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R.V. College of Engineering, Bengaluru — 59
(An Autonomous I nstitution affiliated to Visvesvaraya Technological University, Belagavi)
Department of Chemical Engineering
Vision:

Imparting qualty education that promotes leadership Research, Innovation and
Sustainable Technologies through teamwork and Entreprsinp in Chemical Processes,
Energy, Unit Operations and Computational Chemical rieeging to meet societal
requirements.

Mission:

e Impart quality education in basic and applied areashefmical Engineering.

e Enable students and faculty to achieve proficiencyhé areas of Chemical Processes,
Energy, Unit Operations and Computational Chemical rieeging using statefthe-art
laboratories and modern infrastructure.

e Encourage faculty and students to make career in researdhcontribute towards
innovative processes and products.

e Develop inclusive technologies with a focus on neatarals and sustainability.

e Collaborate with industries and research institutes fademics and research.

¢ Inculcate leadership qualities, entrepreneurial skiligiietal and ethical values in students
and faculy.

CHEMICAL ENGINEERING PROGRAM
Program Specific Criteria (PSC)
L ead Society: American Institute of Chemical Engineers

1. Curriculum

The curriculum provides a thorough grounding in the doasiences including chemistry, physics,
and/or biology, with some content at an advancedlleas appropriate to the objectives of the
program. The curriculum also includes the engineerirgiicagions of these basic sciences to the
design, analysis, and control of chemical, physieaid/or biological processes, including the
hazards associated with these processes

2. Faculty

The master’s level engineering program must demonstrate that the faculty members are of sufficient
number and that they have the competencies to céwarthe curricular areas of the program. The
program must have sufficient faculty to accommodate watedevels of student-faculty interaction,
student advising and counseling, activities, professi development, and interactions with
industrial and professional practitioners, as wellrapleyers of students.

Program Educational Objectives (PEO)
M. Tech. in Chemical Engineering graduates wil be abi

PEO1 Use tools of Chemical Engineering in process and atiddstries or in higher studies

PEO2 Design and develop sustainable Chemical Engineesyisgems in Energy,
Environment, Materials and Biotechnology sectors

PEO3 Achieve professional success ethicaly both as aaals and in a team

PEO4 Pursue life-long learning to llecompetent Chemical Engineer
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Program Outcomes (PO)
M.Tech. in Chemical Engineering graduates wil be &dle

PO1.Scholarship of Knowledge: Acquire in-depth knowledge in Chemical Engineeringluding
wider and global perspective, with an abilty to dismate, evaluate, analyse and synthesise
existing and new knowledge, and integration of theeséor enhancement of knowledge.
PO2.Critical Thinking: Analyse complex chemical engineering problems alffic apply
independent judgement for synthesising information #kemintellectual and/or creative advances
for conducting research in a wider theoretical, pracéicdl policy context.

PO3.Problem Solving: Think laterally and originally, conceptualise andive chemical
engineering problems, evaluate a wide range of patesalistions for those problems and arrive at
feasible, optimal solutions after considering publicaltre and safety, cultural, societal and
environmental factors in the core areas of expertise.

PO4.Research Skill: Extract information pertinent to unfamiliar problems tlgio iterature survey
and experiments, apply appropriate research methodnldgiehniques and tools, design, conduct
experiments, analyse and interpret data, demonstmgtterhorder skil and view things in a broader
perspective, contribute individually/in group(s) to thevelopment of scientific/technological
knowledge in one or more domains of engineering

PO5.Usage of modern tools: Create, select, learn and apply appropriate technicessurces, and
modern engineering and IT tools, including predictiamd amodeling, to complex engineering
activities with an understanding of the limitations.

PO6.Collaborative and M ultidisciplinary work: Possess knowledge and understanding of group
dynamics, recognise opportunities and contribute tipelgi to collaborative-multidisciplinary
scientific research, demonstrate a capacity for self-gg@mant and teamwork, decision-making
based on open-mindedness, objectivity and ratiomalysis in order to achieve common goals and
further the learning of themselves as well as others.

PO7.Project Management and Finance: Demonstrate knowledge and understanding of
engineering and management principles and apply the same to one’s own work, as a member and
leader in a team, manage projects efficiently in resgectiscipines and multidisciplinary
environments after considerisation of economical anddiaa factors.

PO8.Communication : Communicate with the engineering community, anth wbciety at large,
regarding complex engineering activites confidentlyd aeffectively, such as, being able to
comprehend and write effective reports and design dodatimn by adhering to appropriate
standards, make effective presentations, and give @et/eeclear instructions.

PO9.Life-long Learning: Recognise the need for, and have the preparationkdihdta engage in
ife-long learning independently, with a high level enthusiasm and commitment to improve
knowledge and competence continuously.

PO10.Ethical Practices: and Social Responsibiity Acquire professional andl@ctual integrity,
professional code of conduct, ethics of research andasship, consideration of the impact of
research outcomes on professional practices and an tamdkimg of responsibility to contribute to
the community for sustainable development of society.

PO11l1.Independent and Reflective Learning: Observe and examine critically the outcomes of
one’s actions and make corrective measures subsequently, and learn from mistakes without
depending on external feedback.



Department of Chemical Engineering
M. Tech - Chemical Engineering

Program Specific Outcomes (PSO)
M. Tech. in Chemical Engineering graduates wil be abi

Gain comprehensive knowledge in Chemical Engineering demonstrate resear

PSO1.
capabilties
PSO2. Analyse and solve engineering problems in materiatediinology, environment ar

energy domains
PSO3. Contribute to multidisciplinary research using relevanei@bal Engineering tools
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R. V. College of Engineering, Bengaluru — 59

(An Autonomous Institution Affiliated to svesvaya Technological University, Belagavi)
Department of Chemical Engineering
M. Tech. in Chemical Engineering

FIRST SEMESTER

S. Course Code Course Title BoS CREDIT ALLOCATION Total
No Lecture | Tutorial Practical Self Study Credits
L T P S
1 |16 MEM11P Project Management IM 3 1 0 0
2 | 16 MCH 12 Applied Mathematics in Chemical
Engineering CH 4 0 0 0 4
3 | 16 MCH 13 Modeling and Simulation of
Processes(Theory & Practice) CH 4 0 1 0 S
4 |16 MCH 14 Process Equipment Design CH 4 0 0 1 5
5 | 16 MCH 15X Elective-1 CH 4 0 0 0 4
6 | 16 HSS16 Professional Skil Development HSS 0 0 2 0 2
Total 19 1 3 1 24

Elective Group 1
16MCH151 | Solid Waste Managemel 16MCH152 | Fuel Cell Technology]
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Department of Chemical Engineering
M. Tech. in Chemical Engineering

SECOND SEMESTER
S. Course Code Course Title BoS CREDIT ALLOCATION Total
No Lecture | Tutorial Practical Self Study Credits
L T P S

1 | 16 MEM21R Research Methodology IM 1 0 0 4
2 | 16 MCH 22 Heterogeneous Reaction

Systems(Theory & Practice) CH 4 0 1 0 5
3 | 16 MCH23X Elective2 CH 4 0 0 0 4
4 | 16 MCH 24X Elective -3 CH 4 0 0 0 4
5 | 16 MCH 25X Elective -4 CH 4 0 0 0 4
6 | 16 MCH 26 Minor Project CH 0 0 5 0 5

Total 19 1 6 0 26

Elective Group 2

16MCH231| Renewable Energy Resources and Syst(| 16MCH232| Industrial Wastewater Treatment

Elective Group 3

16MCH241| Bioinstrumentation and Biosensors

| 1L6MCH242| Food Process Engineering and Technolg

Elective Group 4

16MCH251| Biomass Conversion Systems

| 16MCH252| Novel Separation Technology
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THIRD SEMESTER

S. Course Code Course Title BoS CREDIT ALLOCATION Total
No Lecture | Tutorial | Practica Self Study Credits
L T P S
1 |16 MCH 31 Plant wide Control of Chemical
Process CH 4 0 1 0 5
(Theory & Practice)
2 | 16 MCH 32X Elective 5 CH 4 0 0 0 4
3 | 16 MCH 33X Elective -6 CH 4 0 0 0 4
4 | 16 MCH 34X Elective-7 CH 4 0 0 0 4
5 | 16 MCH 35 Internship/Industrial Training CH 0 0 3 0 3
6 | 16MCH36 Technical Seminar CH 0 0 2 0 2
Total 16 0 6 0 22

Elective Group 5

16MCH321| Advanced Polymer Composites

| 16MCH322 | Nano Fabrication

Elective Group 6

16MCH331| Computational Fluid Dynamics

| 16MCH332 | Oil and Gas Processing

Elective Group 7

16MCH341

Solar Photovoltaic Systems and Technolq 16MCH342

Chemical Process Integratic
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FOURTH SEMESTER

Total Credits

9. | Course Code Course Title BoS CREDIT ALLOCATION
No Lecture | Tutorial | Practical Self Study
L T P S
1 16 MCH 41 Major Project CH 0 0 26 0 26
2 16 MCH 42 Seminar CH 0 0 2 0 2
Total 0 0 28 0 28
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FIRST SEMESTER

PROJECT MANAGEM ENT

Course Code | : | 1I6MEM11P CIE Marks ;| 100
Hrs/Week | L:T:P:S 3:2:0.0 SEE Marks ;| 100
Credits 14 SEE Duration |: | 3 hrs

Course Learning Objectives:
Graduates shall be alile
1. Understand the basic principles and components ofgprojanagement

2. Appreciate the integrated approach to managing projects
3. Applythe appropriate project management tools anchigués
4. Prepare project schedules with reports

Unit — | | 10 Hrs

Introduction:Project, Project management, relationstapsong portfolio management, progrg
management, project management, and organizationg@cprmanagement, relationship betwg
project management, operations management and otgandktsstrategy, business value, role
the project manager, project management body of kngeled

Unit — |1 | 10Hrs

Generation and Screening of Project Ideas: Generatiordeafs,i monitoring the environme
corporate appraisal, scouting for project ideas, prelyis&reening, project rating index, sourg
of positive net present value. Project costing,

Project Scope Management:Project scope managemd@tt cequirements define scope, cre
WBS, validate scope, control scope.

Organizational influences & Project life cycl®rganizational influences on project managem
project state holders & governance, project team, prtifieccycle.

Unit — I11 | 10 Hrs

Project Integration ManagemeriDevelop project charter, develop project managemeat plrect
& manage project work, monitor & control project workyfpem integrated change control, clo|
project or phase.

Project Quality management: Plan quality managenpemfprm qualty assurance, control quality

Unit — 1V | 8Hrs

Project Risk Management:Plan risk management, ideniks, perform qualtative risk analys
perform quantitative risk analysis, plan risk resourcestrol risk.

Project Scheduling: Project implementation scheduliffective time management, Differe
scheduling techniques, Resources allocation methadd, ddncepts. Project life cycle costing.

Unit-V | 10 Hrs

Tools & Techniques of Project Management. Bar (GANTT) rigchbar chart for combine
activities, logic diagrams and networks, Project e#n and review Techniques (PER
Planning, Computerized project management.

Syllabus includes tutorials for two hour per week:
e Case discussions on project management
e Numerical problems on PERT & CPM
e Computerized project management exercises using M 8cP &pftware
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Course Outcomes:
After going through this course the student will be able to:
CO1: Understand the concepts, tools and techniquesdnaging large projects
CO2: Analyze various sub processes in the project neameagt frameworks
CO3: Develop project plans for various types of orgapizati
CO4: Evaluate risks and economic feasibility of projects
Reference B ooks:
1. Project Management Insttute, A Guide to the Projeahdjement Body of Knowledd
(PMBOK Guide), 5th Edition, 2013, ISBN: 9789B558967-9
2. Harold Kerzner, Project Management A System approacRldaning Scheduling &
Controling, John Wiy & Sons Inc., 11th Edition, 201SBN 978-1118022276.
3. Prasanna Chandra, Project Planning Analysis Seleciimnding Implementation &
Review, Tata McGraw Hill Publication, 7th Edition, 120 ISBN 007-0077932.
4. Rory Burke, Project Management Planning and Controling Techniques, John W|
& Sons, 4th Edition, 2004, ISBN: 98863-121-1

Scheme of Continuous I nternal Evaluation (CIE)
CIE will consist of TWO Tests, TWO Quizzes and ONEigmssent. The test will be for 30 marks

each and the quiz for 10 marks each. The assignmkbewor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)
The question paper wil have FIVE questions withrimié choice from each unit. Each question

will carry 20 marks. Student wil have to answer onesgon from each unit. The total marks for
SEE (Theory) will be 100 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11
col| L - L - L M H - - L -
coz | L L L L - M M L L -
CO3 | M M | M M L M H L L M -
coa | H H H M M | M H L M M -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
Co1 L L L
CO2 M M L
CO3 H M L
Co4 L L M
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APPLIED MATHEMATICSIN CHEMICAL ENGINEERING

Course Code : | 1I6MCH12 CIEMarks ;| 100
Hrs/Week | LT:P:S 4:0:0:.0 SEE Marks : | 100
Credits 1104 SEE Duration : | 3Hrs

Course Learning Objectives (CLO):
Graduates shall be able to
1. Understand the importance of using mathematical toosolve chemical engineering
problems
2. Apply differential equation technique to model differéaid flows
3. Analyze process performance for development of objectwmetifun
4. Evaluate alternative solutions and optimize

Unit — | 11Hrs

Linear ordinary differential equations: Overview of totaffedential equations for lumpe
parameter chemical engineering systems. Solution uethoharacteristic equation for line
equations. Homogeneous and particular solutions, adethundetermined coefficients

Unit -11 10
Hrs

Linear O.D.E.s with singular coefficients Frobenius rodtfor nonliinear second order
O. D. E. and applications in Chemical Engineering.

Unit-111 10
Hrs

Partial Differential Equations: Types of second order B.£- elliptic, parabolic - used to model
steady and unsteady transport. First order hyperbolic B?fBr inviscid flow.

Solution by separation of variables, method of momgasabolic P.DE.), d’ Alembert’s principle
(hyperbolic P.D.E.). Applications in Chemical Enginegrin

Unit-1V 8Hrs

Dimensional Analysis and Scaling of Boundary Value lerab: Introduction. Classical approac
to dimensional analysis. Finding the ITs. Scaling boundary value problems.

Unit-V 10
Hrs

Optimization: Objective function for process. Unconsgdi optimization by steepest descent
method. Constrained optimization and heuristics. Appbns in Chemical Engineering

Reference Books:

1. Richard G. Rice, Duang D. Do, Appled Mathematics dviddeling for Chemica
Engineers, John Wiy, 2nd edition, 2012, ISBN: 978t&02472-0

2 lan N. Sneddon, Elements of Partial Differential EquaticDover, Intl. edition, 20064
ISBN: 978-0486-49876-8

3 Thomas F. Edgar, David M. Himmelblau, Leon S. LasdOptimization of Chemica
Processes, McGraw-Hil, 2nd edition, 2001, ISBN: 97870-39359-2

4 Norman W. Loney, Appled Mathematical Methods for CleaihiEngineers, CRC Pregq
2nd edition, 2006, ISBN9780849397783

Course outcomes:
After going through this course the student wil bestbl

CO1| Understand inputs and outputs of system/process taodeled

CO2| Apply mathematical abstraction to formulate model

8
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CO3| Analyze model equation behavior using suitable nma#ttieal tools

CO4| Develop simple correlations by comparison with liter@ateesults

Scheme of Continuous I nternal Evaluation (CIE)

CIE wil consist of TWO Tests, TWO Quizzes and ONEigmssent. The test will be for 30 marks
each and the quiz for 10 marks each. The assignmitbewor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimi choice from each unit. Each question
will carry 20 marks. Student will have to answer onesfjon from each unit. The total marks for
SEE (Theory) will be 100 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11
col| - L L - : : : : - - :
Co2| L | M | M - : : : : - - :
CO3| H | H [ M - M x . g L - -
CoO4| H [ M [ M [ M [ ML : : L - :

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
COo1 L L L
CO2 M M L
CO3 M H M
CO4 M M M

MODELLING AND SSMULATION OF PROCESS
(THEORY & PRACTICE)

Course Code| : | 16MCH13 CIE Marks : | 100+50

Hrs/Week | LT:P:S 4:0:2:.0 SEE Marks : | 100+50

9
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Credits |:]05 | | SEE Duration | : | 3 Hrs

Course Learning Objectives (CLO):

Graduates shall be able to

Understandchemical engineering system in term of nmgdedrinciple
Distinguish simulation from design of equipments

Apply software tools such as UNISIM to model chemiaakcpsses
Develop algorithm for modeling & solve the model

SN S

Unit — | | 10Hrs

Introduction:Models and model buiding. Lumped paranemodels (steady-state &
unsteady-state). Distribution parameter models (stetadg-and unsteady state) Stochastic
models- discrete state/continuous state. Parameter estimation

Unit — |1 | 09Hrs

Modeling of Chemical Engineering Systems: Scope anderage, scope and princip
equation of motion, transport equations, Equationgaie sequilbrium and chemical kineticS

Unit — 11 | 11Hrs

Models for Chemical Engineering Systems:CSTR- Isotheromistant and variable holdy
two heated tanks, pressurized CSTR, Batch Reactor, Redittdvlass transfer

Unit — IV | 10Hrs

Multivariable ProcessedMatrix Properties and state properties, Transpose, ioverSigen
Values, Canonical Transformation, Singular Values

Unit — V | 10Hrs

Numerical analysis for simulation: Introduction to smtioh, Role of computers al
numerical methods in simulation, Iterative convergenoethods, explicit convergeng
Wegstein and Muller methods, explicit numerical inédign algorithms, implicit method
Numerical examples.

Unit — VI (Lab Component)

Cooling Tower

Distillation Column

Ethanol Plant

Atmospheric crude distillation

Multistage Crosscurrent Adsorption System
Reactors in series

Reactors in parallel
Combination of reactors

ONO Ok~ WD

Course Outcomes: After going through this course the student will bes d@bf
CO1: Understand the principles of modeling and sinauati
CO2:Apply mathematical tools to solve model equation
CO3:Analyze chemical engineering systems for modellojevent
CO4:Develop mathematical models for simple chemicgineering systems

Reference Books:

1. | Wiliam L. Luyben, Process Modeling, Simulation, ar@ontrol for Chemical
Engineers, 2 Edition, McGraw-Hill1$9, ISBN:0070391599

2. | Ramirez W.F., Computational Methods for Process Sironl## Edition,Butterworth,
1998I1SBN:9780080529691

3. | Franks R.E., Modeling and Simulation in Chemical Eegiing, John Wiley,
1972|SBN:0471275352

4. | Gaikkwad R.W, and Dhirendra, Process Modeling and Stmoal, 2nd Edition,
Denetted &Co., 2006,1SBN3190322826

Scheme of Continuous Internal Evaluation (CIE) for Theory

10
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CIE will consist of TWO Tests, TWO Quizzes and ONEigmgsent. The test will be for 30 marks
each and the quiz for 10 marks each. The assignmébewor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Continuous I nternal Evaluation (CIE) for Practical

CIE for the practical courses wil be based on the perfaamani the student in the laboratory,
every week. The laboratory records wil be evaluated fomdrks. One test will be conducted for
10 marks. The total marks for CIE (Practical) wil be for Sfrka.

Scheme of Semester End Examination (SEE) for Theory

The question paper wil have FIVE questions withrima choice from each unit. Each question
will carry 20 marks. Student wil have to answer onesfjon from each unit. The total marks for
SEE (Theory) will be 100 marks.

Scheme of Semester End Examination (SEE) for Practical

SEE for the practical courses will be based on comduttie experiments and proper results for 40
marks and 10 marks for viva-voce. The total marks for G&Rctical) wil be 50 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7| PO8| PO9| PO10| PO11

Col| L - L - - - 1 -1 -1 - -
Co2 | L L M - L - - [ L[ - -
CO3 | M M M L L L - T - -
CO4 | H H H M M L - ™M - -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 PSO2 PSO3

COo1 L L L

CO2 M M _

COo3 M H M

CO4 H L M

PROCESSEQUIPMENT DESIGN

Course Code | : | 16MCH14 CIE Marks : | 100
Hrs/Week .| LT:P:S 4.004 SEE Marks : | 100
Credits 15 SEE Duration | 3Hrs

11
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Course Learning Objectives (CLO):
Graduates shall be able to
1. Understand the chemical engineering principles ajiiceo Design chemical engineeri
equipments
2. Applystandard codes for design of chemical plant eaiipm
3. Analyzethe specifications for process equipment
4. Design process equipments and its accessories

Each design to be taught for 8 hours 48Hrs

Detailed Engineering Process & Mechanical Design Atspend sketching (The sketch shall
include sectional front view, full Top/side view) of tfalowing:

Shell and Tube Exchanger.

Horizontal and Vertical Condensers

Evaporator Single Effect

Dryers

Bubble Cap Distillation Column

Packed bed Absorption Column

ok wnpE

In experiential learning / self study the students wilkpare detailed drawing of individual
allotted equipment using software’s like Chem CAD/Solid edge and apply code for shell and t
heat exchangers and submit these results as part assigment which wil be evaluated

Course Outcomes: After going through this course the student will bes @bl
1.Understanddesign procedure of process equipments

2.Apply chemical engineering principles to design pescequipments

3.Estimate physical dimensions of various parts ofnided process equipments and accessori
4.Analyze various design options at all design stage

Reference Books:

1. | R.H.Perry and D.W.Green, Chemical Engineers Handbook,rddeGil, 7" Edition, 1998
ISBN 0-07-1159827

2 | J.M.Coulson and J.F.Richardson, Chemical Engineeringgnitne Press, Vol.6,"3 Edition
1993ISBN:10-0750641428

3 | Brownell and Young: Process Equipment Design - VeBsdign, John Wiley, Publishg
1951, ISBN:0471113190

4 | M.V.Joshi, Process Equipment DesidghBdition, Macmilan and Co. India, Delhi, Reprint
1998 ISBN 0230638104

Scheme of Continuous I nternal Evaluation (CIE)
CIE wil consist of TWO Tests, TWO Quizzes and ONEigmssent. The test will be for 30 marks
each and the quiz for 10 marks each. The experiezsiaihg wil be for 20 marks. The total marks

for CIE (Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

There should be two questions. Each question shmultbr maximum of 100 Marks. Students
should answer anyone

M apping of Course Outcomes (CO) to Program Outcomes (PO)

12
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PO1 PO2 PO3 PO4 PO5 PO6 | PO7 | PO8 | PO9 | PO10 | PO11
COo1 M L L - - - - - - M -
CO2 H H M M L L - - L - -
COo3 L L M M M L - - B "
CO4 H H M H M M H L M M L
M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)
PSO1 | PSO2 | PSO3
CO1 L L L
CO2 M L L
CO3 M M L
CO4 M H M
SOLID WASTE MANAGEMENT
(Elective group-1)
Course Code 16MCH151 CIE Marks 100
Hrs/Week LTP:S 4:0:0:0 SEE Marks 100

13
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Credits [:]4 | | SEE Duration | : | 3 Hrs

Course Learning Objectives (CLO):

Graduates shall be able to

1. Understand steps involved in sold waste management

2. Apply chemical engineering principles to treat solidste

3. Analyze the energy conversion, recycle and reuse df salste

4. Evaluate health and environmental issues relatedlitowaste management

Unit — | 10Hrs

Functional elements, Philosophy and organizatioafuSt of sold waste management, Integra
waste management strategy. Legislation and Governraggincies, Planning solid was
management. Transport - collection systems, colecéiquipment, transfer stations, collect
route optimization, Onsite handling, Collection SG$CS, and separation processes, SOl
reduction, Storage and processing, Transfer and transport

Unit — 11 | 10Hrs

Processing techniques and equipment. Biochemical @mome Composting - Aerobi
composting. Sources of energy generation, Industrialeyagjro residues; Anaerobic Digesti
Biogas production; Types of biogas plants, Communiggds plants

Thermal conversion techniques Pyrolysis, Gasificatwaste to energy Generation Sources
energy generation, Gasffication; Types of gasifiers; Htndilis applications of gasifierg
Briguetting; Utilization and advantages of briquettirigefuse derived Fuel.

Unit — 111 09 Hrs

Waste disposal options - Disposal in landfils - dfinClassification, types and methods - S
selection - design and operation of sanitary landfliscure landfils - leachate and landfill g
management - landfil closure and environmental mamio- closure of landfils - landfi
remediation

Incineration; Furnace type & design; Medical / Pharraéical waste incineration; Environmenta
impacts; Measures of mitigate environmental effectsalugcineration

Unit — IV | 11Hrs

Hazardous waste and their management, Process mamigsswes, Planning. Sources &
Nature of Hazardous Waste - Impact on Environment - tdama Waste -Disposal of Hazardg
Waste, Underground Storage Tanks Construction, Insiallsi Closure.

Biomedical (Handling and Management) Rules 2008, sourteatment and disposal, E Was
Management

Unit — V | 10Hrs

Case studies on major industrial solid waste generaimts- Coal fired power plant, Text
industry, Brewery, Distilery, Oil refinery, Radioactive @eation units. Oil spils. Recel
Developments in Sold Wastes Reuse and DisposaleP Generation, Blending with constructi
materials and Best Management Practices (BMP), Role ofugsadoganizations in Sold Was
Management Governmental, Non-Governmental, Citizen Forums.

Course Outcomes: After going through this course the student wil bes d@bf

COL1: Understand the importance of waste reduction ateou

CO2: Apply the principles of existing and emerging texddgies to convert waste to value add
products

CO3: Analyzeand select appropriate waste managenumidaes

14
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CO4: Develop sold waste management scheme for an arean

Reference Books:

1. | George Tchobanoglous,integrated Sold Waste ManagemdoGraw-Hil Publishers
2003ISBN:0070632375

2. | B.Biltewski, G.HardHe, K.Marek, A.Weissbach, and H.Bdieker, Waste Managemel
Springer, 2004, ISBN783642082122

3. | Jagbir Singh, and A.L. RamanathaBold Waste Management Present and Fuy
Challenges, I.K. International House Pvt. Ltd., NewhDe&l010,ISBN:9789380026428

4. | R.E.Landreth and P.A.Rebers, Municipal Sold Wasteproblems and Solutions, Lew
Publishers, 2002,ISBN:9781566702157

Scheme of Continuous I nternal Evaluation (CIE)
CIE wil consist of TWO Tests, TWO Quizzes and ONEigmssent. The test will be for 30 marks

each and the quiz for 10 marks each. The assignmiébewor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)
The question paper wil have FIVE questions withrimié choice from each unit. Each question

will carry 20 marks. Student wil have to answer onesgjon from each unit. The total marks for
SEE (Theory) will be 100 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7| PO8| PO9| PO10| PO11
Co1 M H L - - L - - L H -
CO2 M H M L M L M - M M -
CO3 M M M M M M M - M H -
CO4 M H H H M M M M M H -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 PSO2 PSO3
CO1 - L -
CO2 L M L
CO3 L M M
CO4 M H M
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FUEL CELL TECHNOLOGY
(Elective group-1)

Course Code |: | 16MCH152 CIE Marks - | 100
Hrs/Week : | LT:P:S 4:0:0:.0 SEE Marks : | 100
Credits 14 SEE Duration : | 3Hrs

Course Learning Objectives (CLO):
Graduates shall be able to

1. Understand the importance and the need of fuel cells

2. Apply thermodynamic principles of a fuel cell and comsp#@ with other energy storag

devices
3. Analyze the construction of the fuel cell, its operatand kinetics.
4. Evaluate the performance of the fuel cells

Unit — | 10Hrs

Hydrogen characteristics and importance, conventionad @&on-conventional methods
hydrogen production, hydrogen storage, handling andysafe

Unit — 11 | 09Hrs

Introduction, fuel cell definition, historical developments, working ppilecof fuel cel, components ¢
fuel cell, open circuit voltage, fuel cell reactions, fuelsdells and their properties, balance of plant
Fuel Cell reaction kinetics, activation kinetics and electroddikse

Unit — 111 | 10Hrs

Classification of fuel cells, alkaline fuel cell, direoethanol fuel cell, phosphoric acid fuel cell,
fabrication, advantages, disadvantages and apptisatio

Unit — IV | 11Hrs

Sold oxide fuel cell, proton exchange membrane fuklmelten carbonate fuel cell, fabrication
advantages, disadvantages and applications

Unit — V | 10Hrs

Fuel Cell Characterization, current voltage curve, in-situ characterization, currentvoltage
measurement, current interrupt measurement, cyclic vokdry, electrochemical impedan
spectroscopy and ex-situ characterization technigques

Course Outcomes: After going through this course the student will bes d@bf

CO1: Understand the concepts of fuel cells and thedti&s

CO2: Apply thermodynamics and chemical engineeririgciples to evaluate performance of g
fuel cell

CO3: Analyze the performance of various fuel cells baseeffiiciencies and characteristics
CO4 : Develop new components or alternative materialexeting fuel cells

Reference Books:

1. | Viswanathan and M AuliceScibioh; Fuel Cels Principles and Applications, Universitid
Press; First Edition, reprinted in 2009,ISEIN81420060287

2. | James Larminie and Andrew Dicks, Fuel Cell Systemslaibgul; John Wiey & Song
Second Edition,2003ISBN 9780768012590

3. | O 'Hayre, R. P., S. Cha, W. Colella, F. B. Prinz, Fuel Ba#ldamentals, Wiley, NY, Firg
Edition (2006),ISBN9780470258439

4. | Basu, S. (Ed) Fuel Cell Science and Technology, Sprimtget, First Edition (2007),ISBN
9780387688152
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Scheme of Continuous Internal Evaluation (CIE)

CIE wil consist of TWO Tests, TWO Quizzes and ONEigrsment. The test wil be for 30 marks
each and the quiz for 10 marks each. The assignmébewor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimé choice from each unit. Each question
will carry 20 marks. Student wil have to answer onesfjon from each unit. The total marks for
SEE (Theory) wil be 100 marks.

M apping of Course Outcomes(CO) to Program Outcomes (PO)

POI | PO2 | PO3 | PO4 | PO5 | PO6 | PO7| PO8[PO9[ PO10]| PO11
COlL| M - - - - - - - - -
Coz | M M L - - - - L - -
CO3 | M H L M M M . L - -
CO4 | H H H H M M M [ L | M C -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
CO1 L L -
CO2 L L L
CO3 M L M
CoO4 L M M
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PROFESS ONAL SKILL DEVELOPMENT

Course Code | : | 16HSS16 CIE Marks ;| 50

Hrs/Week | L:T:P:S 0:0:4:0 Credits 12

Course Learning Objectives (CLO):
Graduates shall be able to
1. Understand the importance of verbal and written comratioic
2. Improve qualtative and quantitative problem solvirgllss
3. Apply critical and logical think process to specifioipems
4. Manage stress by applying stress management skills

Unit-| | 5Hrs

Communication SKills: Basics of Communication, Personal Skils & Presemtatiskills,
Attitudinal Development, Self Confidence, SWOC analysis

Resume Writing: Understanding the basic essentials for a resume, Reswriting tips
Guidelines for better presentation of facts.

Unit-1 | | 6Hrs

Quantitative Aptitude and Data Analysis: Number Systems, Math Vocabulary, fract
decimals, digit places etc. Reasoning and Logicaitusie, - Introduction to puzzle and ganj
organizing information, parts of an argument, common fleavguments and assumptions. Vel
Analogies — introduction to different question types analogies, sentence completions, sente
corrections, antonyms/synonyms, vocabulary buiding. eReading Comprehension, Probl
Solving

Unit-111 | 4Hrs

Interview SKills: Questions asked & how to handle them, Body languaggerview, Etiquette
Dress code in interview, Behavioral and technical ime&rs, Mock interviews -Mock interviews
with different Panels. Practice on Stress Interviewshilieal Interviews, General HR interviewy

UnitlV | S5Hrs

Interpersonal and Managerial Skills:Optimal co-existence, cultural sensitivity, gen
sensitivity; capabilty and maturity model, decisioraking abilty and analysis for brain stormir
Group discussion and presentation skKills;

Unit-V | 4Hrs

Motivation and Stress Management: Self motivation, group motivation, leadership akst
Stress clauses and stress busters to handle streske-@tess; professional ethics, values tq
practiced, standards and codes to be adopted as & sEngineers in the society for varig
projects

Note: The respective departments should discuss case sstadé standards pertaining to th
domain

Course Outcome:

The Graduate will be able to :

CO1.: Develop professional skill to suit the industry requieeim

CO2: Solve quantitative and reasoning problems with conéde

CO3: Demonstrate leadership and interpersonal working skillgarious situations
CO4: Display verbal communication skills with appropriatedy language
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Scheme of Continuous Internal Examination (CI E)
Evaluation will be carried out in TWO Phases.

M. Tech -Chemical Engineering

Phase Activity Weightage

I After 5 weeks - Unit 1, 2 & Part of Unit 3 50%

[ After 10 weeks- Unit 3, 4, 5 50%
CIE Evaluation shall be done with weightage as follows:

1. Writing skills 10%

2. Logical Thinking 25%

3. Verbal Communication & Body Language 35%

4. Leadership, Interpersonal and Stress Bursting Skills 30%
M apping of Course Outcomes (CO) to Program Outcomes (PO)

POl1| PO2 | PO3| PO4 | PO5 | PO6 | PO7| PO8 PO9 | PO10 | PO11

CO1| M L L M L M H M M M L
CO2| H H L M M M H M M M H
CO3| H H M H M M H L M M L
CO4| H H H H H H H H H H M

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
COo1 L L L
CO2 M M L
CO3 H M L
CO4 L L M
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SECOND SEMESTER

RESEARCH METHODOLOGY

Course Code | : | 1l6MEM21R CIE Marks - | 100
Hrs/Week L T:P:S 3:2:0:.0 SEE Marks : | 100
Credits 14 SEE Duration | ; | 3 hours

Course Learning Objectives:
Graduates shall be able to:
1. Understand of the underlying principles of quantitatved qualtative research
2. Perform the gap analysis and identify the overall prooksgesigning a research study
3. Choose the most appropriate research methodology tosadalgarticular research
problem
4. Gain an overview of a range of quantitative and queéaapproaches leading to data
analysis and suggesting solution.

Unit — | | 10 Hrs

Overview of Research
Meaning of Research, Types of Research, Research andfi§cidathod, Defining the Research
Problem Defining the Research Problem, Research Design, DifferemaRasDesigns.

Unit — |1 | 09 Hrs

M ethods of Data Collection
Collection of Primary Data, Observation Method, Interviddethod, Collection of Data throug
Questionnaires, Collection of Data through Schedule$edion of Secondary Data, Selection
Appropriate Method for Data Collection.

Unit — 111 | 10 Hrs

Sampling M ethods
Sampling process, Non-probabilty sampling, probgbisampling: simple random samplin
stratified sampling, cluster sampling systematic rand@mpling, Determination of sample si
simple numerical problems.

Unit — IV | 10 Hrs

Processing and analysis of Data

Processing Operations, Types of Analysis, StatisticRasearch, Measures of:. Central Tende
Dispersion, Asymmetry and Relationship, correlation aagression, Testing of Hypotheses
single sampling: Parametric (t, z and F) Chi Square, ANOahd ron-parametric tests, numerig
problems.

Unit-V | 09 Hrs

Essential of Report writing and Ethical issues:
Significance of Report Writing,Different Steps in Writing Repayout of the Research Report,
Precautions for Writing Research Reports.

Syllabus includes 2 hours per week of tutorials in which:
e Faculty is expected to discuss research methodolégy specializationg
under consideration
e Numerical problems on statistical analysis as rexpli for the domains if
which students are studying must be discussed
e Statistical analysis using MINITAB/MatLab and suather softwares can Db
introduced
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Course Outcomes:

After going through this course the student will bes &bl

CO1: Understand various principles and concepts of reseasthodology to address resea
problems

CO2: Apply appropriate methods of data collection awvayae using statistical methods

CO3: Analyze research outputs in a structured mannepi@mare report as per the technical

ethical standards

CO4: Formulate research methodology for a given engimeenid management problem situatio

Reference Books

1. Kothari C.R., Research Methodology Methods and techmidye New Age Internationg
2004, ISBN: 9788122415223 Unit I, I, IV & V

2. Krishnaswami, K.N., Sivakumar, A. 1. and Mathirajan, , MManagement Resear
Methodology, Pearson Education India, 2009, ISBN:9788383636 — Unit 111

3. Levin, R.I. and Rubin, D.S., Statistics for Managemétit, Edition, Pearson Education: Ne

Delhi, ISBN-13: 9788177585841~ Unit I, IV

Scheme of Continuous Internal Evaluation (CIE)
CIE wil consist of TWO Tests, TWO Quizzes and ONEigmssent. The test will be for 30 marks
each and the quiz for 10 marks each. The assignmibevior 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimi choice from each unit. Each question
will carry 20 marks. Student wil have to answer onesgjon from each unit. The total marks for

SEE (Theory) wil be 100 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1 | PO2 | PO3| PO4| PO5| PO6| PO7 | PO8 | PO9 | PO10 | PO11
CO1 - - L L - L L L - - -
CO2 - - L H M L L H L M -
CO3 - - L H L L L H L M -
CO4 - - L H M L M H M H -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
CO1 M L -
CO2 M M -
COo3 M M L
CoO4 H M M
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HETEROGENEOUS REACTION SYSTEMS  (Theory & Practice)

Course Code | : | 16MCH22 CIE Marks ;| 100+50
Hrs/Week | LT:P:S 4:0:2.0 SEE Marks ;| 100+50
Credits |5 SEE Duration : | 3Hrs

Course Learning Objectives (CLO):
Graduates shall be able to
1. Understand fundamental principles and experimentalniguwds of heterogeneous react
systems
2. Apply principles of transferoperation in kinetics studieterogeneousreaction systen
3. Analyzethe rate controling step in heterogeneous iasystems
4. Evaluate the catalytic activity and selectivity uafhced by the physical and surface
properties of the catalyst.

Unit — | | 10Hrs

Non ideal reactor analysis, mixing concepts, Residentime Distribution, respons
measurements, segregated flow model, Dispersion nsehEs of stirred tanks model, analysig
nonrideal reactors and two parameter model

Unit — 1 | 10Hrs

Non-catalytic Heterogeneous Reactiongroduction, fluid-fluid reactions, fluid-solid reactiods
models to determine time of conversion

Industrial catalysisclassification of catalysts, typical industrial catelyprocesses, preparation
catalysts, catalyst supports

Unit — I11 | 10Hrs

Catalyst Characterizatiosyrface area measurements, BET theory, pore size distributionfgcrosi
chemisorption techniques, crystallography and surface analysis techXiBies{PS, NMR, Molecular
spectroscopy

Unit — IV | 10Hrs

Catalytic Heterogeneous Reactionsatalytic reactions, rate controling steps,Langmuil
Hinshelwood model, Eiley - Riedel mechanism
Catalyst deactivation, poisons, sintering of cataljstetics of deactivation, catalyst regenerati

Unit - V | 10Hrs

External diffusion effects in Heterogeneous Reactions,irkietics and pore diffusioneffect
evaluation of effectiveness factor
Design of reactors for heterogeneous catalytic & nonktataeactions

Unit — VI (Lab Component)
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Packed bed catalytic reactor

Effect of temperature on rate of reaction
Fluidized bed reactor

Absorption with reaction

Reactors in series

Reactors in parallel

Combination of reactors

Adsorption with reaction

Hydrogenation studies

© N sWNPRF

Course Outcomes:
After going through this course the student will besabt
CO1: Understand the concepts of catalytic reactions

CO2: Apply principles of transfer operation in kineticad&s of heterogeneous reaction systern
CO3: Analyze omplex chemical reaction mechanisms and kinetics
CO4:Develop rate equations for catalytic reaction system

CO5: Evaluate the performance of reactors for multiphasetioraystems

Reference Books:

1. | Smith J.M, Chemical Engineering Kinetics, 3rd EditidicGraw- Hil, 1984
ISBN:0071247084

2 | Bischoff and Froment, Chemical Reactor Design and Analpgislision Wesley, 1982
ISBN:9780471024477

3 | Fogler H.S, Elements of Chemical Reaction Engineefiggntice Hall, 1986.ISBN978
0137146123

4 | Octave Levenspiel, Chemical Reaction Engineering Editibn ,John wiley and sons,
ISBN: 9780471254249

Scheme of Continuous Internal Evaluation (CIE) for Theory

CIE wil consist of TWO Tests, TWO Quizzes and ONEigmesent. The test will be for 30 marks
each and the quiz for 10 marks each. The assignmibevwor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Continuous I nternal Evaluation (CIE) for Practical

CIE for the practical courses wil be based on the perfaman the student in the laboratory,
every week. The laboratory records wil be evaluated @omdrks. One test will be conducted for
10 marks. The total marks for CIE (Practical) wil be foma&rks.

Scheme of Semester End Examination (SEE) for Theory

The question paper wil have FIVE questions withrimi choice from each unit. Each question
will carry 20 marks. Student wil have to answer onesgjon from each unit. The total marks for
SEE (Theory) will be 100 marks.

Scheme of Semester End Examination (SEE) for Practical

SEE for the practical courses will be based on conduttie experiments and proper results for 40
marks and 10 marks for viva-voce. The total marks for G&E&ctical) wil be 50 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)
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PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7]| PO8] PO9| PO10] PO11
coi| L . - . - . - |- . .
Coz | M M - L - - - [ - - -
CO3 | M M M M C C N B - g
co4 | H M M M M L 1 -1 - - .
cCos5 | H H H H M M | - | - | L - -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 PSO2 PSO3
COo1 L L
CO2 L L L
CO3 M M L
CO4 H H M
CO5 H H M

RENEWABLE ENERGY RESOURCES & SYSTEM S
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Course Code | : | 16MCH231 CIE Marks ;| 100
Hrs/Week | LT:P:S 4:0:0:.0 SEE Marks : | 100
Credits |4 SEE Duration | 3Hrs

Course Learning Objectives (CLO):
Graduates shall be able to
1. Understand the fundamentals and characteristics of renewable enercgss
2. Apply chemical engineering principlesto use renewable energy sources
3. Analyze various renewable energy conversion systems for energy efficienc
4. Evaluate the performance of energy conversion system

Unit — | | 10Hrs

Introduction: Current energy requirements, growth in futuergnrequirements, Review of
conventional energy resources- Coal, gas and oil resaneeresources, Tar sands and Oil
Shale, Nuclear energy Option

Unit — 1 | 11Hrs

Solar Energy: Solar radiation: measurements and predicHolar thermal collectors- flat plate
collectors, concentrating collectors. Basic theory offlate collectors, solar heating of
buildings, solar still, solar water heaters, solar drieosiversion of heat energy in to mechanica
energy, solar thermal power generation systems. Soldov®ltaic: Principle of photovoltaic
conversion of solar energy, types of solar cells and fatimic

Photovoltaic applications :battery charger, domesightiig, street lighting, water pumpin
power generation schemes

Unit — 111 | 09Hrs

Wind Energy: Atmospheric circulations, classificatidactors influencing wind, wind shear,
turbulence, wind speed monitoring, Betz limit, WECS&sslfication, characteristics, and
applications

Unit — IV | 10Hrs

Ocean Energy: Ocean energy resources-ocean energy+éuiesiples of ocean thermal
energy conversion systems- ocean thermal power pBntssiples of ocean wave energy
conversion and tidal energy conversion.

Unit — V | 10Hrs

Other Sources: Hydropower, Nuclear fission and fusionfteewtal energy: Origin, types of
geothermal energy sites, site selection, geothermaépplants; Magneto-hydro-dynamic
(MHD) energy conversion.

Course Outcomes:

After going through this course the student will bee abl
CO1: Understand the importance of various renewable esergges
CO2: Apply the principles of existing and emerging texddgies to harness renewable energy
CO3: Analyze the performance of renewable energy systems
CO4: Develop power generation schemes using renewadilgyesystems

Reference Books:
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1. | D. Y. Goswami, F. Kreith and J. F. Kreider, Principlefs Solar Engineering, Taylor ar
Francis, Philadelphia 2000,1SBN781560327141

2. | C. S. Solanki, Solar Photovoltaics: Fundamental Aapéns and Technologies, Prentice
Hall of India, 2009, ISBN:9788120343863

3. | L.L. Freris, Wind Energy Conversion Systems, Prenticle #1890, ISBN:9780139605277

4. | David &Spera, Wind Turbine Technology: Fundamentahcepts of Wind Turbing
Engineering, ASME Press,1994, ISBN:9780791812051

5. | S.P. Sukhatme, Solar Energy: principles of Thermal Golecand Storage,
Tata McGraw-Hill 1984 ISBN: 1259081966

Scheme of Continuous I nternal Evaluation (CIE)

CIE wil consist of TWO Tests, TWO Quizzes and ONEigmgsent. The test wil be for 30 marks
each and the quiz for 10 marks each. The assignmibevior 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimi choice from each unit. Each question
will carry 20 marks. Student wil have to answer onesgjon from each unit. The total marks for
SEE (Theory) wil be 100 marks.

M apping of Course Outcomes(CO) to Program Outcomes (PO)

PO1|PO2 | PO3[ PO4| PO5| PO6| PO7 | PO8| PO9 | PO10| PO11
coi|l L | - - - - - - - - - -
co2l M | L [ L [ M| - L | L | - | L - -
CO3| M [ M [M [ L|L | ML -T|L - .
CO4l H | M | H | H]|M]|H]|M]|L|[M]|L -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
col| L L
co2 | L M L
cos | L M M
coa| H H H
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INDUSTRIAL WASTEWATER TREATMENT

Course Code | : | 16MCH232 CIE Marks : | 100
Hrs/Week | LT:P:S 4:0:0:0 SEE Marks ;| 100
Credits 14 SEE Duration | 3Hrs

Course Learning Objectives (CLO):
Graduates shall be able to:
Understand characteristics of industrial wastewater

2. Apply physical and chemical principles to treatindabtwaste water
3. Analyze suitable treatment method for any industriabte/avater

4. Evaluate the performance of waste water treatment methods

=

Unit — | 10Hrs

Characteristics of Industrial Wastewater:

Physical characteristics: color, odor, temperature, fty;bibtal solids. Chemical characteristic
inorganic and organic characteristcs and their detetioma Biological characteristicy
Classification of microorganisms, pathogenic organismexicity, Analysis of solids datg
Measurement of organic matter, Modeling of BOD reactigtiniation of BOD, COD.

Unit — 11 | 10Hrs

Physico - Chemical Treatment:

Introduction to wastewater treatment methods and st8pseens, Grit chamber, Comminutg
Flow Equalisation. Selection of treatment process l@gic design considerations. Sedimenta
theory, types and design. Principle of Coagulation Eladculation: types of coagulants, coagul
aids, coagulation theory, optimum dose of coagutdesjgn criteria and numerical examples.

Unit = 111 09Hrs

Bio - Chemical Treatment:
Biological process for wastewater treatment. Microbial gnokinetics, Suspended and attact
growth processes - Aerobic and Anaerobic. ActivatedgsllProcess, Extended Aeration, Coni
Stabilization, sludge blanket systems, Rotating Bickl Contactors. Management of slud
Thickening, Digestion, Dewatering, Sludge drying &wainposting.

Unit — 1V | 11Hrs

Advanced Treatment:
Disinfection: different methods, disinfectants, factors ctifig disinfection. Chlorination
classification, dechlorination. Water Softeninglons causing hardness, Membrane Technolo
Microfittration, Ultra fittration, Nanofitration and Revers®smosis, Solar Evaporation Pans,
Exchange process, Nitrogen and phosphorous removal

Unit — V | 10Hrs

Effluent Treatment Plants:

CPCB guidelines and standards for effluent treatment apdsdi Effluent treatment plant
typical chemical industries: Sugar, Dairy, Distilerfextile, and Pharmaceutical industries.
Operation and Maintenance of ETPs: Factors affectingrabpn and Maintenance of ETH
Control and Monitoring of ETPs

Course Outcomes:

After going through this course the student wil beeabl

CO1: Understand the importance of wastewater management

CO2: Apply the physico-chemical and biological principles to treat indiugtastewater
CO3: Analyze the performance of various wastewater treatnotmtigeies

CO4: Develop scheme for treating typical industrial effluents
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Reference Books:

1. | Patwardhan, A.D., Industrial Waste Water Treatment,9,Bliion, PHI learning, ISBN:
97881-2033350-5

2. | Metcalf and Eddy, Wastewater Engineering: TreatmentRewke, 2013 Edition, McGraw-
Hill Science/Engineering/Math [ISBN:978 0073401188

3. | Wesley Eckenfelder, W Industrial water pollution cont@00 Edition, Tata McGraw-Hill
Publishing Company Ltd., ISBN:7302051348

4. | NG Wun Jern, Industrial Wastewater Treatment, 2006oEditmperial Colege Press,
ISBN 1-860945805

Scheme of Continuous I nternal Evaluation (CIE)

CIE will consist of TWO Tests, TWO Quizzes and ONEigrament. The test wil be for 30 marks
each and the quiz for 10 marks each. The assignmibevior 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimi choice from each unit. Each question
wil carry 20 marks. Student wil have to answer onesfjon from each unit. The total marks for
SEE (Theory) will be 100 marks.

M apping of Course Outcomes(CO) to Program Outcomes (PO)

pPOo1 | PO2 | PO3 | PO4 |PO5 |PO6 |PO7 |PO8 |PO9 |PO10|PO11
COo1 L - . . . - - - . - .
cO2 M L L M - L L - L - -
CcO3 M M M L L M L - L - -
CO4 H M H H M H M L M L -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
COl1 - L L
CO2 L M L
CO3 M M -
CO4 M M M
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BIOINSTRUMENTATION AND BIOSENSORS

Course Code | : | 16MCH241 CIE Marks ;[ 100
Hrs/Week | LT:P:S 4:0:.0.0 SEE Marks : | 100
Credits 4 SEE Duration | 3Hrs

Course Learning Objectives (CLO):

Graduates shall be able to

1. Understand the principles of various spectrophotometdycdwoose an appropriate method
analysis of organic /inorganic compounds

2. Able to select suitable chromatographic, centrifuga¢lectrophoretic technique for separat
of desired substance from a mixture

3. Evaluate the suttability of Biosensor to a given pnaobla the fields of chemistry or biology

Unit — | | 12Hrs

Chromatography: TLC, Column chromatography- Adsorption column chromatpgy, Gel
fitration chromatography, lon exchange chromatography,niyffichromatography.
Electrophoresis - PAGE - Native and SDS, Agaroseelectrophoresis, Two-dimeals
electrophoresis, DNA sequencing gel, Capillary electigdis.

Unit — 11 | 10Hrs

Spectroscopy: Electromagnetic Radiation- properties of, Principlesstriimentation an
applications of UV, Vis, IR, Fluorescence, CD,, GC, HPNEIR, ESR, MS
Light and Electron microscopes.TEM & SEM

Unit —I11 | 8Hrs

Centrifugation:. Centrifugation and Rotors angle / vertical, zonal /oaotis flow buoyant
density centrifugation. Ultra centrifuge - principle amplication,
Other techniques: Lyophilization, Flow cytometry.

Unit -1V | 10Hrs

Biosensors: Introduction, Types of Bioreceptors ( Enzyme, antibodidscleic Acids, Whole
cells) and Transducers (Optical, Electrochemical, Pleetse&) Quartz crystal Microbalanc
Surface Plasmon resonance, Specificity, sensitivity séability of biosensors.

Unit - V | 8 Hrs

Applications of Biosensors: in food Quality (mycotoxins), detection of pathogedsalth care
Glucometers in Diabetes Management, Environmentalllutipo monitoring, Industrial
Fermentation, Miltary: Bioagents detection, Agricultufguit ripening.

Course Outcomes:

After going through this course the student will bie db:

CO1: Understand the principle, instrumentation andagtpins of various spectro-photometric
techniques

CO2: Apply chromatographic, electrophoretic and centriftegghniques to effectively separate
desired target compounds from a given mixture

CO3: Analyze applicability of bio sensors to specifgeds

CO4: Develop prototypes of Biosensors for applicationshiamical or biological domains

Reference Books:
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1. | Keith Wilson and John Walker, Practical Biochemistryméiple and Techniques, Cambridg
University Press,%ed. 2005

2. | Yang, V.C. and T.T Ngo, Biosensors and Therr AppliestioKluwer Academic/ Plenur
Publishers, 2000,ISBN978 0070654152

3. | Ligler,

F.S. and Rowe Taitt, C.A, Optical Biosensors: sere¢ & Future, Elsevie
Netherlands, 2002,1SBN780444509741

4. | Ashok Mulchandani and Kim R. Rogers (Eds.), Enzyme androllal Biosensors
Techniques and Protocols, Humana Press, Totowa,988,1$BN 08960314100

Scheme of Continuous I nternal Evaluation (CIE)

CIE will consist of TWO Tests, TWO Quizzes and ONEigmgsent. The test will be for 30 marks
each and the quiz for 10 marks each. The assignmibevor 20 marks. The total marks for CIE

(Theory) will be 100 marks.
Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimi choice from each unit. Each question
wil carry 20 marks. Student wil have to answer onesfjon from each unit. The total marks for

SEE (Theory) wil be 100 marks.
M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1[PO2 [ PO3[ PO4| PO5[ PO6[ PO7 | PO8| PO9[ PO10] PO11
coilm |- [- |- - - 1T- 1- T- T- -
Co2[M |C |- L [H [M |- |- [- [- -
CO3[M |[M M M |- [M |- |- [- [ -
CO4/H |H |[M |[M |[M [M |L |[M |[M |L -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
CO1 L L
COo2 M M
COo3 - M M
CO4 M M M

FOOD PROCESSING ENGINEERING AND TECHNOLOGY
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Course Code | : | 16MCH242 CIE Marks ;| 100
Hrs/Week .| LT:P:S 4:0:.0.0 SEE Marks ;| 100
Credits | 4 SEE Duration : | 3Hrs

Course Learning Objectives (CLO):
Graduates shall be able to
1.Understand the need for food processing

2.Apply chemical engineering principles in foodprocessing
3.Analyze separation technologies in food processing
4.Design and develop food preservation and packagtighigues

Unit — | 10Hrs

Introduction - general aspects of food industry, world fabeimand and Indian scenarf
constituents of food, qualty and nutritive aspectsod-additives, standards, deteriorative fac
and their control, preliminary processing methods, cwiwe and preservation operation.

Energy Engineering in Food Processing - Generation edrgt Fuel Utilization, Electric Powé
Utilization, Process Controls in Food Processing, Systéor Heating and Cooling Food Produg
Thermal Properties of Foods , Modes of Heat Transfer - Bgeesystems , Frozen-Fo(
Properties , Freezing Time refrigeration system for food ptedu

Unit =11 10Hrs

Separation processes in food processing- Electro-dialggstems, Reverse Osmosis Membran
Systems, Membrane Performance, Ultra fitration Membramste8)s, Concentration Polarizatior
Types of Reverse-Osmosis and Ultra fitration Systemsin@ryrocesses, Dehydration System,
Dehydration System Design, Sedimentation, Centrifoigati

Unit — 111 10Hrs

Food additives -Introduction and need for food addiiv@gpes of additives— antioxidants
chelating agents, coloring agents, curing agents,sems, flavors and flavor enhancers, fla
improvers, humectants and anti-choking agents, la@yeagents, nutrient supplements, n
nutritive sweeteners, pH control agents. Preservativdgpes and applications. Stabilizers a
thickeners, other additives. Additives and food safety.

Unit — IV | 10Hrs

Food contamination and adulteration - Types of aduits and contaminants. Intentio
adulterants. Metalic contamination. Incidental ashalhts. Nature and effects. Food laws
standards.

Packaging - Introduction, Food Protection, Product Qument, Product Communicatio
Product Convenience, Mass Transfer in Packaging Matetiaf®vations in Food Packagin
Food Packaging and Product Shelf-lfe, Food canrémdriology, fundamentals of food cann
technology. Heat sterilization of canned food, coetain- metal, glass and flexible packagi
Canning procedures for fruits, vegetables, meats, poulimgnenproducts.

Unit - V | 10Hrs

Modern trends in food science - Biotechnology in food-fBrtification, Nutraceuticals. Organid
foods. Low cost nutrient supplements. Packaging of sfamad nutrition labelin. Careers in fod

science and food industries.

Course Outcomes:

After going through this course the student wil besabl

CO1: Understand the importance of food processing

CO2 Apply chemical engineering principles in developing food processing and pteseteahniques
CO3 Analyze food processing techniques for energy efficiency

CO4: Evaluate various methods for food processing and preservation
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Reference Books:
1. B. Srilakshmi, Food ScienceithEdn-New Age Internation2B07 ISBN8122414818

2. N. Shakuntala Manay and M. Shadaksharamurthy Foauss Bnd PrinciplesNew Age
Publishers— 2005 ISBN:9788122422153

3. Rick Parker, Introduction to Food Sciercéhomsan Detme2001 ISBN:0766813150

4. G. Subbulakshmi and Shobha A. Udupi, Food Procgssid Preservation
New Age Internationa200LISBN: 9788122412833

5. Norman N. Potter and Joseph H. Hotchkin, Food ScieAse Publishing Co 1968,1SBN:
9781461372639

Scheme of Continuous I nternal Evaluation (CIE)
CIE wil consist of TWO Tests, TWO Quizzes and ONEigmssent. The test will be for 30 marks

each and the quiz for 10 marks each. The assignmibevor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimi choice from each unit. Each question
will carry 20 marks. Student will have to answer onesgjon from each unit. The total marks for
SEE (Theory) wil be 100 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7] PO8|PO9[ PO10]| PO11
col| L - - - - - =1 - | - - -
COZ | v L - L H M - - |- - -
CO3 | M M M L L M L | - | LC - -
CO4 | H M H H M H M| L | M| L -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
COo1 L - L
CO2 L L L
CO3 M M L
CO4 M H H

BIOMASSCONVERSION SYSTEM S
Course Code | : | 16MCH251 CIE Marks ;| 100
Hrs/Week | LT:P:S 4:0:.0.0 SEE Marks : | 100
Credits |4 SEE Duration | 3Hrs
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Course Learning Objectives (CLO):
Graduates shall be able to
1. Understand energy balances and thermodynamics in biomass conversion
2. Apply principlesof unit operations in biofuel production
3. Analyze the need for biomass energy conversion
4. Evaluatethe performance of biological and chemical conversion methods

Unit — | 09Hrs

Biomass and Bioenergy: Biomass resources; classificatioh characteristics; Generation a
utiization, Properties of biomass, Agriculture Crop aondeBtry residues used as fuels.

Unit — 11 | 11Hrs

Thermo chemical Conversion: Different processes, direct combustiameration, pyrolysis, gasification
and liquefaction

Unit — 111 | 10Hrs

Biological Conversion: Biodegradation and biodegradahiit substrate; Process parameters
biomethanation; chemical kinetics and mathematioadeling of biomethanation proce
Different Types of Biogas Plants; bioconversion of substraitto alcohol: ethanol production.

Unit — IV | 10Hrs

Chemical Conversion: Hydrolysis & hydrogenation; solvexiraction of hydrocarbons;
solvolysis of wood; biodiesel production via chemipedcess; catalytic distillation;
transesterification methods

Unit - V | 10Hrs

Power generation: Utiization of gasifier for electricitgngration; ethanol and biogas; biom
integrated gasification. Sustainable co-firing of biosnagth coal. Biomass productivity: Ener
plantation and power programme. Economical impacts] &ecurity and environmental impag
of biomass conversion to energy- energy from waste.

Course Outcomes:

After going through this course the student wil bes &bl

CO1l:.Understand the principles of various biomass toggrenversion methods
CO2:Apply chemical and biological principles in leinergy conversion

CO3:Analyse biomass conversion system and compahecuantventional energy sources
CO4:Select cost effective biomass conversion system

Reference Books:

1. | James J Winebrake, Alternate Energy: Assessment & rmepliation Reference Boo
Springer January 2007 1SB)881734365

2. | A Demirbas, Biofuels - Securing the Planet's Future Bnédgeds, Edited by Springg
2009ISBN: 9783319405513

3. | Frank Rosilo-Cale, Sarah Hemstock, Peter de Groot amemy Woods, Biomag
Assessment Handbook - Bioenergy for a sustainable emeanat Edited by, Earthsca
November 2006.ISBN9781138019652

Scheme of Continuous Internal Evaluation (CIE)

CIE will consist of TWO Tests, TWO Quizzes and ONEigmgsent. The test will be for 30 marks
each and the quiz for 10 marks each. The assignmitwewior 20 marks. The total marks for CIE
(Theory) will be 100 marks.

33



Department of Chemical Engineering

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimié choice from each unit. Each question
will carry 20 marks. Student wil have to answer omegtion from each unit. The total marks for

SEE (Theory) will be 100 marks.

M. Tech -Chemical Engineering

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1[PO2[PO3] PO4[ PO5] PO6] PO7 [ PO8[ PO9 [ PO10[ PO11
corl| L | - -1-1-1~-1T-71T1-1-7- -
Coz|M | L | - L | -1 -1-1-1-7- .
CO3[M [M [ M | L [L L [M][-1-71- :
COAlM | MM | M| M| M][H]-[L]- :

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
COo1 L -
CO2 L -
CO3 L M
CO4 M M

NOVEL SEPARATION TECHNOLOGY

Course Code

16MCH252

CIE Marks

100

Hrs/Week

LT:P:S

4:0:.0.0

SEE Marks

100
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Credits [:]4 | | SEE Duration | : | 3 Hrs

Course Learning Objectives (CLO):

Graduates shall be able to
1. Understand the need for novel separation techniques
2. Apply various novel separation techniques in procadissiries
3. Analyze the performance of various separation techniques
4. Select appropriate separation technique for specifiacapphs

Unit — | 10Hrs

Fundamentals of Separation Processes, Basic definitibngelevant terms. Separation
Adsorption Techniques, their mechanism, types andcehof adsorbents, normal adsorpt
techniques, Affinity chromatography and immuno chromaiglgy. Types of equipment af
commercial processes, recent advances and proce S$msono

Unit — 1 | 10Hrs

Membrane Separations: Fundamentals and various terms. Clagsific Btesign aspects: various model
and their applicability. Classification, structure and charatiesiof membranes . Types and choice of
membranes, Plate and frame, tubular, spiral wound and hollow filmebraee and their relative merits,
Commercial, pilot plant and laboratory membrane permeators involviggigjaleverse osmosis, Nano
filtration, ultra filtration, Micro filtration and Donnan dialysiEconomics of membrane operations,
Ceramic membranes.

Unit — 111 | 10Hrs

External Field Induced SeparatioExternal field induced membrane separation processes for colloid
particles, Fundamentals of various colloid separations. Derivatpprotile of electric field strength.
Coupling of membrane separation and electrophoresis. Electric and im&glieteparations. Centrifuga
separations

Surfactant Based Separations: Surfactant based separation @sptiegsd membranes- fundamentals
modeling, Micelles enhanced separation processes. Cloud point extrdediodiamentals of surfactants
surfaces and in solutions. Liquid membrane permeation, foam separatioaliar separations.

Unit — IV | 10Hrs

Super Ciritical Fluid Extraction: Physicochemical priigp thermodynamics, process synthg
and energy analysis. Concept, modeling, design aspeadtapplications
Separation by thermal diffusion, electrophoresis and alligation.

Unit -V | 10Hrs

Other separation techniques: Separations involvingphilzation, Pervaporation and permeat]
techniques for solids, liquids and gases. Industraiity and examples, Zone melting, adduct
crystallization.

Course Outcomes:

After going through this course the student will bee &bt

COL1: Understand the fundamentals of separation processes

CO2: Apply chemical engineering principles to explain sapan mechanism
CO3: Analyze various separation techniques based on sepaiattors
CO4: Select appropriate separation process for a speujficadtion

Reference Books:

1. | Kaushik Nath , Membrane separation Processes, PHI Pvt. Ltd.,|I38D8978-81-203-3532-5

2. | King, C.J, Separation Processes, Tata McGraw Hill Publishingl@®., 2013 ISBN 978-04864917

3. | E. J. Hoffman, Membrane Separations Technology: Single-Stagestisigéti and Differential
Permeation , Gulf professional publishing, April 2003 ISBN: 075 0677104

4. | Richard W. Baker, Membrane Technology and applications Second Edition,SA04007
1354409
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Scheme of Continuous I nternal Evaluation (CIE)

CIE will consist of TWO Tests, TWO Quizzes and ONEigmesent. The test will be for 30 marks
each and the quiz for 10 marks each. The assignmibewor 20 marks. The total marks for CIE
(Theory) will be 100 marks.

Scheme of Semester End Examination (SEE)

The question paper wil have FIVE questions withrimié choice from each unit. Each question
will carry 20 marks. Student wil have to answer onesfjon from each unit. The total marks for
SEE (Theory) will be 100 marks.

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11

coi| L - - - - - - - - - -

Co2 | M L : L : : : : - - :
CO3| M | M | M L L C | ™ : - . -
CO4| H M| M| M| M| MM : L - -

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 PSO2 PSO3
COo1 L L -
CO2 M L L
CO3 H M L
CO4 H H H
MINOR PROJECT
Course Code | : | 16MCH26 CIE Marks ;| 100
Hrs/Week | LT:P:S 0:0:10:0 SEE Marks ;| 100
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Credits |:]5 | | SEE Duration | : | 3Hrs

Course Learning Objectives (CLO):

Graduates shall be able to

1) Create interest in innovative development.

2) Apply engineering knowledge to practical problems

3) Inculcate the skills for good presentation and techineaort writing skills.
4) Apply management principles while executing the pitoje

GUIDELINES

1. Each project group wil consist of maximum of two stide

Each student / group has to select a contemporaxy ttogi will use the technical knowledge
their program of study after intensive literature survey.

Allocation of the guides preferably in accordance wigh éxpertise of the faculty.

The number of projects that a faculty can guide woeldntited to four.

The minor project would be performed in-house.

The implementation of the project must be preferably edrout using the resources availg
in the department/college.

N

o g kow

Course Outcomes: After completion of the course the studeriil Wwe able to
CO1: Understand a specific problem and outline the problatesent
CO2: Summarize information gathered through literature survey

CO3: Apply appropriate (computational) tools/ (characterizatibechniques to find feasib

solutions

CO4: Analyze obtained experimental/numericalanalytical uktss and draw effectivg
conclusions

CO5: Design/optimize a process or develop a material/prodadt communicate the solutio
effectively

Scheme of Continuous Internal Examination (CIE)

Evaluation wil be carried out in THREE Phases. Thelation committee wil comprise of FOUR
members: guide, two senior faculty members and HededDepartment.

Phase Activity Weightage
I Synopsis submission, Preliminary seminar for the appraofe 20%
selected topic and Objectives formulation
I Mid-term seminar to review the progress of the work 40%
documentation
11 Oral presentation, demonstration and submission ofgbroggort 40%

**Phasewise rubrics to be prepared by the respective departments

CIE Evaluation shall be done with weightage / distribution as follows:
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e Selection of the topic & formulation of objectives 10%
¢ Design and simulation/ algorithm development/expenial setup 25%
e Conducting experiments / implementation / testing 25%
e Demonstration & Presentation 15%
e Report writing 25%

Scheme for Semester End Evaluation (SEE):

The evaluation will be done by ONE senior faculty frtma department and ONE external faculty
member from Academia / Industry / Research Organizatios. folowing weightages would be
given for the examination. Evaluation wil be donéatches, not exceeding 6 students.

1. Brief writeup about the project 5%

2. Presentation / Demonstration of the project 20%
3. Methodology and Experimental Results & Discussion 25%

4. Report 20%
5. Viva Voce 30%

M apping of Course Outcomes (CO) to Program Outcomes (PO)

PO1] PO2 [ PO3[ PO4 | PO5 [PO6 [ PO7| PO8 [ PO9 [ PO10| PO11
COL| M | M L L - - - L - - -
coz2| L L L H M - - M - - -
CO3| M | M H| M H M | M M H L L
coa| H H M | M M | M| - M - 3 M
CO5| H H H H H H | H H H H H

M apping of Course Outcomes (CO) to Program Specific Outcomes (PSO)

PSO1 | PSO2 | PSO3
CO1 L L H
CO2 M M H
CO3 H M M
CoO4 L L M
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