
M.Tech in Chemical Engineering 
 

The Chemical and Materials Engineering programme is delighted to offer an M.Tech 

in Chemical Engineering.  

Degree Name M.Tech in Chemical Engineering 

Duration 2 years 

1. Overview 

The M.Tech in Chemical Engineering is a comprehensive programme aimed at 

expanding and enhancing the knowledge and skills acquired during a Bachelor's degree. The 

M.Tech in Chemical Engineering is designed to incorporate emerging technologies for energy 

harvesting and storage where chemical engineers are poised to make significant contributions, 

particularly in the research areas, such as, electrochemical devices (batteries, fuel cells, 

electrolyzers, supercapacitors), functionalized nanostructured materials (quantum dots, 2D 

materials, perovskites), soft matter, and colloidal science (metal oxides, particle coating). 

 

2. Eligibility criteria 

Eligibility criteria will be in line with the institute eligibility criteria. 

GATE Stream Code: Chemical Engineering (CH), Metallurgical Engineering (MT), 

Biotechnology (BT), Mechanical Engineering (ME), Engineering Sciences (XE-A + XE-

B/C/E/F). 
[A = Engineering Mathematics (compulsory), B = Fluid Mechanics, C = Materials Science, E = Thermodynamics, F = Polymer Science and 

Engineering] 

 

3. M.Tech curriculum details 

The M. Tech curriculum consists of a total of 53 credits out of which 24 credits from 

M.Tech thesis. 

 

  



M.Tech curriculum 

Semester I 

Code Course Name L-T-P Credits 

CM621 Advanced Reaction Engineering 3-0-0 3 

CM631 Advanced Thermodynamics 3-0-0 3 

ME610 Mathematical Methods 3-0-0 3 

CMxxx Elective – I 3-0-0 3 

CMxxx Energy Applications Lab 0-0-3 2 

  12-0-3 14 

 

Semester II 

Code Course Name L-T-P Credits 

CM607 Transport Phenomena  3-0-0 3 

CMxxx Elective – II  3-0-0 3 

CMxxx Elective – III 3-0-0 3 

CMxxx Elective – IV 3-0-0 3 

HS600 Research communications, ethics and 

methods 

3-0-0 3 

  15-0-0 15 

 

Semester III 

Code Course Name L-T-P Credits 

CM699 M. Tech Thesis 0-0-12 12 

  0-0-12 12 

    

 

Semester IV 

Code Course Name L-T-P Credits 

CM699 M. Tech Thesis 0-0-12 12 

  0-0-12 12 

 

Students must select their M.Tech. thesis advisor by the end of the first semester. The outcome 

of the M.Tech. thesis/Project work can be publications in reputed journals/conferences or 

patents or deliverables. The student has to submit a thesis report and take a viva-voce 

examination. One external member (from outside the institute, if required) may be invited for 

the evaluation of the report and viva-voce exam/presentation. 

 

  



List of program core courses 

1. CM607 Transport Phenomena 

2. CM621 Advanced Reaction Engineering 

3. CM631 Advanced Thermodynamics 

4. ME610 Mathematical Methods 

 

List of institute core courses 

1. HS600 Research communications, ethics and methods 

 

List of elective courses 

1. CM603 Science and technology of colloids 

2. CM604 Nanomaterials characterization, properties, and applications 

3. CM610 Principles and applications of electrochemistry 

4. CM611 Fundamentals of Green Ammonia: Technologies, Applications and Sustainability 

5. CM612 Fuel Cell Technology 

 

List of lab courses 

1.  CM660 Energy Applications Lab 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Annexure-I 

 

 

 

COURSE CURRICULUM 

 
 

 

1. Title of the Course Transport Phenomena 

2. Course Number  CM607 

3. Status of the Course Program core (CME)/ Open elective 

4. Structure of Credits 3-0-0-3 

5. Offered To 4th year UG, PG & PhD 

6. Prerequisite None 

7. Course Objective:  

This course aims to familiarize students with the fundamental principles of heat, mass, and 

momentum transport, which form the cornerstone of all chemical processes. Also, developing the 

understanding of the commonality and differences inherent in these transport processes. 

Furthermore, this course will also cover mechanics of complex fluids. Providing students insights 

into their behavior and characteristics. 

 

8. Course Content:  

Overview of fluid properties, statics, dynamics. Introduction to transport phenomena, that includes 

momentum, heat, and mass transfer. Fundamentals of continuum mechanics.  

Introduction to heat and mass transfer, fundamental laws and mode of heat transfer.  

Conservation laws for momentum and differential and integral forms of the governing equations. 

Introduction to tensor analysis and coordinate systems. Fluid flow analysis, Navier-Stokes 

equations and their applications, Boundary layer theory and viscous flow analysis, drag and lift 

forces. Introduction to rheology complex fluids 

 

9. Text book(s): 

       Transport phenomena by Bird RB et al., 2nd edition 2006 ISBN: 9752843670 

10. Reference(s):  

Analysis of transport phenomena by Deen ISBN# 9780198098584 

Fluid Mechanics, by Pijush K ISBN# 9780124059351 

 

 

  



COURSE CURRICULUM 
 

 

1. Title of the Course Advanced Reaction Engineering 

2. Course Number CM621 

3. Status of the Course  Program Core (CME)/ Open Elective 

4. Structure of Credits 3-0-0-3 

5. Offered To 4th year UG, PG & Ph.D. 

6. Prerequisite None 

7. Course Objective:  
Provide the student with the essential knowledge to understand chemical 
kinetics, hydrodynamics, and transport effects in multiphase reactors and design 
multiphase reactors. In addition, the course provides knowledge about 
heterogeneous catalysis and the design of new catalysts for chemical 
processes.  
 

8. Course Content: 
Reaction Engineering: 
Behavior of chemical reactions; Behavior of chemical reactors: ideal and non-
ideal flow, non-isothermal reactor performance, reactor stability; Heterogeneous 
reactions: interphase and interphase heat and mass transfer effects; Design of 
heterogeneous catalytic reactors; Multiphase flow reactors. 
 
Heterogeneous Catalysis: 
Review of heterogeneous reaction; Classification of catalysts; The fundamentals 
of adsorption: structural and dynamical considerations, isotherms, and 
energetics; Overview of catalyst preparation and characterization; Catalyst 
deactivation; Regeneration kinetics of deactivated catalyst; Selection/design of 
heterogeneous catalysts. 
 

9. Textbook(s): 
1. H. Scott Fogler, Elements of Chemical Reaction Engineering, 4th edition, 

Prentice-Hall of India Pvt Ltd, 2008 (ISBN: 9787502741006) 

2. Octave Levenspiel, Chemical Reaction Engineering, 3rd Edition, Wiley, 1998 

(ISBN: 9788126510009) 

3. J.M. Thomas& W.J. Thomas, Principles and Practice of Heterogeneous 

Catalysis, 2nd Edition, Wiley, 2015 (ISBN: 9783527314584) 

10. Reference(s): 
1. J. M. Smith, Chemical Engineering Kinetics, 3rd edition McGraw Hill 

Education (India) Pvt Ltd, 2014 (ISBN: 9780070665743) 

2. Gilbert F. Froment, K B. Bischoff, Chemical Reactor Analysis and Design, 2nd 

edition, John Wiley & Sons 1990 (ISBN: 9780470565414) 

 

 
  



 

COURSE CURRICULUM  
  
  

1.  Title of the Course  Advanced Thermodynamics  

2.  Course Number  CM631  

3.  Status of the Course  Program Core (CME) / Open Elective 

4.  Structure of Credits  3-0-0-3  

5.  Offered To  4th year UG, PG  and Ph.D. 

6.  Prerequisite  None 

7.  Course Objective:  

The course aims to provide a theoretical foundation in classical thermodynamics, describe the 

correlation of thermodynamic properties in pure components and mixtures, and present 

applications in phase and chemical equilibria. It also offers a brief introduction to statistical 

thermodynamics. 

8.  Course Content:  

Fundamental principles: First and second laws, Legendre transformations, Equilibrium and 

stability criteria; Thermodynamic properties: Properties of pure materials and property 

relationships for mixtures; Applications: Phase equilibrium and stability, Phase rule, Phase 

diagrams, and Equations of state, Vapour-liquid equilibria, Liquid-liquid equilibria, Chemical 

equilibria; Introduction to statistical thermodynamics: Ensembles and thermodynamics. 

9.  Text book(s):  

1. Tester, Jefferson W. and Modelll, Michael. “Thermodynamics and Its Applications”, 3rd 

Edition, Prentice Hall PTR, 1997. ISBN: 9780139153563. 

2. Hill, Terrel L. “An Introduction to Statistical Thermodynamics”, Dover Publications, 

1987. ISBN: 9780486652429. 

10.  Reference(s):  

1. Smith, J. M., Van Ness, Hendric C., Abbott, Michael M. and Swihart, Mark T. 

“Introduction to Chemical Engineering Thermodynamics”, 9th Edition, McGraw-Hill, 

2021. ISBN: 9781260597684.  

2. Callen, Herbert B. “Thermodynamics and an Introduction to Thermostatistics”, 2nd 

Edition, John Wiley & Sons, New York, 1991. ISBN: 9780471862567. 

3. McQuarrie, Donald A. “Statistical Mechanics”, University Science Books, 1985. ISBN: 

9780935702187. 

  
 

 

 

 

 



COURSE CURRICULUM 

 

 
 
  



COURSE CURRICULUM 
 
 

  

1. Title of the Course Science and Technology of Colloids 

2. Course Number  CM603 

3. Status of the Course Open Elective 

4. Structure of Credits 3-0-0-3 

5. Offered To 4th year UG, PG & Ph.D. 

6. Prerequisite None 

7. Course Objective:  

The purpose of this course is to cover basic concepts that are important in understanding 
colloids and nanomaterials. These are important in various technologies, such as photonics, 
medicines, catalysts, cosmetics, energy, and environment, etc. The typical size for 
nanomaterials is between a few nanometers to a few hundred nanometers. At that scale, 
the interfacial forces play a crucial role in governing the mechanics of the system. Another 
important concept that sets apart this size range is the random fluctuations happening in the 
system due to thermal fluctuations. 

8. Course Content:  

     Nature and thermodynamics of interface: Surface tension, Surface pressure, Gibbs 
interface, amphiphilic molecules. Overview of colloids, types (suspensions, emulsions, 
foams), preparation, and applications. Adsorption and monolayer theory. Thermodynamics 
of Surfactants, detergency.  
     VanderWaal, London, and electrostatic interactions between colloidal particles. The 
Electrical Double Layer and Double-Layer Interactions. Stability of colloidal systems. 
Electrophoresis and Other Electrokinetic Phenomena 
     The statistical behavior of nanoparticles: Boltzmann distribution, microstates, entropy. 

Diffusion. random walk, and Langevin equation. 

9. Text book(s): 

Physical chemistry of surfaces by A. Gast, A. Adamson 6th edition, 2011, ISBN# 
9788126534173. 

10. Reference(s):  
Colloids and interface science by Pallab Ghosh, PHI, ISBN# 978-8120338579 
Basic Principles of Interface Science and Colloid Stability by Tharwat F. Tadros, De 
Gruyter ISBN# 311053990X 
Principles of Colloid and Surface Chemistry by Paul C. Hiemenz and Raj Rajagopalan. 
ISBN# 0824793978 



COURSE CURRICULUM 
 

 

1. Title of the Course Nanomaterials Characterization, Properties and Applications 

2. Course Number CM604 

3. Status of the Course Open Elective 

4. Structure of Credits 3-0-0-3 

5. Offered To 4th year UG, PG & Ph.D. 

6. Prerequisite None 

7. Course Objective: 

Nanomaterials are omnipresent and are integral part of various fields of science, engineering 

and our daily life because of their unique properties. The properties of nanomaterials are 

strongly dependent on size, shape and surface states. Therefore it is important to learn how 

to synthesize nanomaterials, how to characterize these nanomaterials to find out their unique 

properties which can be utilized in various types of applications. The purpose of this course 

is to learn nanomaterials synthesis, characterization, properties and applications.  

8. Course Content: 

Nanomaterials: an overview, zero, one and two-dimensional nanomaterials. Synthesis of 

nanomaterials: top-down and bottom-up approaches. Characterization of nanomaterials: 

characterization of nanomaterials using UV-Visible absorption spectroscopy (UV-Vis), 

photoluminescence spectroscopy (PL), fourier transform infrared spectroscopy (FTIR), X-

ray diffraction (XRD), raman spectroscopy (Raman), X-ray photoelectron spectroscopy 

(XPS), scanning electron microscopy (SEM), transmission electron microscopy (TEM), 

electron paramagnetic resonance spectroscopy (EPR), atomic force microscopy (AFM), 

dynamic light scattering (DLS), zeta potential, BET surface area analysis, thermogravimetric 

analysis (TGA) and differential scanning calorimetry (DSC). Properties of nanomaterials: 

mechanical, optical, electrical, and magnetic properties of nanomaterials. Application of 

nanomaterials: case studies on various applications such as energy storage devices, sensing, 

cancer therapy and anti-bacterial activity. Problems and challenges associated with 

nanomaterials. 

9. Textbook(s): 

1. Nanostructures and Nanomaterials: Synthesis, Properties & Applications by Guozhong 

Cao, 2004. ISBN 1860944809. 

2. Nanomaterials, Nanotechnologies and Design: An Introduction for Engineers and 

Architects by Micheal F. Ashby, 2009. ISBN: 9780750681490. 

10. Reference(s): 

1. Encyclopedia of Nanoscience and Nanotechnology by Hari Singh Nalwa, 2004. ISBN: 

9781588830012 

2. Nanotechnology: Principles and Practices by Sulabha K. Kulkarni, 2015. ISBN 

9783319091709 

 
  



COURSE CURRICULUM 
 

 

1. Title of the Course Principles and Applications of Electrochemistry 

2. Course Number CM610 

3. Status of the Course Open Elective 

4. Structure of Credits 3-0-0-3 

5. Offered To 4th year UG, PG & Ph.D. 

6. Prerequisite None 

7. Course Objective: 

Provide the student with the essential knowledge to understand electrochemical technologies. 

Illustrate the basic principles of electrochemistry and electrokinetic phenomena required to 

design electrochemical processes and devices. Demonstrate the commonly used 

electrochemical techniques in energy storage systems and other electrochemical processes. 

Provide an overview of trending electrochemical processes and green technologies such as 

CO2 conversion, corrosion, and fuel cells.  

8. Course Content: 

Basic Principles: Introduction to electrochemistry and fundamentals, Nernst equation, 

Electrode kinetics, Volta and Galvani potentials, Faraday’s laws of electrolysis, 

electrochemical potential, electrochemical equilibrium, Enthalpy, and Gibbs free energy 

calculation. Electric double layer, electrochemical cell, standard electrode potential, 

ButlerVolmer formulation, Tafel equation, Pourbaix diagram, reversible electrode. 

Electrochemical mass transport. 

 

Electrochemical techniques: Potential Step voltammetry, pulse voltammetry, cyclic 

voltammetry. Controlled current methods and current-interrupt measurements. Impedance 

spectroscopy. Their applications in the characterization of electrodes/electrochemical 

devices. 

 

Applied aspects: 

Fuel cells. Hydrogen production. Electrochemical conversion of small molecules to 

products/fuels. Corrosion. 

9. Textbook(s): 

1. Prentice, G., 1991, Electrochemical Engineering Principles, Prentice Hall. (ISBN: 

9780132490382). 

2. Allen J. Bard, Larry R. Faulkner, 2005, Electrochemical Methods: Fundamentals and 

Applications, John Wiley & Sons; 2nd Edition. (ISBN: 97804710437720) 

10. Reference(s): 

1. Fuller, T.F., Harb, J. N., 2018, Electrochemical Engineering, Wiley. (ISBN: 

9781119004257) 

 
 
  



COURSE CURRICULUM  

    

 

 1.   Title of the Course    Fundamentals of Green Ammonia: Technologies, Applications and 

Sustainability 

2.   Course Number     CM611 

3.   Status of the Course   Open Elective 

4.   Structure of Credits     3-0-0-3 

5.   Offered To   4th year UG, PG & Ph.D. 

6.   Prerequisite     None 

7.   Course Objective:   

The course aims to explore the techno-economic challenges associated with producing green 

ammonia and using it as a sustainable feedstock and hydrogen carrier. It covers the integration 

of renewable electricity with electrolysis to store the renewable energy as chemical energy in the 

form of ammonia. The course discusses green energy initiatives, ammonia production methods, 

applications, storage, and distribution. It also covers electrochemical ammonia production 

through nitrogen reduction and ammonia fuel cell technology. Ultimately, the course highlights 

the environmental advantages of green ammonia, emphasizing its role in reducing greenhouse 

gas emissions, supporting clean energy systems, and promoting sustainable agriculture. 

8.   Course Content:   

Renewable energy integration, Green energy programs, Ammonia as a hydrogen carrier, 

Ammonia production technologies, Storage and distribution of ammonia, Applications of 

ammonia as a green feedstock to chemical industries, Pathway for green ammonia, 

Technoeconomic aspects of the use of ammonia as energy vector, Electrocatalytic nitrogen 

reduction, Ammonia decomposition for hydrogen production, Future trends in sustainable 

production of ammonia.  

9.   Text book(s):   

1. Valera-Medina, Agustin and Banares-Alcantara, Rene. “Techno-economic challenges of 

green ammonia as an energy vector”, Academic Press, 2020. ISBN: 9780128205600.  

2. Inamuddin, Boddula, Rajender and Asiri, Abdullah M. “Sustainable Ammonia Production”. 

Springer Nature, Switzerland AG, 2020. ISBN: 9783030351052.  

10.   Reference(s):   

1. Jennings, J. R. “Catalytic Ammonia Synthesis: Fundamentals and Practice”. Springer, New 

York, 1991. ISBN: 9780306436284.  

2. Nielsen, Anders. “Ammonia – Catalysis and Manufacture”.  Springer-Verlag Berlin 

Heidelberg, 1995. ISBN: 9783642791994.  

 
  



COURSE CURRICULUM 
 

 
 

1. Title of the Course Fuel Cell Technology 

2. Course Number CM612 

3. Status of the Course  Open Elective  

4. Structure of Credits 3-0-0-3 

5. Offered To 4th year UG, PG & Ph.D. 

6. Prerequisite None 

7. Course Objective:  
Provide the student with the fundamental knowledge required to develop fuel 
cell technology. Kinetics, thermodynamics, and transport processes in fuel cells 
will be discussed in this course. In addition, the course provides knowledge 
about the design, selection, and characterization of electrodes for fuel cells.  

8. Course Content: 
Overview of fuel cells: low and high-temperature fuel cells and the advantages 
& disadvantages of different fuel cell types. Fuel cell reaction kinetics: electrode 
kinetics, overpotential, exchange current densities. Fuel cell thermodynamics: 
heat and work potentials, prediction of reversible voltage, fuel cell efficiency. In 
situ and ex-situ characterization of fuel cell & electrodes. Fuel cell charge and 
mass transport. Design and selection of electrodes for fuel cells. Modeling of 
electrochemical processes. Fuel cell diagnostics. Life cycle and techno-
economic analysis of fuel cells. 

9. Textbook(s): 
1. R. O’Hayre, S. W. Cha, W. G. Colella, F. B. Prinz, 2016, Fuel Cell 

fundamentals, 3rd Edition. John Wiley & Sons, New Jersey. (ISBN: 

9781119113805) 

2. Allen J. Bard, Larry R. Faulkner, 2005, Electrochemical Methods: 

Fundamentals and Applications, John Wiley & Sons; 2nd Edition. (ISBN: 

97804710437720) 

3. John Newman, Nitash P. Balsara, 2021, Electrochemical Systems, 4th Edition, 

Wiley. (ISBN: 9781119514602) 

10. Reference(s): 
1. Marc Koper (Editor), 2009, Fuel Cell Catalysis: A Surface Science Approach, 

Wiley. (ISBN: 9780470463741) 

2. J. Larminie, A. Dicks, 2003, Fuel cell systems explained, 2nd Edition, John 

Wiley & Sons, England. (ISBN: 9780470848579) 

 
  



COURSE CURRICULUM 
 

 

1. Title of the Course Energy Applications Lab 

2. Course Number CM660  

3. Status of the Course  Program Core (CME) 

4. Structure of Credits 0-0-3-2 

5. Offered To PG 

6. Prerequisite None 

7. Course Objective:  
Provide the student with essential hands-on experience synthesizing and 
characterizing materials for energy conversion and storage applications.  

8. Course Content: 
Synthesis:  Particle synthesis materials such as SiO2, polystyrene, and PMMA 
using the sol-gel method; nanomaterial synthesis of carbon materials 
 
Electrochemical characterization: Cyclic voltammetry, impedance spectroscopy, 
rotating disc electrode (RDE) and rotating ring disc electrode (RRDE) 
experiments, electrodeposition 
 
Physicochemical characterization: Gas chromatography, dynamic light 
scattering (DLS), UV-Vis, SEM, and XRD. 

9. Textbook(s): 
1. Allen J. Bard, Larry R. Faulkner, 2005, Electrochemical Methods: 

Fundamentals and Applications, John Wiley & Sons; 2nd Edition. (ISBN: 

97804710437720) 

2. Nanostructures and Nanomaterials: Synthesis, Properties & Applications by 

Guozhong Cao, 2004. (ISBN: 1860944809). 

10. Reference(s): 
1. Rudolf Holze, 2009, Experimental Electrochemistry: A Laboratory 

Textbook, 2nd Edition. (ISBN: 9783527676293) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



COURSE CURRICULUM 
 

 



 


