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Course Structure of M.Tech. / M.Tech. + Ph.D. Dual Degree Program in Chemical
Processes Design and Intelligence
(From AY 2026-27)
{Senate resolution no. 60.5}

Minimum Educational Qualification:

a) Four-year Bachelor’s degree or five-year integrated degree in Chemical Engineering,
Material Science and Engineering, Mechanical Engineering, Chemical Technology
(Polymer, Petroleum, Petrochemical etc.), Engineering Sciences, Energy Science and
Engineering,  environmental engineering, ceramic Engineering, Metallurgical
Engineering, Mineral Processing and Engineering, Biotechnology, Biomedical
Engineering, Rubber/ Oil/ Paint/Paper and Pulp/ Textile/ Food Technology, (with
first division as defined by the awarding Institute/ University)

b) Two-year M.Sc. or five-year integrated degree in Biotechnology/ Physics/ Chemistry

Marks /CGPA/ CPI/ Percentage requirements in Qualifying Degrees: -

[.  For UR/EWS/OBC(NCL) category:
a. A minimum of 60% marks in aggregate, OR
b. A First class as specified by the university, OR
c. A minimum Cumulative Grade Point Average (CGPA) / Cumulative
Performance Index (CPI) of 6.0 on a scale of 0 - 10, OR
d. An equivalent to 6.0 CGPA/ CPI on other corresponding proportional
requirements when the scales are other than 0 - 10.

II. ~ ForSC/ST/PwD category

a) A minimum of 55% marks in aggregate, OR

b) A First class as specified by the university, OR

c) A minimum Cumulative Grade Point Average (CGPA) / Cumulative
Performance Index (CPI) of 5.5 on a scale of 0 - 10, OR

d) Anequivalentto 5.5 CGPA/ CPI on other corresponding proportional
requirements when the scales are other than 0 - 10.

Qualifying Examination:

(a) Indian students: Valid GATE qualification in Chemical Engineering, Mechanical
Engineering, Engineering Sciences, Environmental Science & Engineering,
Metallurgical Engineering, Biotechnology, Biomedical Engineering, Chemistry,
Physics, Petroleum Engineering, Textile Engineering & Fibre Science.

(b) International students: Valid score of TOEFL or IELTS and valid score of GRE.

Categories of Admission:

(a) Indian Students: Teaching Assistantship (TA); (ii) Highly motivated sponsored candidate
(SW) on full-time basis from highly reputed R and D organizations such as DRDO, ISRO, BHEL,
BARC, HPCL, ONGC, etc. and highly reputed Industries; (iii) Defense Forces (DF): Candidates
sponsored by the Defense Forces; (iv) Regular institute staff (IS) of IIT Indore on part-time
basis only. Candidates of SW, DF and IS categories will not be provided any scholarship.
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(b) International Students: (i) International self-financed (ISF) students; (ii) International
students sponsored by non-government organizations or by a reputed industry (ISW); (iii)
International students sponsored by foreign government or its organizations or through
mutual collaborative programs of India with other countries (GSW)

Duration of Program: 2 years on full-time basis

Course Structure

1st Year: Semester-I

Course Code Course Title Contact Hours | Credit
(L-T-P)
ChE 601/401 | Transport Phenomena in Chemical Processes 2-1-0 3
ChE 603/403 | Advanced Reaction Engineering 2-1-0 3
ChE 605/405 | Thermodynamics for Chemical Process Design 2-1-0 3
ChE 607/407 | Process Monitoring & Control Systems 2-1-0 3
ChE 6XX Department Elective I 2-1-0 3
ChE 651 Applied Computational Methods Lab 0-0-3 1.5
ChE 653 Analytical tools and Techniques Lab 0-0-3 1.5
Total minimum credits earned during the semester 18
Courses for Electives for Semester I:
Course Code Course Title Contact Hours Cred
(L-T-P)
ChE 609 CO2 capture, utilization and storage 2-1-0 3
ChE 611 Rheology of Complex Fluids 2-1-0 3
ChE 613 Bioseparations and Downstream Processing 2-1-0 3
1st Year: Semester-II
Course Course Title Contact Credit
Code Hours (L-T-
P)
ChE 610 Chemical Systems Design 2-1-0 3
ChE 6XX Department Elective Il 2-1-0 3
ChE 6XX Department Elective III 2-1-0 3
77 6XX Institute Elective 2-1-0 3
ChE 612 Scientific Communication & Research Methodology 0-2-0 2
ChE 6XX Flexi-Core | 2-1-0[3/2] 1.5
ChE 6XX Flexi-core Il 2-1-0[3/2] 1.5
ChE 614 Chemical Process Safety and Risk Assessment 0-1-0 1
Total minimum credits earned during the 18
semester
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Flexi-core and Elective courses

Course Course Title Contact Hours (L-T-P-C) Remarks
Code
ChE 616 Design of Experiments 2-1-0-1.5 (3/2 half-semester) 1.5
ChE 618 Data Analytics and ML for 2-1-0-1.5 (3/2 half-semester) 1.5
Process Modelling
2nd Year: Semester-III
Course Course Title Contact Credit
Code Hours
ChE 7XX M. Tech. Research Project (Stage-I) 0-0-24 12
ChE 7XX Design & Innovation Project 0-1-10 6
2nd Year: Semester-1V
Course Course Title Contact Credit
Code Hours
ChE 7XX M. Tech. Research Project (Stage-II) 0-0-36 18
Total minimum credits to be earned during the program 72
List of Flexi-core Electives:
Course Course Title Contact Credit
Code Hours
ChE 6XX | Mathematics and Statistics for Chemical Engineering | 2-1-0 [3/2] 1.5
ChE 6XX | Design of Experiments 2-1-0[3/2] 1.5
ChE 6XX | Data Analytics and ML for Process Modelling 2-1-0[3/2] 1.5
List of Department Electives:
Bucket 1 Courses for Electives: Biological Systems Engineering
Course Course Title Contact Credit
Code Hours
ChE Computational Synthetic Systems Biology 2-1-0 3
408/608
ChE Advanced Soft Matter 2-1-0 3
404/604
ChE 6XX Bioseparations and Downstream Processing 2-1-0 3
Bucket 2 Courses for Electives: Catalysis, Energy & Sustainability
Course Course Title Contact Credit
Code Hours
ChE Heterogeneous Catalysis and Reactor Design 2-1-0 3
406/606
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ChE 6XX Sustainable Engineering Principles 2-1-0 3
ChE 6XX COZ2 capture, utilization and storage 2-1-0 3
ChE Process Optimization 2-1-0 3
402/602
Bucket 3 Courses for Electives: Complex Fluid & Rheology
Course Course Title Contact Credit
Code Hours
ChE 6XX Rheology of Complex Fluids 2-1-0 3
ChE Advanced Soft Matter 2-1-0 3
404/604
ChE Computational Fluid Dynamics for Chemical | 2-1-0 3
6XX/4XX Engineering
Suggested Institute Electives:
Course | Course Title Contact Credit
Code Hours
BSE 611 | Biochemistry 2-1-0 3
BSE 617 | Biomolecular Modeling 2-1-0 3
CH 710 | Molecular Modeling and Computational Chemistry | 2-1-0 3
MM 605 | Green Hydrogen: Materials and Technologies 2-1-0 3
BSE 641 | Engineered Systems Analysis 2-1-0 3
CH 708 | Catalysis: Approaches and Applications 2-1-0 3
CE 621 | Water Quality and Treatment 2-0-2 3
BSE 619 | Renewable Energy Technologies 2-1-0 3
CH 616 | Chemical Kinetics and Electrochemistry 2-1-0 3
EV 607/ | Energy Storage in Electric Vehicle 2-1-0 3
EV 407
CH 710 | Molecular Modeling and Computational Chemistry | 2-1-0 3
MM 676 | Advanced Computational Methods for Materials 2-1-0 3
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Ph.D. program in the Department of Chemical Engineering (from AY 2024-25
onwards) {Senate resolution no. 43.5)

Minimum Educational Qualifications (MEQs):

Masters’ degree (M.Tech./M.E./M.S.(Research)) in Chemical Engineering, Material Science
and Engineering, Mechanical Engineering, Chemical Technology (Polymer, Petroleum,
Petrochemical etc.), Engineering Sciences, Energy Science and Engineering, civil
engineering, environmental engineering, ceramic Engineering, Metallurgical Engineering,
Mineral Processing and Engineering, Biotechnology, Biomedical Engineering, Rubber/ Oil/
Paint/Paper and Pulp/ Textile/ Food Technology, (with first division as defined by the
awarding Institute/ University) and GATE qualification.

Four year Bachelors’ degree (BE/ B.Tech.) in Chemical Engineering or allied disciplines such
as Material Science and Engineering, Mechanical Engineering, Chemical Technology
(Polymer, Petroleum, Petrochemical etc.), Chemical Science and Technology, Industrial
Chemistry, Engineering Sciences, Energy Science and Engineering, Ceramic Engineering,
Metallurgical Engineering, Mineral Processing and Engineering, Biotechnology, Biomedical
Engineering, Rubber/ Oil/ Paint/Paper and Pulp/ Textile/ Food Technology (with first
division as defined by the awarding Institute/ University) and a valid GATE qualification.

Categories of Admission:

For Indian Students For International Students

TA (Fellowship Awardee): The Applicants with -
(i) B.Tech/BE degree should have a valid GATE score
(ii) M. Tech/ME degree should have qualified for the
GATE examination. (Full Time)

FA (Fellowship Awardee): Fellowship Awardees
from funding agencies such as PMRF or equivalent or
fellowship position in an externally funded project
under a faculty member of Chemical Engineering
Department. The scholarship will be as per the rules of
the concerned funding agency. (Full Time)

ISF (International Self-Finance)
Self-Financing Students.
(Full Time)

SW (Sponsored WITHOUT Institute scholarship):
For applicants sponsored by a highly reputed R&D
organization or Industry. [After completion of required
coursework, either on Full Time (SWF) or Part Time
(SWP) basis, with approval of the competent
authority]

ISW (International Sponsored
by Industry or NGO)

(i) Industry Sponsorship

(ii) NGO (Non-Government
Organization) Sponsorship

Full Time

DF (Defense Forces): Serving defense forces
personnel WITHOUT any scholarship from the
Institute. Full Time and Part Time

GSW (International Sponsored
by Government organization)
(i) ICCR Scholarship of
Government of India

(ii) Foreign Government
Sponsorship
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Full Time

CT (College Teacher): Permanent Employee of the
sponsoring College/Institute/University WITHOUT
any scholarship from the Institute. Full Time and Part
Time

IS (Institute Staff): Only for regular staff members of

[IT Indore (Part Time).

Semester-I (Autumn / Spring)

Sr. Course code Course Title L-T-P-Credits
No.
1 77 XXX Elective-I X-X-X-3
2 77 XXX Elective-II X-X-X-3
3 77 XXX Elective-III X-X-X-3
4 ChE 797*/ ChE Ph.D. Seminar Course 0-2-0-2
798*

Semester-II (Autumn / Spring)

Sr. Course code Course Title L-T-P-Credits
No.
1 77 XXX Elective-I X-X-X-3
2 77 XXX Elective-II X-X-X-3
3 7.7 XXX Elective-III X-X-X-3
4 ChE 797*/ ChE Ph.D. Seminar Course 0-2-0-2
798*

Courses for Elective I -III (Apart from the electives listed below, a student can choose any
elective from the Ph.D. courses being offered by the other departments.)

Sr. Course Course Title L-T-P-
No. code Credits
1 PH 650 Numerical Methods 2-0-2-3
2 CH 606 Chemical and Statistical Thermodynamics 2-1-0-3
3 BSE 627 Research Methodology and Scientific | 0-0-2-1

Communications Skills

4 MM 659 Introduction to Soft Materials 2-1-0-3
5 MM 645 Multiphysics Modeling 2-0-2-3
6 ME 604 Microfluidics 2-1-0-3
7 BSE 605 Molecular Biophysics 2-1-0-3
8 BSE 607 Bioremediation: Principles & Practices 2-1-0-3
9 MM 604 Transport Phenomenon 2-1-0-3
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10 MSE 605 Computational Techniques in Materials | 2-1-0-3
Engineering

11 MM 603 Applied Surface Science 2-1-0-3

12 MM 661 Material Science and Engineering 2-1-0-3

13 ME 418/ ME Computational Fluid Dynamics 2-1-0-3
618

14 CH 708 Catalysis: Approaches and Application 2-1-0-3

15 CH 705 Material Chemistry 2-1-0-3

16 CH 701 Spectroscopic Techniques 2-1-0-3

13 CS 357/ EE Optimization Algorithms and Techniques 2-1-0-3
603

NOTE:
1. APh.D.student having M.Tech./ME qualification has to complete at least two courses

with a total minimum credit of 6. In addition, one Ph.D. seminar course needs to be
completed by the applicant.

2. A Ph.D. student having B.Tech./B.E./B.S. degree or equivalent qualification has to
complete 6 to 8 Ph.D. level courses of at least 3 credits each and 1-2 Ph.D. seminar
courses of at least 2 credits each. The minimum number of courses will be 6 Ph.D.
level courses and one Ph.D. seminar course (minimum coursework of 20 credits).

* Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or both as
suggested by the Faculty Advisor/Thesis Supervisor.
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Course code

ChE 601/401

Title of the course

Transport Phenomena in Chemical Processes

Course Category

Core

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned

Department

Chemical Engineering

Pre-requisite, if any

None

Course Objective

To impart a thorough understanding Mass, Momentum and Heat transfer
in the context of Chemical Engineering Applications.

Course Outcomes

® Comprehensive understanding of fundamental principles
underlying mass transfer, momentum transfer, and heat transfer.

@® Develop skills in applying these principles to solve complex
engineering problems.

@® To equip students with the ability to analyze and design transport
processes in chemical engineering systems.

Course Content

Module 1: Introduction and Essential Mathematics

Vector and tensor analysis, eigen value problem, Sturm Liouville
problem, analogies amongst mass, momentum and energy transport,
Newton’s law of viscosity, thermal conductivity and mechanism of
energy transport, diffusivity and mechanism of mass transport

Module 2: Momentum Transport

Continuum hypothesis, Newtonian and non -Newtonian fluids, diffusive
and convective fluxes, shell-balance method, velocity distribution in
laminar and turbulent flow, Fundamentals of boundary layer theory,
Equations of continuity, Introduction to Navier - Stokes equation,
Conservation of mechanical energy in fluids.

Module 3: Energy Transport

Temperature profiles in laminar and turbulent flow, Graetz problem
with viscous dissipation, thermal boundary layer, conduction profile in
solid under steady and unsteady conditions, equations of motion for free
and forced convection, steady and unsteady state energy transfer.
Module 4: Mass Transfer

Basics of mass transport mechanism, shell balances of mass species
diffusion under various driving forces, diffusion with chemical reaction,
convective diffusion in dilute solutions, integral balances in momentum,
heat, and mass transfer, concentration distributions in laminar flow;
equation of continuity for a binary mixture and its application to
convection-diffusion problems.
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Suggested Books

Textbooks

1. R.B. Bird, W. E. Steward, E. N. Lightfoot, Transport Phenomena,
2nd edition, John Wiley & Sons (2014), ISBN-13: 978-
8126508082

2. L.G. Leal, Advanced Transport Phenomena: Fluid Mechanics and
Convective Transport Processes, Cambridge Univ Press (2007),
ISBN-13:978-0521849104

3. V. Kumaran, Fundamentals of Transport Processes with
Applications, Cambridge Univ Press (2023), ISBN-13: 978-

1009005333

Reference book
4. P. A. Ramchandran, Advanced Transport Phenomena: Analysis,

Modeling, and Computations, Cambridge Univ Press (2014),
ISBN-13:978-0521762618
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Course code

ChE 402/602

Title of the course

Process Optimization

Course Category

Elective

Credit Structure

Pre-requisite, if any

Scope of the course

Learning constrained and unconstrained optimization techniques
and their implementations in Process Applications

Learning Outcomes

e Able to formulate optimization problems, identify objective
functions and constraints, and classify optimization problems.

e Apply linear programming to solve process optimization
problems for maximum efficiency, productivity, and
profitability.

e Solve different class of optimization problems (both
numerically and coding)

Course Content

Module 1 - Introduction to Process Optimization: Problem
formulation, Convexity, Hessian and properties, Unconstrained
single variable optimization-Line search, Trust region methods,
inexact line search -AC, CC and WC conditions with examples

Module 2 - Unconstrained multivariable optimization
techniques- Steepest Descent, Newton Method, Quasi-Newton
Method, Conjugate Gradient Method with example process
applications

Module 3 - Constrained Optimization - Active constraints,
Lagrange Multipliers, KKT Matrix, Equality Constrained Quadratic
Programming (ECQP) Problem, Inequality Constrained Quadratic
Programming (ICQP) Problems, Active-Set Method, Successive
Quadratic Programming Methods (SQP).

Module 4 - Linear Programming (LP) Problems - formulation,
simplex method, Primal and Dual Problems, Integer
Programming basics.

Suggested Books

Textbooks

1. T. F. Edgar, D. M. Himmelblau, Optimization of Chemical
Processes, McGraw-Hill International Edition, (1989). ISBN:
0070393591

Reference books

2. J. Nocedal, S. ]J. Wright, Numerical Optimization, Springer,
(1999). ISBN: 0387303030
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Course code

ChE 603/403

Title of the course

Advanced Reaction Engineering

Course Category

Core

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned

Department

Chemical Engineering

Pre-requisite, if any

None

Course objective

The objective of this course is to study the kinetics of homogeneous
and heterogeneous reactions and interpret the kinetic data to
perform the design of chemical reactors.

Course Outcomes

At the end of the course, the student would be able to understand the
ideal and non-ideal reactor systems under isothermal and non-
isothermal conditions. Design methodology of reactors for
homogeneous and heterogeneous reactions.

Course Content

Module 1: Ideal and non-ideal reactors

Ideal reactors, design for multiple reactions, isothermal and non-
isothermal reactors, non-idealities, Residence time distribution
Module 2: Non-catalytic reaction

Introduction of non-catalytic fluid solid reaction, progressive
conversion model, Shrinking core model

Module 3: Kinetics of solid catalytic reaction

kinetics of solid catalyzed reactions, reaction and diffusion in porous
catalysts, Thiele modulus and effectiveness factor for isothermal and
non-isothermal reaction

Module 4: Reactor design

Design equations for slurry reactors, packed bed reactors, fluidized
reactor, mass transfer correlation used in reactor design

Suggested Books

Textbooks
1. 0. Levenspiel, Chemical Reaction Engineering, John Wiley &
Sons (2010), ISBN:978-8126510009
2. H. S. Fogler, Elements of Chemical Reaction Engineering,
Prentice Hall (2006), ISBN: 978-0131278394.
Reference book
3. J. M. Smith, Chemical Engineering Kinetics, McGraw-Hill
(1981) ISBN: 978-0070665743
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Course code ChE 404/604
Title of the course | Advanced Soft Matter
Course Category Elective

Credit Structure

L -T-P - Credits
2-1-0-3

Prerequisite, if any

None

Scope of the course

The course aims to use the principles of statistical mechanics to
understand the properties of colloidal dispersions, polymeric solutions,
and gels.

Course Outcomes

@ Calculate the static and dynamic properties of colloidal dispersions,
polymeric solutions and gels.

® Numerically solve the equations governing the dynamics of soft
matter systems.

Course Content

Module 1: Introduction and basic definitions

Probability and combinatorics, microcanonical and canonical
ensembles, entropy and the Boltzmann Law, Partition function,
Microscopic dynamics: Brownian motion, random walks, fluctuation-
dissipation theorem, Smoluchowski equation, Langevin equation, time
correlation function and response function.

Module 2: Polymer models and equilibrium properties

Ideal chain models, radius of gyration, distribution of end-to-end
vectors, force-extension relationship, size measurement by scattering,
structure factor, excluded volume and self-avoiding walks, osmotic
pressure.

Module 3: Dynamics of polymeric solutions

Definitions of theta, poor and good solvents, Rouse model, Zimm model,
Normal mode analyses, material functions, entangled polymer
dynamics, dynamics of rod-like and liquid crystal molecules.

Module 4: Networks and Gelation
Branched chains, Gelation: concepts and definition, percolation theory,
Mean-field model of gelation, gel point.

Module 5: Polymer kinetic theory and numerical implementation
Stochastic differential equations and connection to
Smoluchowski/Fokker-Planck equations, stochastic calculus
principles, Brownian dynamics simulations.
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Suggested Books Textbooks

1. K. A. Dill and S. Bromberg, Molecular Driving Forces, 274 edition,
Garland Science (2010), ISBN: 978-0815344308

2. M.S.DoiandS. F. Edwards, The Theory of Polymer Dynamics, Oxford
University Press (1988), ISBN: 978-0198520337

3. M. Rubinstein and R. H. Colby, Polymer Physics, Oxford University
Press (2003), ISBN: 978-0198520597

Reference books
4. R.B.Bird, C. F. Curtiss, R. C. Armstrong, O. Hassager, Dynamics  of
Polymeric Liquids: Vol 2, 2nd edition, John Wiley & Sons (1987), ISBN:
978-0471802440
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Course code

ChE 605/405

Title of the course

Thermodynamics for Chemical Process Design

Course Category

Core

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned

Department

Chemical Engineering

Prerequisite, if any

None

Course Objective

The course aims to teach chemical engineers the basics of
statistical mechanics, and highlight its connection to the
macroscopic thermodynamic principles learned in the
undergraduate course.

Course Outcomes

At the end of the course, students will be able to:

e (Calculate the partition function, free energy, and
susceptibilities in various ensembles, for a range of
statistical mechanical models, and draw connection to
their counterparts obtained from classical
thermodynamics.

e (alculate quantities such as the radial distribution
function, structure factor, autocorrelation, and power
spectra which are commonly encountered in the
characterization of soft materials.

e Setup basic Monte Carlo and Molecular Dynamics
simulations.

Course Content

Module 1: Equilibrium, stability, and phase transitions
Fundamental relations, Conditions for Equilibrium, Heat
Capacity and Susceptibility, Euler equation, Gibbs-Duhem
equation, equations of state, Maximum Work Theorem,
Jacobian and Legendre transforms, Maxwell’s relations,
stability criteria and phase boundaries.

Module 2: Statistical Mechanics of Simple Solids and Gases
Probability and Combinatorics review, Microcanonical,
canonical and Grand Canonical Ensembles, partition function,
entropy and the Boltzmann Law, fluctuations in various
ensembles, free energy and susceptibility, heat capacity of ideal
gas, equipartition theorem, Einstein model for crystals.
Module 3: Statistical Mechanics of Interacting and Non-
Ideal Systems

Flory-Huggins theory, Ising Model, H-P model for protein
folding Virial equation, Mayer f-function, Law of Corresponding
States, radial distribution function g(r), potential of mean force,
measurement of g(r) from scattering experiments.

16 Go to Index




Module 4: Calculation of Stationary Properties
Autocorrelation, mean square displacement, basics of Fourier
and Laplace Transforms, power spectra calculation, Wiener-
Khinchin Theorem, Green’s Functions, Properties of the
Gaussian Distribution.

Module 5: Basics of Molecular Simulation

Ergodic hypothesis, Verlet Algorithm, Periodic Boundary
Conditions, Minimum Image Convention, Monte Carlo method,
Metropolis Algorithm, Molecular Dynamics simulation.

Suggested Books

Textbooks
1. D. A. McQuarrie, “Statistical Mechanics”, University
Science Books (2000), ISBN: 978-1891389153
2. K. A.Dilland S. Bromberg, “Molecular Driving Forces”, 2nd
edition, Garland Science (2010), ISBN: 978-0815344308
3. D. Chandler, “Introduction to Modern Statistical
Mechanics”, Oxford University Press (1987), ISBN: 978-
0195042771
Reference book
4, H. B. Callen, “Thermodynamics and an Introduction to
Thermostatistics”, Wiley (1991), ISBN: 978-0471862567
5. D. Frenkel and B. Smit, “Understanding Molecular
Simulation”, 2rd Edition, Elsevier (2002), ISBN: 978-
0122673511
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Course code

ChE 406/606

Title of the course

Heterogeneous catalysis and reactor design

Course Category

Elective

Credit Structure

L-T-P - Credits
2-1-0-3

Pre-requisite, if any

Null

Course objective

e The course is intended to familiarize the students with
concepts of gas-solid catalytic reactors

e Concepts of catalysis kinetics and mechanistic aspects of
catalysts

e Design consideration of catalytic reactors

Course Outcomes

e To identify regions of mass transfer control and reaction
rate control and calculate conversion

e Predict the rate controlling step for the fluid - particle
reactions

e develop conceptual framework for designing catalytic
reactors.

Course Content

Module 1: Heterogeneous catalysis

Introduction to Catalysis, Catalysts, Physical properties of catalyst,
surface area, void volume, solid density, pore volume distribution,
Classification and preparation of catalyst, catalyst promoters.
Catalyst inhibitors, Catalyst poisons, Nature and Mechanism of
Catalytic reactions

Module 2: Solid Catalyzed reaction

Adsorption isotherms and rates of adsorption and desorption.
Kinetic regimes, rate equations for surface kinetics, Pore diffusion,
determining rate controlling step, experimental methods for
finding rates, product distribution in multiple reactions

Module 3: Catalytic reactors

Catalytic reactions, introduction to LHHW (Langmuir-
Hinshelwood-Hougen-Watson) and Eley Rideal kinetic model,
introduction to Catalytic Reactors: Packed bed catalytic reactors,
fluidized bed reactors, trickle beds, slurry reactors.

Module 4: Reactor design

Design concepts, Mass transfer correlations for various reactors,
non-isothermal interphase effectiveness factor. Case study for
industrial reactors design

18 Go to Index




Suggested Books Textbooks

1. H. S. Fogler, Elements of Chemical Reaction Engineering,
Prentice Hall (2006), ISBN: 978-0131278394.

2. Froment, G.B., and K.B. Bischoff, Chemical Reactor Analysis and
Design, 2nd Ed., Wiley,(1990), ISBN:9780470565414

Reference books

3. J. M. Smith, Chemical Engineering Kinetics, 34 ed, McGraw-Hill
(1998), ISBN: 978-0070665743

4. 0. Levenspiel, Chemical Reaction Engineering, John Wiley &
Sons (2006), ISBN:978-8126510009
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Course code

ChE 607/407

Title of the course

Process Monitoring and Control Systems

Course Category

Core

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned
Department

Chemical Engineering

Pre-requisite, if any

None

Course Objective

This course is designed to provide students with a deep
understanding of advanced process control techniques and
methods and applications. It will build upon the fundamentals of
process control covered in undergraduate courses and introduce
more complex topics, including model predictive control (MPC),
nonlinear control, and advanced sensor technologies.

Course Outcomes

Students will be able to:

® Develop and implement advanced control strategies for
complex chemical processes.

® Analyze and optimize process performance using advanced
control techniques.

@ Evaluate the effectiveness of different control strategies.

@ Utilize advanced sensor technologies for process control and
optimization.

Course Content

Module 1: Introduction and Motivation

Process Control overview, Review of classical feedback,
feedforward control & transfer function approaches, State-space
models, Control Hierarchy, Linearization of Mechanistic Models.
Module 2: Control Relevant Linear Perturbation Models
Z-transforms & introduction to digital control, State estimation &
system identification, Development of Grey-box models, Stability
Analysis of Discrete Time Systems and Development of Output
Error Models, Stochastic Processes, ARX, ARMAX Models

Module 3: Interaction Analysis and Multi-loop Control
Lyapunov Functions, Multivariable Decoupling Control and Soft
Sensing.

Module 4: State Estimation and Kalman Filtering
Development of Luenberger Observer and Introduction to Kalman
Filtering

Module 5: Quadratic Optimal Control and Model Predictive
Control Pole Placement State Feedback Control Design,
Introduction to Linear Quadratic Gaussian (LQG) Control, Model
Predictive Control (MPC)
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Suggested Books

Textbooks
1. Seborg D. E. Edgar T. F. and Mellichamp D. A, Process
Dynamics and Control, 2nd Ed., John Wiley and Sons, 2004.
ISBN: 978-1-119-28591-5
2. Carlos A. Smith, Automated Continuous Process Control,
John Wiley & Sons, Inc. 1st Ed., 2002. ISBN 978-0471215783

Reference book

3. Franklin, G. F,, Powell, J. D.,, and M. L. Workman, Digital
Control of Dynamical Systems, Addison Wesley, 1990. ISBN:
978-0-201-51884-9

4. Ljung, L. Glad, T., Modeling of Dynamic Systems, Prentice
Hall, N. J., 1994. ISBN: 978-0135970973

5. Kannan M. Moudgalya, Digital Control, Wiley India, 2009.
ISBN: 9788126522064
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Course code

ChE 408/ 608

Title of the course

Computational Synthetic Systems Biology

Course Category

Elective

Credit Structure

L -T-P - Credits
2-1-0-3

Pre-requisite, if any

None

Course objective

The objective of this course is to understand the fundamental
principles of systems biology and its application to biological
systems, and to investigate and analyze various biomolecular
networks, including metabolic networks, signaling pathways, and
gene regulatory networks.

Course Outcomes

At the end of the course, the student would be able to appreciate the
need for taking a systems approach to biology and get familiarized
with the mathematical and computational tools to approach
biochemical systems

Course Content

Module 1: Introduction to systems biology

Introductory and basic concepts in biology: central dogma,
transcription, translation, enzymatic catalysis; Overview of systems
biology-the need for a systems approach to biology, comparison
with traditional biology, self organization in biological systems.

Module 2: Biological networks

Types of biological networks such as gene regulatory, signaling and
metabolic networks. Metabolic networks and flux analysis; Analysis
of large networks: Basic concepts of graph theory - degree
distribution, clustering coefficient, pathlength, shortest path,
Betweenness centrality; Random Networks - Erdés-Rényi Model.

Module 3: Mathematical modeling of biological networks

ODEs for modeling dynamic systems and parameter estimation;
Stochastic modeling of gene expression and biochemical reactions:
Chemical Master equations, Numerical simulations - Monte Carlo
simulations (Gillespie algorithm)

Module 4: Enzyme Kinetics
Inducer and repressor binding, Cooperativity and Inhibition, hill

kinetics, Michaelis-Menten kinetics.

Module 5: Synthetic biology tools and techniques
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Introduction to synthetic biology: principles, design-build-test
cycle; synthetic gene circuits: oscillators, switches and logic gates;
Synthetic pathways: metabolic engineering, bioproduction

Suggested Books

Textbooks
1. Alon U. An introduction to Systems Biology: Design
Principles of Biological Circuits. Chapman & Hall/CRC
(Taylor & Francis Group) London, (2007). ISBN:
1584886420
Reference books
2. Philip Nelson, Biological Physics: Energy, Information, Life.
W. H. Freeman. (2007). ISBN: 978-0716798972
3. Newman, Mark. Networks: An Introduction. Oxford
university press, (2018), ISBN: 978-0199206650
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Course code

ChE 609

Title of the course

COz2 capture, utilization and storage

Course Category

Elective

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned

Department

Chemical Engineering

Pre-requisite, if any

None

Course objective

The course aims to provide students with an understanding of key
technologies developed for CO, capture, utilization and storage (CCUS),
which are essential in reducing greenhouse gas emissions.

Course Outcomes

e Learn the key methods—post-combustion, pre-combustion, and
oxy-fuel—and their industrial applications and challenges.

e Understand geological and mineral storage options, along with
safety, monitoring, and long-term stability concerns.

e Explore pathways to convert CO, into fuels, chemicals, and
materials, focusing on potential, scalability, and limitations.

Course Content

Modulel: Fundamentals of CO, Emissions and Climate Change
Introduction to the science of climate change, the role of CO, as a
greenhouse gas, and its environmental impact, major anthropogenic
sources of CO, emissions and highlights the global need for mitigation
Module 2: CO, Capture Technologies and methods

Post-combustion, pre-combustion, and oxy-fuel combustion. principles,
advantages, limitations, and current industrial applications of each
method.

Module 3: CO, Transport and Storage

Compression and transport of CO, via pipelines and ships, including safety
and infrastructure considerations. Geological storage (saline aquifers,
depleted reservoirs) and mineral carbonation, with attention to
monitoring and long-term stability.

Module 4: CO, Utilization Pathways

Converting CO, into useful products such as fuels, chemicals, bio-based
materials, and construction products. Chemical, biological, and
mineralization-based utilization methods, assessing their scalability and
economic viability.

Module 5: Policy, Economics, and Emerging Trends in CCUS Economic
aspects of CCUS, including cost analysis, carbon pricing, and market
drivers. Introduction to emerging technologies like Direct Air Capture
(DAC), along with global policy frameworks and real-world CCUS projects.
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Suggested Books Textbooks

1. S.A. Rackley, “Carbon Capture and Storage”, 2nd edition, Elsevier,
2017,978-0-12-812041-5.

2. M. Goel, M. Sudhakar, R.V. Shahi, “Carbon Capture, Storage and
Utilization”, 1st ed., CRC Press, 2019, 9780429059117

Reference books

3. B.M. Bhanage, M. Arai, “Transformation and Utilization of Carbon
Dioxide”, 1st edition, Springer, 2014, 978-3-642-44988-8,

4. G.Centi, S. Perathoner, “Green Carbon Dioxide”, 2nd ed., Wiley, 2014.
978-1-118-59088-1
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Course code

ChE 611

Title of
course

the

Rheology of Complex Fluids

Course Category

Elective

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned

Department

Chemical Engineering

Prerequisite, if
any

Nil

Objective The course aims to expand the understanding of non-Newtonian
fluids by explaining the common models used for describing them, as
well as the experimental and computational techniques used for
characterizing their material properties.

Course At the end of the course, students will be able to:

Outcomes e Use the appropriate model for describing non-Newtonian

fluids,
o Identify the rheological techniques
measurement of material functions, and
e Understand computational rheological techniques
interpret scientific literature on complex fluids.

applicable for the

and

Course Content

Module 1: Introduction to Complex Fluids
Distinction between Newtonian and Non-Newtonian fluids, Normal
stress effects, Rheological measurements and properties, Kinematics
and Stress, structural probes of complex fluids
Module 2: Constitutive Relations
Generalized Newtonian Fluid, The General Linear Viscoelastic Fluid,
Nonlinear viscoelastic constitutive equations, Admissibility Criteria
for Constitutive equations
Module 3: Rheometry
Fluid dynamics of rheometry, measurement of viscosity and normal
stress differences, shear and extensional rheometry, rheo-optics,
active and passive microrheology
Module 4: Computational Rheology
Molecular dynamics simulations, Brownian dynamics simulations,
Monte Carlo sampling, Lees-Edward and Kraynik-Reinelt boundary
conditions
Module 5: Applications
Suspension rheology, electro- and magneto-responsive fluids,
rheology of dilute polymer solutions and melts, liquid crystal
rheology, particulate and polymer gel rheology
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Suggested Books

Textbooks
1. C. W. Macosko, “Rheology: Principles, Measurements, and
Applications”, 1st edition, Wiley (1994), ISBN: 978-
0471185758
2. R. G. Larson, “The Structure and Rheology of Complex Fluids”,
Oxford University Press (1999), ISBN: 978-0195121971

Reference books
3. R.B.Bird, C. F. Curtiss, R. C. Armstrong, O. Hassager, “Dynamics
of Polymeric Liquids: Vol 1”, 2nd edition, Wiley (1987), ISBN:
978-0471802457
4. B. D. Todd and P. ]. Daivis, “Nonequilibrium Molecular
Dynamics”, Cambridge University Press (2017), ISBN: 978-
1139017848
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Course code

ChE 612

Title of the course

Scientific Communication & Research Methodology

Course Category

Core

Credit Structure

L -T-P - Credits
0-2-0-2

Name of the
Concerned

Department

Chemical Engineering

Pre-requisite, if any

None

Course Objectives

The objectives of this course are to provide methodologies used to do
research, appreciate scientific ethics and effective scientific
communication strategies.

Course Outcomes

Enable the student to communicate scientific ideas clearly and
educate them on the scientific method

Course Content

Module 1: Methodology
Scientific method, reasoning,
Reproducibility.

Module 2: Research practice for graduate students

Literature survey with and without Al tools, Formulation of research
problem, development of prototype/product.

Experimental design: Controls,

Module 3: Data Presentation and Visualization
Data plotting, Signal vs Noise, the grammar of graphics, LaTeX
typesetting, generation of publication-quality figures

Module 4: Technical writing
Technical writing, reports, abstracts, journal papers, thesis and
dissertation and peer-review

Module 5: Ethics and Intellectual Property Rights

Ethics in research, scientific misconduct, plagiarism, rights and
responsibilities of authorship, Patents and intellectual property
rights.

Suggested Books

Reference books
1. Peter]. Feibelman. “A PhD is not Enough! A guide to survival
in science.” Basic Books. 2011.ISBN: 0465022227
2. Thomas Levenson. “The Hunt for Vulcan”. Random House.
2015.ISBN: 0812998987

28 Go to Index




Course code

ChE 613

Title of the course

Bioseparations and Downstream Processing

Course Category

Elective

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the Concerned
Department

Chemical Engineering

Pre-requisite, if any

None

Course Objective

The objective of this course is to prepare students to become process
engineers in biomanufacturing operations

Course Outcomes

At the end of the course, the student would be able to learn about
various bioproducts and bioseparations employed to economically
recover products derived from cells grown in bioreactors

Course Content

Module 1: Introduction to Bioproducts and Bioseparations
Major bioproducts and their classifications: small biomolecules
including primary and secondary metabolites, proteins and RNA,
upstream processes.

Module 2: Cell lysis and Flocculation

Cellular structure, cell lysis mechanisms, flocculation: electrical
double layer, forces between particles and flocculation by
electrolytes, Flocculation rate and agents.

Module 3: Filtration and Sedimentation

Filtration Principles: conventional and crossflow filtration, Filter
media and equipment, membrane fouling, scaleup and design of
filtration systems; Sedimentation principles, Methods of
sedimentation, Centrifuges, Ultracentrifugation, Flocculation and
sedimentation.

Module 4: Liquid Chromatography and Adsorption

Adsorption Equilibrium and column dynamics; Chromatography
column dynamics, plate models, mass balance, dispersion effects;
Adsorbent types and Equipment

Module 5: Crystallization and Drying

Crystallization principles, Nucleation and crystal growth, Process
crystallization of proteins, Heat and mass transfer in drying, Drying
equipment and their design.

Module 6: Liquid extraction and precipitation
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Phase equilibria and partitioning, countercurrent stage calculations,
Examples of extractors. Protein solubility, Precipitate formation
phenomena, Methods of precipitation and design of precipitation
equipment.

Suggested Books

Textbooks
1. Roger G. Harrison, Paul W. Todd, Scott R. Rudge, and Demetri
P. Petrides. Bioseparations Science and Engineering, Oxford
University Press, 2nd Edition, 2015. ISBN: 978-0190213749
2. Ladisch, M.R,, Bioseparation Engineering: Principles, Practice
and Economics, Wiley, Interscience. 2001 ISBN: 0471244767
Reference Textbooks:
3. Sivasankar, B., Bioseparations: Principles and Techniques,
PHI Learning, ISBN: 9788120326491
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Course code

ChE 614

Title of the course

Chemical Process Safety and Risk Assessment

Course Category

Core

Credit Structure

L-T-P - Credits
0-1-0-1

Name of the Concerned
Department

Chemical Engineering

Pre-requisite, if any

None

Course objective

Enable students to understand how to identify, analyze, and mitigate
hazards in chemical processes and ensuring the safety of people, the
environment, and assets.

Course Outcomes

At the end of the course, students will be able to:
e Understand major accident causes and prevention
strategies.

e Apply toxicology principles to evaluate health risks.
e Perform formal hazard reviews (HAZOP, LOPA)

Course Content

Module 1: Introduction & Fundamentals

Risk, Process Safety, Inherent Safety, Accident Theories & Case
Studies (e.g., Flixborough disaster, Bhopal gas tragedy), Loss
Statistics & Accident Investigation, Health Hazards, Exposure
Routes, Dose-Response, Industrial Hygiene Monitoring, Ventilation,
PPE, Material Safety Data Sheets (MSDS), Runaway Reactions,
Decomposition, Initiating Factors.

Module 2: Hazard Identification & Risk Assessment

HAZOP, What-If Analysis, Risk Matrices, Frequency/Consequence.
Fault Tree Analysis (FTA) & Event Tree Analysis (ETA), Layer of
Protection Analysis (LOPA).

Suggested Books

Textbooks

1) Crowl D.A. and Louvar J.A, “Chemical Process Safety
Fundamentals with Applications,” Prentice Hall, 1990. ISBN:
0131382268

2) Wentz, C.A.,, “Safety Health and Environmental Protection,”
McGraw Hill, 2001. ISBN: 0071168613

Reference Textbooks

3) Lees, F. P, "Loss Prevention in Process Industries"”, Vol.1 and 2,
2nd ed., Butterworth, 1996. ISBN: 0750615451
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https://www.google.com/search?q=Hazard+Identification+%26+Risk+Assessment&rlz=1C5CHFA_enIN1111IN1111&sca_esv=66c1dd4ec4def70c&ei=EKllaaWmPLmRseMPiLW0kQE&ved=2ahUKEwjYh9nnt4eSAxW1SWwGHXIvMUwQgK4QegQIBBAT&uact=5&oq=chemcial+process+asfety+and+risk+assesment+course+syllabus&gs_lp=Egxnd3Mtd2l6LXNlcnAiOmNoZW1jaWFsIHByb2Nlc3MgYXNmZXR5IGFuZCByaXNrIGFzc2VzbWVudCBjb3Vyc2Ugc3lsbGFidXMyBxAhGKABGAoyBxAhGKABGApI1D1QwwhYpTpwBHgAkAEAmAHXAaAByxSqAQYwLjEzLjK4AQPIAQD4AQGYAhKgApIUwgIKEAAYsAMY1gQYR8ICBBAhGBWYAwDiAwUSATEgQIgGAZAGCJIHBjQuMTEuM6AHl12yBwYwLjExLjO4B4IUwgcGMC4xNi4yyAckgAgA&sclient=gws-wiz-serp

Course code

ChE 616

Title of the course

Design of Experiments

Course Category

Flexi-core

Credit Structure

L-T-P-Credits
2-1-0-1.5 (Half-semester)

Name of the Concerned
Department

Chemical Engineering

Pre-requisite, if any

None

Course Objectives

Essential tools and techniques of design of experiments with specific
application to modeling and analysis of chemical processes.

Course Outcomes

@ Design statistically sound experiments for multi-variable
chemical processes.

® Optimize chemical and biochemical processes using
structured experimentation.

Course Content

Module 1: Introduction to Experimental Design: Importance of
Design of Experiments (DoE) in engineering and science,
introducing key concepts like factors, levels, responses, replication,
and blocking to ensure experimental reliability. Screening designs
using full and fractional factorial experiments, enabling
identification of significant factors

Module 2: Methods for DoE: Response Surface Methodology
(RSM), Central Composite Design (CCD) and Box-Behnken Design,
Taguchi methods for sequential experimentation strategies to refine
models and improve performance efficiently.

Case studies: semiconductor etching process, catalyst formulation,
coating process

Suggested Books

Textbooks
1. George. E. P. Box, . Stuart Hunter, William G. Hunter,
“Statistics for Experimenters: Design, Innovation, and
Discovery”, 2nd Edition, Wiley, 2005. ISBN: 978-0471718130
Reference books
2. Montgomery, D.C., “Design and Analysis of Experiments”, 5
Ed., John Wiley and Sons Inc., New York, 2006. ISBN 978-
1118-14692-7.
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Course code

ChE 618

Title of the course

Data Analytics and ML for Process Modelling

Course Category

Flexi-core

Credit Structure

L-T-P-Credits
2-1-0-1.5 (Half semester)

Name of the
Concerned

Department

Chemical Engineering

Pre-requisite, if any

None

Course Objectives

Essential tools and techniques of data analytics and machine learning
(ML), with specific application to modeling and analysis of chemical and
biochemical processes.

Course Outcomes

® Understand the nature and structure of chemical process data and
perform exploratory data analysis.

@® Apply statistical and machine learning methods for building
predictive and classification models in process engineering.

@® Evaluate model accuracy, robustness, and generalizability using
appropriate validation techniques.

Course Content

Module 1 - Introduction and Process Data Analytics: Role of data
analytics and ML in chemical process modeling, Types of process data:
time-series, batch, steady-state, sensor-based, Exploratory data analysis
(EDA): statistical summaries, visualization techniques, Handling missing
data, outliers, noise, error analysis, Correlation and causation in process
systems

Module 2 - Machine Learning Methods for Process Modelling:
Supervised learning, artificial neural networks, support vector machines,
linear regression and classification techniques. Model selection and
validation, cross-validation strategies and hyperparameter optimization.
Application to process systems: prediction of product yield, classification
of operating states, etc .

Module 3 - Hybrid, Interpretable and Advanced ML for Process
Engineering: Hybrid Modeling v/s black and white box models, Feature
importance, partial dependence plots, Bootstrapping, Bayesian
regression (conceptual), Confidence intervals in predictions and ML in
MPC frameworks.Building process digital twins using surrogate ML
models, Case studies (batch reactor modeling, CO, absorption,
wastewater treatment, membrane separations etc.), responsible use of
data-driven models in chemical engineering (ethical/engineering
limitations).
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Suggested Books

Textbooks
1. T. Agami Reddy, Gregor P. Henze, Applied Data Analysis and
Modeling for Energy Engineers and Scientists, 1st ed., Springer
(2011), ISBN: 9781441996138
Reference books:
2. S. Sridhar, M. Vijayalakshmi, Machine Learning, 1st ed. Oxford
University Press (2021), ISBN: 9780190127275
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Course code

ChE 651

Title of the course

Applied Computational Methods Lab

Course Category

Core lab

Credit Structure

L-T-P - Credits
0-0-3-1.5

Name of the Concerned
Department

Chemical Engineering

Pre-requisite, if any

None

Course Objective

To impart knowledge about computational techniques in chemical
engineering particularly numerical methods and understand and
quantify errors in computational methods, ensuring the reliability of
numerical results.

Course Outcomes

Enable the student to have in-depth knowledge of computational
methods in chemical engineering and its application to solve algebraic
and differential equation models occurring in process simulation,
modeling and design problems.

Course Content

List of representative experiments:

Error Analysis and Numerical Precision in Chemical
Engineering Computations: Case study of Material balance
calculations for recycle systems

Solution of Nonlinear Algebraic Equations in Process Models:
Case study of Vapor-liquid equilibrium (bubble/dew point
calculation)

Systems of Simultaneous Nonlinear Algebraic Equations in
Process Simulation Problems: Case study of Steady-state CSTR
with multiple reactions

Numerical Solution of Initial Value ODE Problems: Case Study
of Batch reactor kinetics or Transient energy balance

Stiff Systems and Implicit Time Integration: Case Study of Non-
isothermal reactor dynamics

Boundary Value Problems in Transport Phenomena: Case Study
of Steady-state heat conduction with reaction or Diffusion with
reaction in catalyst pellets

Numerical Solution of Partial Differential Equations: Case study
of Plug flow reactor with axial dispersion

Parameter Estimation and Model Validation: Case Study
of Kinetic parameter estimation from batch reactor data
Sensitivity Analysis and Uncertainty Propagation: Case Study
of Monte Carlo-based uncertainty propagation
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Suggested Books

Reference Books
1. S K. Gupta, Numerical Methods For Engineers, New Age
Publishers, ISBN: 978-1781830000
2. Steven C. Chapra and Raymond P. Canale, Numerical Methods
for Engineers, (McGraw-Hill), 978-0073401065
3. Linfield, G. and ]. Penny; Numerical Methods Using MATLAB,
Prentice Hall, 1999. Academic Press Inc. 978-0128122563
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Course code

ChE 653

Title of the course

Analytical Tools and Techniques Lab

Course Category

Core Lab

Credit Structure

L -T-P - Credits
0-0-3 -1.5

Name of the
Concerned

Department

Chemical Engineering

Pre-requisite, if any

None

Course Objective

Introduce the students to various thermal, adsorption-
desorption and microstructure characterization techniques.
Understand fuel properties, elemental analysis and textural
properties.

Course Outcomes

Evaluate the microstructure properties of materials.
Determine the fuel properties and elemental composition of the
material.

Course Content

List of representative Experiments

e Determination of crystal structure of given metals using X-
ray diffraction.

e Proximate and Ultimate analysis of coal

e Biological oxygen demand (BOD) and chemical oxygen
demand (COD) of water sample

e Determine the composition of Carbon, Hydrogen, Nitrogen
and Sulphur (CHNS) of the fuel by combustion and gas
chromatography

¢ Chemisorption analysis (COz, NHs, Oz, CO) of catalyst sample
using Temperature Programmed Desorption and Adsorption
studies.

e Investigate the rheological properties of various polymers.

e Determine the elemental composition by solid.

e Determine the phase transformation temperature in steels
and shape memory alloys.

e Nz-physisorption experiment to determine Brunauer-
Emmett-Teller (BET) surface area, mesoporous surface area,
micropores surface area and external surface area.

Suggested Books

2.

Reference Books:

C. Suryanarayana, Experimental Techniques in Materials and
Mechanics, CRC Press; 1st edition (2011) ISBN: 978-
1439819043

J. M. Smith, Chemical Engineering Kinetics, 2nd ed., McGraw-Hill
(1981), ISBN: 9780070665743
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