types of molecular modeling methods. Size, shape, crystallinity, topology, chemistry 

analysis usingX-ray imaging, Transmission Electron Microscopy, HRTEM, Scanning Electron Microscopy, SPM, 

AFM, STM, PSD, Zeta potential, DSC and TGA. 

UNIT III: Polymer-based and Polymer-filled Nanocomposites 

Nanoscale Fillers, Nanofiber or Nanotube Fillers, Plate-like Nanofillers, Equi-axed Nanoparticle 

Fillers, Inorganic Filler Polymer Interfaces, Processing of Polymer Nanocomposites, 

Nanotube/Polymer Composites, Layered Filler Polymer Composite Processing, 

Nanoparticle/Polymer Composite Processing: Direct Mixing, Solution Mixing, In-Situ 

Polymerization, In-Situ Particle Processing, In-Situ Particle Processing Metal/Polymer 

Nanocomposites, Properties of nanocomposites. 

UNIT IV Applications to Safety, Environment and Others 

Chemical and Biosensors- Classification and Main Parameters of Chemical and Biosensors, 

Nanostructured Materials for Sensing, Waste Water Treatment, Nanobiotechnology, Drug Delivery, Nanocoatings, 

Self cleaning Materials, Hydrophobic Nanoparticles, Photocatalysts, Biological nanomaterials, Nanoelectronics, 

Nanomachines & nanodevices, Societal, Health and Environmental Impacts. 

Teaching Methods: Chalk& Board 
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Ref. Books 

1. Louis Hornyak G., Dutta Joydeep, Tibbals Harry F. and Rao Anil K., “Introduction to 

Nanoscience”, (CRC Press of Taylor and Francis Group LLC), May 2008, 856pp, ISBN-13: 

978142004805 

2. Ajayan P. M., Schadler L. S., Braun P. V., “Nanocomposite Science and Technology”, Edited by 

WILEY-VCH Verlag GmbH Co. KGaA, Weinheim ISBN: 3-527-30359-6, 2003. 

3. Kelsall Robert W., Hamley Ian W., GeogheganMark, “Nanoscale Science and 

Technology”,John Wiley & Sons, Ltd, 2006. 

4. Kal Ranganathan Sharma, “Nanostructuring Operations in Nanoscale Science and Engineering”, McGraw-Hill 

Companies, Inc. ISBN: 978-0-07-162609-5, 2010. 

5. “Organic and inorganic nanostructures”.-(Artech House MEMS series), Nabok, Alexei, ISBN 1- 58053-818-5, 
2005. 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Chemoinformatics 3 0 0 3 A 

Course Educational Objectives 

CEO1 To give students a concept of Chemo-informatics related to chemical structure databases and database 

search methods 

CEO2 To understand the quantum methods and models involved in drug discovery and targeted 

CEO3 To study the application of Chemical Libraries, Virtual Screening, Prediction of 

Pharmacological Properties 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 The course will introduce the students preparing for professional work in chemistry must learn how to 

retrieve specific information from the enormous and rapidly expanding chemical literature. 

CO2 The course will provide a broad overview of the computer technology to chemistry in all of its 

manifestations. 

CO3 The course will expose the student to current and relevant applications in QSAR and Drug Design. 

CO4 Develop different models 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3    3           

CO4 1 2  2           

Avg 1.5 1.33 2 2.5           
 

 

SYLLABUS 

UNIT I: Chemo-informatics 

Introduction, scope and application, Basics of Chemo-informatics, Current Chemo-informatics 

resources for synthetic polymers, pigments. Primary, secondary and tertiary sources of chemical 

information, Databases: Chemical Structure Databases (PubChem, Binding database, Drugbank), Database search 

methods:chemical indexing, proximity searching, 2D and 3D structure and substructure searching. Drawing the 

Chemical Structure: 2D & 3D drawing tools (ACD Chemsketch) Structure optimization. 

UNIT II : Analysis and use of chemical reaction information 

Chemical property information, spectroscopic information, analytical chemistry information, 

chemical safety information, Drug Designing: Prediction of Properties of Compounds, QSAR Data Analysis, 

Structure-Activity Relationships, Electronic properties, Lead Identification, Molecular Descriptor Analysis. 

UNIT III: Target Identification 

Molecular Modeling and Structure Elucidation: Homology Modelling (Modeller 9v7, PROCHECK), Visualization 

and validation of the Molecule (Rasmol, Pymol Discovery studio), Applications of Chemoinformatics in Drug 

Research - Chemical Libraries, Virtual Screening, Prediction of Pharmacological Properties. 

UNIT IV Drug Discovery 

Structure based drug designing, Docking Studies (Target Selection, Active site analysis, Ligand 

preparation and conformational analysis, Rigid and flexible docking, Structure based design of lead compounds, 

Library docking), Pharmacophore - Based Drug Design, Pharmacophore Modeling (Identification of 

pharmacophore features, Building 2D/3D pharmacophore hypothesis), Toxicity Analysis-Pharmacological 

Properties (Absorption, Distribution and Toxicity), Global Properties (Oral Bioavailability and Drug-Likeness) 
(ADME, OSIRIS, and MOLINSPIRATION) 

Teaching Methods: Chalk& Board 
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Ref. Books 

1. Bajorath J (2004), “Chemoinformatics: Concepts, Methods and Tools for Drug Discovery”Humana Press 

2. Leach A, Gillet V, “An Introduction to Chemoinformatics” Revised edition, Springer 

3. Gasteiger J. Engel T. “A textbook of Chemoinformatics” Wiley- VCH GmbH & Co. KGaA 

4. Bunin B. Siesel B. Guillermo M. “Chemoinformatics: Theory, Practice & Products”, Springer 

5. Lavine B. (2005), “Chemometrics and Chemoinformatics”, American Chemical Society 

6. Casteiger J. and Engel T (2003) “Chemoinformatics” Wiley-VCH 

7. Bunin Barry A. Siesel Brian, Morales Guillermo,Bajorath Jürgen. Chemoinformatics:Theory, Practice, & 

Products Publisher:New York, Springer. 2006. 

8. Leach Andrew R., Valerie J. Gillet, “An introduction to Chemoinformatics”, Publisher:Kluwer academic, 2003. 

ISBN: 1402013477 

9. Gasteiger Johann, Handbook of Chemoinformatics: From Data to Knowledge (4 Volumes), 
2003. Publisher: Wiley-VCH. 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Laboratory I Modeling and Simulation 

laboratory 
3 0 0 3 

A 

Course Educational Objectives 

CEO1 To learn Process Modeling and Simulation of Chemical operations and processes. 
CEO2 To understand Dynamic Behavior of processes. 
CEO3 To understand Close loop control of processes. 
CEO4 To learn Dynamic simulation of chemical processes. 
CEO5 To get acquainted with Controllability Analysis of chemical processes. 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Carry out thermodynamic property estimations using property estimation and property 

analysis in Aspen. 
CO2 Simulate Mixer, splitter, heat exchangers, reactors, distillation columns. 
CO3 Apply sensitivity, design specification and case study tools in Aspen. 
CO4 Solve linear and non-linear programming problems. 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3 2 2             

CO4 1 2  2           

Avg 1.33 1.5 2 2           
 

 

List of experiments: Simulation laboratory practical 

1. Thermodynamic property estimations using property estimation and property analysis in 

Aspen. 

2. Simulate Mixer, splitter, heat exchangers, and reactive distillation column. 

3. Apply sensitivity, design specification and case study tools in Aspen 

4. Solve linear and non-linear programming problems. 

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

6. Stability analysis using Bode diagrams for control systems. 

7. Simulation of Ideal Binary Distillation Column 

8. Simulation of Heat/Mass Transfer coefficient in 3 phase fluidized bed column 

9. Simulation studies of various unit operations using CHEMCAD. 

10. Modeling and Simulation of cyclone separator 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Lab Practice: II Advanced separation 

processes 
3 0 0 3 

A 

Course Educational Objectives 

CEO1 To familiarize students with various advanced aspects of separation processes and the 

selection of separation processes. 
CEO2 To enable students to understand the principles and processes of adsorption, membrane 

separation and chromatography and to design an absorber or a membrane unit to 

achieve a specified separation 
CEO3 To introduce them to new trends used in the separation technologies. 
Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Knowledge of mass transfer operations and mechanical operations 
CO2 Students should be able to know the synthesis of materials and applications in 

separation processes 
CO3 Solve linear and non-linear programming problems. 

CO4 Develop methods for separation  
CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3    3           

CO4 1 2  2           

Avg 1.5 1.33 2 1.5           
 

 

List of experiments: advanced separation processes 

1) Separation of fluoride and arsenic using cellulose acetate asymmetric membrane separation 

process 

2) Adsorption of dyes from waste water using nano adsorbents. 

3) Supercritical extraction of the fragrance. 

4) Study the effect of pressure on permeate flux and solution rejection in RO system. 

5) Mass transfer studies and study the effect of parameters in separation system using liquid 

emulsion membrane. 

6) Laboratory experiments on ion exchange membranes: effect of process parameters on flux 

etc. 

7) Study the reaction with mass transfer: e.g. Synthesis of calcium carbonate. 
8) Study the reactive distillation system considering batch and continuous mode 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Research Methodology and IPR 3 0 0 3 A 

Course Educational Objectives 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Understand research problem formulation. 

CO2 Analyze research related information ,Follow research ethics 

CO3 Understand that today’s world is controlled by Computer, Information Technology, but tomorrow world 

will be ruled by ideas, concept, and creativity. 

CO4 Understanding that when IPR would take such important place in growth of individuals & nation, it is 

needless to emphasis the need of information about Intellectual Property Right to be promoted among 

students in general & engineering in particular. 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3        3  2     

CO4  2        2     

Avg 2 1.33 2     3  2     
 

 

SYLLABUS 

UNIT I: 

Meaning of research problem, Sources of research problem, Criteria Characteristics of a good 

Research problem, Errors in selecting a research problem, Scope and objectives of research problem. 

Approaches of investigation of solutions for research problem, data collection, analysis, interpretation, 

Necessary instrumentations 

UNIT II : 

Effective literature studies approaches, analysis Plagiarism, Research ethics, 

Effective technical writing, how to write report, Paper.Developing a Research Proposal, Format of research 

proposal, a presentation and assessment by areview committee 

UNIT III: 

Nature of Intellectual Property: Patents, Designs, Trade and Copyright. Process of Patenting 

and Development: technological research, Innovation, patenting, and development. International 

Scenario:International cooperation on Intellectual Property. Procedure for grants of patents, Patenting underPCT. 

UNIT IV Patent Rights: Scope of Patent Rights. Licensing and transfer of technology. Patent information and 

databases. Geographical Indications, New Developments in IPR: Administration of Patent System. New 

developments in IPR; IPR of Biological Systems, Computer Software etc. Traditional knowledge Case Studies, IPR 
and IITs. 

Teaching Methods: Chalk& Board 

Ref. Books 

1. Stuart Melville and Wayne Goddard, “Research methodology: an introduction for science & 

engineering students’” 

2. Wayne Goddard and Stuart Melville, “Research Methodology: An Introduction” 

3. Ranjit Kumar, 2nd Edition , “Research Methodology: A Step by Step Guide for beginners” 

4. Halbert, “Resisting Intellectual Property”, Taylor & Francis Ltd ,2007. 

5. Mayall , “Industrial Design”, McGraw Hill, 1992. 

6. Niebel , “Product Design”, McGraw Hill, 1974. 

7. Asimov , “Introduction to Design”, Prentice Hall, 1962. 

8. Robert P. Merges, Peter S. Menell, Mark A. Lemley, “ Intellectual Property in New Technological Age”, 

2016. 

9. T. Ramappa, “Intellectual Property Rights Under WTO”, S. Chand, 2008 



Curriculum for M. Tech in Chemical Engineering 2023 

26 

 

 

 

 

 

 

 

 

 
SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Advanced Transport Phenomena 3 0 0 3 A 

Course Educational Objectives 

CEO1 To familiarize the student with basic concepts of transport phenomena and brief review of mathematics 

Flow. 

CEO2 To enable students to understand the equations of change for isothermal flow and for non isothermal. 

CEO3 To introduce them details of equations of change for multi component systems. 

CEO4 To give them insight into properties of two-dimensional flows and aspects of dimensional analysis 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Understand the mechanism of momentum, heat and mass transport for steady and unsteady flow. 

CO2 Perform momentum, energy and mass balances for a given system at macroscopic and microscopic scale. 

CO3 Solve the governing equations to obtain velocity, temperature and concentration profiles. 

CO4 Develop analogies among momentum, energy and mass transport. 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3  3             

CO4 1 2    1         

Avg 1.5 1.75 2   1         
 

 

SYLLABUS 

UNIT I INTERPHASE TRANSPORT IN ISOTHERMAL SYSTEMS 

Definition of Friction Factors, Friction Factors for Flow in Tubes, Pressure Drop Required for a Given Flow, Flow 

Rate for a Given Pressure Drop, Friction Factors for Flow around Spheres Determination of the Diameter of a  

Falling Sphere, Friction Factors for Packed Columns. Case studies 

UNIT II MACROSCOPIC BALANCES FOR ISOTHERMAL FLOW SYSTEMS AND POLYMERIC LIQUIDS 

The Macroscopic Mass Balance , The Macroscopic Momentum Balance , The Macroscopic Mechanical Energy 

Balance , Estimation of the Viscous Loss , Power Requirement for Pipeline Flow , Use of the Macroscopic 

Balances for Steady-State, Pressure Rise and Friction Loss in a Sudden Enlargement , Isothermal Flow of a Liquid 

through an Orifice.Examples of the Behavior of Polymeric Liquids, Rheometry and Material Functions, Non- 

Newtonian Viscosity and the Generalized Newtonian Models , , Laminar Flow of an compressible Power-Law 

Fluid in a Circular Tube , Flow of a Power-Law Fluid in a Narrow Slit , Tangential Annular Flow of a Power- Law 

Fluid , Elasticity and the Linear Viscoelastic Models, Molecular Theories for Polymeric  Liquids. Practical 

applications. Case studies. 

UNIT III INTERPHASE TRANSPORT IN NONISOTHERMAL SYSTEMS 

Definitions of Heat Transfer Coefficients, Calculation of Heat Transfer Coefficients from Experimental Data , 

Analytical Calculations of Heat Transfer Coefficients for Forced Convection through Tubes and Slits , Heat 

Transfer Coefficients for Forced Convection in Tubes , Design of a Tubular Heater , Heat Transfer Coefficients for 

Forced Convectionaround Submerged Objects , Heat Transfer Coefficients for Forced Convection through Packed 

Beds , Heat Transfer Coefficients for Free and Mixed Convection, Heat Loss by Free Convection from a Horizontal 

Pipe , Heat Transfer Coefficients for Condensation of Pure Vapors on Solid Surfaces. Case studies 
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UNIT IV MACROSCOPIC BALANCES FOR NONISOTHERMAL SYSTEMS 

The Macroscopic Energy Balance, The Macroscopic Mechanical Energy Balance, Use of the Macroscopic 

Balances to Solve Steady-State Problems with Flat Velocity Profiles, The Cooling of an Ideal Gas , Mixing of Two 

Ideal Gas Streams, Parallel- or Counter- Flow Heat Exchangers, Flow of Compressible Fluids through Head 

Meters. Case studies 

Teaching Methods: Chalk& Board 

Ref. Books 

1. Thomson W. J., Transport Phenomena, Pearson education, Asia, 2001. 

2. Geankopolis C. J., Transport Processes and Unit Operations, 4th Ed., Prentice Hall (India) Pvt. Ltd.,New 

Delhi. 2004. 

3. Bird R. B., Stewart W. E. and Light Foot E. N., Transport Phenomena, Revised 2nd Edition, JohnWiley & 

Sons, 2007. 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Advanced Reaction Engineering 
3 0 0 3 

A 

Course Educational Objectives 

CEO1 Design of Reactor especially heterogeneous reactors. 

CEO2 Students will learn the energy balance, temperature and concentration profiles in different reactors. 

CEO3 Advance design aspects of multiple reactors, students will get insight of importance of population 

balance of particles. 

CEO4 Role of Reaction Engineering in mitigation of Global warming will also addressed. 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Evaluate heterogeneous reactor performance considering mass transfer limitations 

CO2 Perform the energy balance and obtain concentration profiles in multiphase reactors 

CO3 Estimate the performance of multiphase reactors under non-isothermal conditions. 

CO4 Understand modern reactor technologies for mitigation of global warming 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3         3      

CO4 1 2       2      

Avg 1.5 1.33 2      2.5      
 

 

SYLLABUS 

UNIT I 

Homogeneous reactor design and analysis-I: Ideal reactors, Review of isothermal design for batch, semi- 

batch and flow reactors, multiple reactions and reaction networks: Yield-selectivity concepts, Wei-Prater 

analysis for first order networks, reaction networks of general order, Reactor energy balance and its 
applications to reactor design and analysis 

UNIT II 

Homogeneous reactor design and analysis-II: Non-ideal reactors- Review of the basic concepts of 

residence time distributions, single parameter models for real reactor behavior, macromixing and 

micromixing, segregated flow model and Zweitering's analysis of maximum mixedness, IEM and other 
models for micromixing. 

UNIT III 

Heterogeneous reactors-I: Gas-solid systems- Review of kinetics of gas-solid catalytic reactions with and 

without diffusion limitations, Reactor design for fixed and fluidized bed reactors, Selected case studies, 

Non-catalytic gas-solid reactions: review of kinetics reactor design case studies. 

UNIT IV 

Heterogeneous reactors-II: Gas-liquid systems- Basic theories of mass transfer with chemical reaction 

model systems and model reactors, Reactor design for mechanically agitated and bubble column 

reactors. Selectedcase studies. 

Teaching Methods: Chalk& Board 

TEXT BOOK 

1. H. S. Fogler, Elements of Chemical Reaction Engineering, Prentice Hall , 2016 

2. J.B. Rawlings, and J.G. Ekerdt, Chemical Reactor Analysis and Design Fundamentals, Nob Hill , 

2002 
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REFERENCES 

1. O. Levenspiel, Chemical Reaction Engineering, John Wiley & Sons , 1999 

2. G. F. Froment, K. B. Bischoff and J. D. Wilde, Chemical Reactor Analysis and Design, John Wiley , 

2010 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Bioprocess Engineering 3 0 0 3 A 

Course Educational Objectives 

CEO1 To learn the principles of bioprocessing for traditional chemical engineering in the 
design and development of processes involving biocatalyst. 

CEO2 To study engineering principles in the development of products based on living cells or 
subcomponents of such cells. 

CEO3 To learn and develop quantitative models and approaches related to bioprocesses 
CEO4 To learn mechanistic models for enzyme catalyzed reactions for large scale production 

of bioproducts 
Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Understand the different cells and their use in biochemical processes. 

CO2 Understand the role of enzymes in kinetic analysis of biochemical reaction. 
CO3 Analyze bioreactors, upstream and downstream processes in production of bio-products 
CO4 Demonstrate the fermentation process and its products for the latest industrial 

revolution 
CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3  2 2            

CO4 1 2             

Avg 1.5 1.5 2            
 

 

SYLLABUS 

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 : Advance Enzyme Kinetics 

Models for complex enzyme kinetics, modeling of effect of pH and temperature, models for 

insoluble substrate, models for immobilized enzyme systems, diffusion limitations in 

immobilized enzyme system, electrostatic and steric effects. 
. 

UNIT III: Bioreactors 

Selection, scale-up, operation and control of bioreactors: Scale-up and its difficulties, bioreactor 

instrumentation and control, sterilization of process fluids.Modifications of batch and 

continuous reactors, chemostat with recycle, multistage chemostat, fed-batch operation, 

perfusion system, active and passive immobilization of cells, diffusional limitations in the 
immobilized system, solid state fomenters. 

UNIT IV Homogeneous and heterogeneous reactions in bioprocesses 

Reaction thermodynamics, growth kinetics with Plasmid instability, The Thiele Modulus and 

effectiveness factor, diffusion and reaction in waste treatment lagoon. Reactors and choice of 
reactors. 
Teaching Methods: Chalk& Board 
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Ref. Books 

1. Bailey J.E. and Ollis D.F., “Biochemical Engineering Fundamentals”, McGraw-Hill 

2. Doran P.M., “Bioprocess Engineering Principles”, Academic Press 

3. Shuler M.L., Kargi F., ”Bioprocess Engineering”, Prentice -Hall 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Advanced Chemical Reaction Engineering 

laboratory 
3 0 0 3 

A 

Course Educational Objectives 

CEO1 To provide through understanding of Reaction Engineering. 
CEO2 To design reactor and identity type of reactor by suiting chemical kinetics and using 

Information from thermodynamics, heat and mass transfer economics. 

CEO3 Characteristics of a fluidized bed reactor 
CEO4 Understanding of corrosion reaction and monolithic catalytic reactors. 
Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Students will able to know the solid-liquid, liquid –liquid reactions. 
CO2 Students will be able to know the micro reactor based process intensification 
CO3 Students will be able to know the monolithic catalytic reactors applications. 

CO4 Develop an equipment for separation  
CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3  2 3            

CO4 1 2             

Avg 1.5 1.5 2.5            
 

 

List of experiments: advanced separation processes 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 
 Advanced Chemical Engineering Laboratory 3 0 0 3 A 

Course Educational Objectives 

CEO1 Analyze characteristics of a fluidized bed dryer 
CEO2 Estimate efficiency of compact heat exchangers 
CEO3 Evaluate the performance of a process intensification in catalytic reactions, ultrasound 

assisted reactions, reactive distillation column, micro reactor and advanced flow 

reactor. 
CEO4 Design controller for a given process 
Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 To calculate the rate constant for different reactors 

CO2 To get knowledge about the order of the reaction 

CO3 Design the equipments for separation of feed solution 

CO4 Develop an equipment for separation  

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 1             

CO2  1 2            

CO3  3             

CO4 1 2             

Avg 1.5 1.75 2            
 

 

List of experiments: advanced separation processes 

1. Analyze the characteristics of a fluidized bed reactor 

2. Kinetics of a (solid-liquid) Esterification reaction in a batch reactor 

3. Evaluate the performance of a process intensified Batch Reactive Distillation in catalytic 

reactions 

4. Evaluate the performance of a process intensified micro reactor in catalytic reactions 

5. Interfacial (Liquid-Liquid) Nitration 

6. Gas-solid catalytic reactor analysis: Understanding of gas-solid catalytic reactor theory and 

dynamics analysis. 

7. Gas-liquid-solid three-phase catalytic reactor analysis: Understanding gas-liquid-solid 

threephase 

catalytic reactor theory and dynamics analysis. 

8. Reactor analysis: Understanding the principle and diffusion analysis of batch and flow 

reactors. 

9. Corrosion reaction characteristics of a metal in a given electrolyte. 

10. Reactions on Monolithic Catalytic Reactors 
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1. Characteristics of a Fluidized bed dryer 

2. Helical Coil heat exchanger 

3. Determination of Effective thermal conductivity (ETC) in granular material 

4. Plate Type Heat Exchanger 

5. Kinetics for solid catalyzed esterification reaction in a batch reactor 

6. Reactive distillation in Packed Column 

7. Ultrasonic cavitation based reactions 

8. Micro-reactor 

9. Advanced Flow Reactor 

10. Membrane Separation for water purification 

11. Corrosion characteristics of a metal in a given electrolyte 

12. Control of liquid level in non-interacting systems. 

13. Identification and control of a three tank system. 

14. pH control in a process. 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Research Methodology 3 0 0 3 A 

Course Educational Objectives 
CEO1 At the end of this course, the students should be able to understand some basic concepts of research and its 

methodologies 

CEO2 The students are expected to select and define appropriate research problem and parameters 

CEO3 The students are expected to organize and conduct research in a more appropriate manner 

CEO4 The students are expected to write a research report and thesis 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Developing ideas on research methods, ethics and policies to carry out research in right 

CO2 Learning systematic in literature survey or methodology needed for proper direction in research. 

CO3 Learning ethics to represent the data or analyze them properly 

CO4 Analyze research findings and data to draw meaningful conclusions, assess validity and reliability, and critically 

evaluate existing literature related to a specific topic. 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 3 2             

CO2    2      2     

CO3 1 2             

CO4 2       2       

Avg 2 2  2    2  2     

SYLLABUS 

UNIT I 

Principles of Research ethics: Research misconduct, Objectives and unbiased approach, Accuracy and Authenticity 

of Results, Plagiarism, Copyright, Honest usage of software, Repetitive reporting of Research outcome, 

Authorship, Informed Consent, Legality and Decency, Supervisor-student relationship, supervisor-supervisor 

relationship Research code of conduct responsibilities of administrative bodies. 

UNIT II 

Research policy: Principles Concerning research Openness in research Academic Freedom Research Support 

Responsibility towards fellow researcher Dissemination of Research results Academic Authorship Interdisciplinary 

research collaborative work with other institutions Conflict of interest. Maintenance of Research data and records: 

Motivation for instituting the practice of retaining Research Data Purpose behind retaining data Laboratory 

notebook Guidelines of recording Laboratory data and Maintaining Records Responsibility distribution. 

UNIT III 

Research Method: Objectives, Types, and Approaches Identification of Research, Problem Research Design: 

Exploratory, Descriptive, Experimental, Observational Studies & Survey Literature Review Hypotheses Sampling 

Data Sources Data Collection Tools Data analysis Reliability and Validity Introduction to Qualitative Research 

Methods Interpretation and Report Writing Writing papers for journals, conference paper, Writing Project 
proposals. 

TEXT BOOKS 

1. Dane, Francis C, Research methods, Pacific Grove: Brooks /Cole, 1990 

2. Devlin, Ann Sloan, Research methods: Planning, Conducting and Presenting Research, 

Belmont, Calif.: Thomson / Wadsworth, 2006 

REFERENCES 

1. Patrick F. Dunn, Measurement and Data Analysis for Engineering and Science, 2/e, CRC Press, 2010 

2. Ranjit Kumar, Research Methodology: A Step-By-Step Guide for Beginners, Sage Publications, 2010 
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SUBJECT CODE TITLE OF THE SUBJECT L T P C QP 

 Waste to Energy 3 0 0 3 A 

Course Educational Objectives 
CEO1 At the end of the course the students are expected to be able to define and describe waste, its categories, 

the waste chain, the situation in flanders, hazardous waste, the waste hierarchy. 

CEO2 At the end of the course the students are expected to be able to describe, explain the principles, and other 
relevant aspects of waste recycling, recovery and reuse 

CEO3 At the end of the course the students are expected to be able to select the best treatment option for a given 

waste/rest stream 

CEO4 At the end of the course the students are expected to be able to explain the environmental implications of 
each treatment. 

Course Outcomes: Upon successful completion of this course, students should be able to: 

CO1 Economically and environmentally sustainable  processes  for  resource recovery from primary and 

secondary raw materials. 

CO2 Comprehend and apply key tools/methodologies and specialised engineering knowledge for assessing 

resource recovery from waste/circular economy to effectively analyse related systems and sound support 

making 

CO3 Tools used for waste to energy conversion 

CO4 Environmental viable and applicable for the society 

CO-PO & PSO Mapping 

COs 
PROGRAMME OUTCOMES PSOs 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 

CO1 2 2       2      

CO2  2 1       2     

CO3 2 1             

CO4  1 2            

Avg 2 1.5 1.5      2 2     

SYLLABUS 



 

 

 


