Shaheed Bhagat Singh State Technical Campus, Ferpze
B. Tech. Chemical Engineering

Scheme of Syllabi
3 Semester

Total contact hours =30

Load Allocated Marks Distribution

Course Internal External | Total Credits

Code Course Name T P | Marks Marks Marks

BTCH-301A | Mechanical 3 40 60 100 4
Operations
Chemical

BTCH-302A | Process 3 1 40 60 100 4
Calculations

BTCH-303A | Fluid Flow 3 1 40 60 100 4
Chemical

BTCH-304A | Engineering 3 1 40 60 100 4
Thermodynamics
Chemical

BTCH-305A | Process 3 -- 40 60 100 3
Industries

BTCH-306A | ChEMical U R 30 20 50 1
Technology lab

BTCH-307A | Fluid Flow — | -] 3 30 20 50 1
Laboratory
Mechanical

BTCH-308A | Operations 3 30 20 50 1
Laboratory

BTCH-309A | Training-I* 60 40 100 2

BTHU-301a | Professional | 1 |, 30 20 50 1
Skills-I
Total 15 4 11 380 420 800 25

* Training-1 (6 weeks Institutional Training during summer vacation after 2° semester)




B. Tech. Chemical Engineering
Scheme of Syllabi
4" Semester

Total contact hours =26

Load Allocated | Marks Distribution

Course Internal External Total Cred

Code Course Name L T P Marks Marks Marks its
Mathematical

BTCH-401A | Methods in 3 1 --- 40 60 100 4
Chemical Engg.

BTCH-402A | Heat Transfer 3 1 40 60 100 4

BTCH-403A | CNer9y 3 | - | - 40 60 100 3
Engineering

BTCH-404A | Strength of 3 | 1| - 40 60 100 4
Materials
Dept. Elective-I

BTCH-411A | Corrosion Engg.

BTCH-412A | Plant Utilities

BTCH-413A Polym_er Sc_ience 3 -- -- 40 60 100 3
& Engineering

BTCH-414A | Enzyme Tech.

BTCH-405A | 1cat Transfer | -] 3 30 20 50 1
Laboratory
Numerical
Methods in

BTCH-406A | Chemical 3 30 20 50 1
Engineering
Laboratory

BTHU-401A | Lrofessional - |- | 2 30 20 50 1
Skills-II
Total 15 3 8 290 360 650 21




B. Tech. Chemical Engineering
Scheme of Syllabi

5" Semester

Total contact hours =25

Load Allocated

Marks Distribution

Total

Course c N Internal External Credits
Code ourse Name T| P Marks Marks Marks
BTCH-501A Industrial Pollution 3 1 40 60 100 4
Control
BTCH-502A CE:ES;"'S"I’" Reaction 5 | 4 | .. 40 60 100 4
BTCH-503A | Mass Transfer-I 1 4C 60 100 4
Dept. Elective-lI
BTCH- 511A | Fluidization Tect
i Project
BTCH-512A Managemer 2 | - | - 40 60 100 2
BTCH-513A | Cngineering
Materials
Open Elective —I 3 - 4C 60 100 3
Chem Reactiol
Engg &
BTCH-504A Environmental -- -- 3 30 20 50 1
Engg Laborator
Chemical Proces
BTCH-505A Plant Desig-l -- -- 3 30 20 50 1
BTCH-506A | Training-II* — | |- 60 40 100 3
BTHU-501A :Tlrofessmnal Skillst B 5 30 20 50 1
14 3 8 35C 400 750 23

** There should be Training-1l of 6 weeks duration inthe summer vacationafter 4" semester




B. Tech. Chemical Engineering
Scheme of Syllabi
6" Semester

Total contact hours =26

Load Allocated Marks Distribution
Course c N Internal External Total Credits
Code ourse Name L T P Marks Marks Marks
BTCH-601A | Mass Transfer-II 3| 1 40 60 100 4
BTCH-6024 | Chemical Reaction 3| 1| - 40 60 100 4
Engg. I
Dept. Elective -l
BTCH-611A Petroleum Refining
Engg
BTCH-612A New & Renewable 3 -- 40 60 100 3
Energy Sources
BTCH-613A | Heat Exchangers
Dept. Elective —IV
Optimization
BTCH-616A Technique 2 . 40 .
BTCH-617A | Biochemical Eng¢ 60 100
BTCH-618A | Transport Phenomena
Open Elective —II 3 -- 4C 60 100 3
Mass Transfe
BTCH-603A Laboraton -- -- 3 30 20 50 1
Process Equipmel
BTCH-604A Desigr -- -- 3 30 20 50 1
BTHU-601A | Professional Skills-1V -- 2 3C 20 50 1
15 3 8 290 360 650 21




B. Tech. Chemical Engineering
Scheme of Syllabi
7" Semester

Total contact hours =29

Course Contact Hours Marks
Credits
Code Name L T |P [Internal | External |Total
Process
BTCH-701A |Instrumentation, 3 1 |--- 40 60 100 4
Dynamics & control
BTCH-7024 |/0CeSS Engineering| 5 1y |1 40 | 60 | 100 4
Economics
Dept. Elective -V
BTCH-711A |Separation Processe$
Petrochemical
BTCH-712A e chnology 3|1 || 40 60 | 100 4
Polymer Reacta
BTCH-713A Desigr
Open Elective -l 3 - | --- 40 60 100 3
Proces:
Instrumentation,
Control Lat
Chemical Proces
BTCH-705A | Projec-I -- - | 8 60 40 100 4
BTCH-706A | Traininc-llI - | -] - 60 40 100 4
12| 3 | 14 34C | 360 700, 25

*+ There should be Industrial Training of 6 weeks duation in the summer vacationafter 6"
semester




B. Tech. Chemical Engineering
Scheme of Syllabi
8" Semester

Total contact hours =23

Course Contact Hours Marks
Credits
Code Name L T |P [Internal |External [Total
BTCH-801A [ /OceSS Modelling &1 5|y 11 49 | 60 | 100 4
simulation
Dept. Elective —VII
BTCH-811A Chemical process
Safety
BTCH-812A [Fuel Cell Technology| 3 1 |- 40 60 100 4
BTCH-813A Environmental Impact
Assessment
Process Simulatio
BTCH-802A Laborator -- -- 3 30 20 100 1
BTCH-803A | Projec-lI - | - |12 60 40 100
6 | 2 |15 17C |180 350 15




Syllabi (3 Semester)
BTCBB1A MECHANICAL OPERATIONS

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Objective: The objective of this course is to develop theansthnding of the students about solids,
their characterization, handling and the variowzesses involving solids. The students are exposed
to basic theory, calculations and machinery invlevarious solid handling operations.

Characterization and Handling of Solids: (8 hs)
Characterization of solid particles: Shape, sipecHic surface, Particle size distribution

Properties of particulate masses: Major distincix@perties, pressures in masses of particleseangl
of internal friction, angle of repose.

Storage and Conveying of bulk solids: Basic ideacafiveyor, conveyor selection, screw, belt,

vibrating, continuous flow and pneumatic conveybigk storage, bin storage, feeders .

Screening: (4 hrs)
Capacity and Effectiveness of a screen, calculaifomverage size of particles in mixture by screen
analysis, types of screens.

Agitation and Mixing: (8 hrs)

Agitation of low viscosity particle suspensionsiaxlow impellers, radial flow impellers, close-
clearance stirrer, unbaffled tanks, baffled tardesic idea for designing agitatoRRower number,
Froude number, power consumption in agitation

Mixing of Solids: Types of mixers, various mixexy fcohesive solids, power requirements, mixing
index, axial mixing.

Mixers for free flowing solids: ribbon blenders,re@ mixers, tumbling mixers import wheels,
mixing index in blending granular solids, mixinglgx at zero time, rate of mixing.

Size Reduction: (6 hrs)
Principles of Comminution: Criteria for comminutiaharacteristics of products, Energy and

Power requirements, Bond'’s, Rittinger's and Kitkler and Work Index.

Size Reduction Equipment: Crushe@inders, and ultrafine grinders cutting machiresgjipment
operation.

Filtration: (8 hrs)
Classification of filters, various types of cak#eifis, principles of cake filtration, clarifyinglters:
liquid clarification, Gas cleaning, principles d¢agfication.

Filtration Equipment and centrifuges and their ctdbe, Cross flow Filtration, micro filtration

Settling: (8 hrs)

Motion of particles through fluids: Terminal velogihindered settling, Stoke’s law,

Gravity settling processe€lassifiers, clarifiers, thickeners, flocculatioate of sedimentation
Centrifugal Settling processes: Cyclones, hydraetomiecanters, tubular, disk and nozzle discharge
centrifugal sludge separators, Centrifugal classr§, principles of centrifugal sedimentation.
Fluidization: (6 hrs)
Fluidization and fluidized bed, conditions foriflization, Ergun equation and Kozeny-Carman equatio
minimum fluidization velocity, types of fluidizatp expansion of fluidized beds and particulate
fluidization, continuous fluidization; industrigpplications.

BOOKS RECOMMENDED:

1. McCabe, Warren L., Smith, Julian C. and Harriot,Uhit Operations of Chemical Enggt.r,1 Ed.,
McGraw Hill, 2005

2. Foust, A.S., Wenzel L.A., Clump C.W. Maus L., Anstam L. B., Principles of Unit Operations,



2V Ed., John Wiley & Sons, 2008.
3. Harker J. H., Richardson, J. F., Backhurst J. Ren@ical Engg. Vol, 2,5 Ed., Butterworth-

Heinemann, 2003.
4. Badger, W.L. and Banchero, J.T, Introduction to @ical Engg., McGrawill
5. Perry R.H., Green D. W., Chemical Engineers’ Hamith&" ed., Mc-Graw Hill, 2008

COURSE OUTCOMES

Students will be able to:-

1. Demonstrate the knowledge of characterization #réqulate solids and its screening.

2. Demonstrate the working principles of size reducaod the relevant equipment.

3. Analyze the processes involving agitation and ngahlow viscosity particle suspensions
and separation methods for solid-liquid and sohld-gnixtures using various filtration
techniques.

4. Analyze the processes involving motion of partidle®ugh fluids though Sedimentation

and Fluidization and the relevant equipment.



BTCH-302A CHEMICAL PROCESS CALCULATIONS

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Objective: The objective of this course is to present to shelents, an introduction to chemical
engineering calculations, establish mathematicathatwlogies for the computation of material
balances, energy balances and to present an owemwieindustrial chemical processes. It is
prerequisite for several other courses in the culwim, including courses in process dynamics, heat
transfer and phase equilibrium.

Introduction to Chemical Engineering Calculations (20 hrs)

Units & Dimensions, Conversion of units, Mole copteBasic Concept, Stoichiometric and

composition relationship, limiting-excess- reactaonversiorand yield, Degrees of Freedom.

Material Balance: (16 hrs)

Without Chemical reaction - Ideal gas-law calculations, real-gas relatiopshivapour pressure of

immiscible liquids, solutions and problems based Raoult's, Henry & Dalton's Law. Absolute

Humidity, Relative Humidity, Saturation, Dry bullerhperature, Wet bulb temperature, Adiabatic

saturation temperature & use of psychometric Chart.

With Chemical Reaction- Combustion, gas-synthesis, acid-alkali production

recycle, purge, bypass in batch, stagewise andncanis operations in systems with or without

chemical reaction.

Energy Balance: (16 hrs)

Review: Thermophysics, Thermochemistry-law of constant Bemmation, Hess's Law, standard heat

of reaction, combustion and formation, problemsgi$iess Law.

Heat balances for non reacting processes and gmaptiocesses. Theoretical flame temperature,

Adiabatic reaction temperature, flame temperattombustion calculation.

Material and energy balances: (6 hrs)

Applied to industrial processes such as combusiwh gasification of fuels, synthesis of ammonia,

production of sulphuric acid, nitric acid, hydroati¢ acid

BOOKS RECOMMENDED:

1. Hougen, P.A. Watson, K.M., Ragatz R.A Chemical Bssd’rinciples Part — I, John Wiley & Sons.

2. Himmelbleau, D. M., Riggs J.B., Basic Principlesl &alculations of Chemical Enggf*,‘ Edition,
Prentice Hall, 2004.

3. Bhatt B.L.Vora, S.M., Stoichiometry, Tata McGrawlHiublishing Co. Ltd., New Delhi.

4. Felder, R. M. & Rousseau, R.W., Elementary Prireg@f Chemical Processe& Bdition, John
Wiley & Sons.

5. Reklaitis G.V., Introduction to Material and Enefgglances, John Wiley & Sons.

6. Lewis W.K., Radasch A.H., Lewis H.C., Industriab8hiometry, McGraw Hill.

COURSE OUTCOMES

Students would be able to:-

1. Demonstrate the knowledge of basic Chemical Emging Calculations involving
units & dimensions, stoichiometry and degree oédiean analysis.

2. Apply material balance on Chemical Engineering psses with & without chemical
reaction.

3. Apply thermophysics and thermochemistry-laws for applgngrgy balance on Chemical
Engineering processes.

4. Comprehend the concept of humidity and usage aflsyetric charts.

5. Demonstrate the knowledge material balance andygfiiance for solving problems
based upon Combustion.



BTCH-303A FLUID FLOW

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Objective: The course introduces the students to the prirgipte fluid mechanics that are of
fundamental importance to chemical engineerslual $tatics and dynamics, boundary layer, laminar
and turbulent flows, fluid machinery etc. It ist@pequisite to Heat Transfer, Mass Transfer | & Il

Introduction (2 hrs)
Concept of fluid, difference between solids, liquiahd gases; ideal and real fluids, Introduction to
fluid statics and fluid flow
Fluid Statics (4hrs)

Normal forces in fluids, Manometers of differenpég, Forces on submerged bodies, Buoyancy and
stability.

Fluid Properties (6 hrs)
Concept of capillarity, vapour pressure, comprelgsiband bulk modulus, Newtonian and non-
Newtonian Fluids, Nature of turbulence, Eddy Vistggs$-low in Boundary Layers.

Basic Equations of Fluid Flow (20 hrs)

Momentum Balance, Continuity equation, BernoulliEquations, Navier Stokes Equations,
Derivation and Application

Dimensional Analysis of Fluid Flow Problems usingyfeigh method and Buckinghammethod,
Dimensionless numbers and their significance

Flow of Incompressible Fluids (10 hrs)
Concept of boundary layer, Laminar and Turbuleowflin pipes, Velocity distribution in pipes,
Frictional Losses in pipes and fittings, effect rolighness, Fanning Equation, Estimation of
Economic Pipe Diameter, Derivation of Hagen Poitsgiequation and f =16/ Re.

Flow of Compressible Fluids (4 hrs)
Compressible flow, basic equation, Mach number igdignificance and isentropic flow through
nozzles

Flow Measurement (6 hrs)

In closed channels - Pitot tube, Orifice meter, venturimeter, Rotaenet

In open channels- Notches, Weirs

Fluid Machinery (6 hrs)
Classification and performance of Pumps, Positigpldcement pumps and its types, Centrifugal
pumps- characteristic curves, Net positive SuctiBlead and cavitation, Turbines,
Compressors, Blowers, Selection and specification.

BOOKS RECOMMENDED:

1. McCabe, Warren L., Smith, Julian C. and Harriot,Uhit Operations of Chemical Enggt.T 7
Ed., McGraw Hill, 2005

2. Backhurst J.R., Harker J.H., Coulson J.F., RiclmrdsM., Chemical Engineering — Volume 1,
6" Ed., Butterworth Heinemann, 1999

3. Foust, A.S., Wenzel L.A., Clump C.W. Maus L., Anstem L. B., Principles of Unit Operations,
2V Ed., John Wiley & Sons, 2008.

4. Raju K.S., Fluid Mechanics, Heat Transfer, and Massisfer: Chemical Engineering Practice,
John Wiley and Sons, 2011

5. Badger, W.L. and Banchero, J.T, Introduction to i@ilwal Engg., McGrawill.

6. Philip J. Pritchard P. J., Fox and McDonald's Idtrction to Fluid Mechanics, 8th Ed., John
Wiley and Sons, 2011

7. Chattopadhyay, P., Unit Operations of Chemical EMyg. 1, 3rd Ed., Khanna Publishers



COURSE OUTCOMES
Students would be able to:-

1.
2.

3.

Knowledge of basic principles of fluid mechanics.

Ability to analyze fluid flow problems with the aligation of the momentum and
energy equations.

Ability to decide when appropriate to use idealflooncepts, continuity equation and
Bernoulli equation.

Understanding and analysis of problems using métabdimensional analysis.
Capability to analyze pipe flows as well as fluidehinery.



BTCH-304A CHEMICAL ENGINEERING THERMODYNAMICS

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Prerequisite: The students should have studied Elements of Mmechla Engineering as a
prerequisite to study this course

Objective: This course covers the application of thermodyamninciples to chemical engineering
problems. The concept of equations of state, plaaskchemical equilibrium with emphasis on
vapor/liquid systems and their applications to s&f@n processes is included.

Brief review: (8 hrs)
Importance of thermodynamics in chemical enginggr8tate functions, types of systems, internal
energy, heat and work reversibéad irreversible processes: law of thermodynamic and its
engineering applications, i.e., constant volumec@sses, constant pressure processes, isothermal
and adiabatic processes, Throttling process, Joubenson coefficient, liquefaction of gasses
Standard heat of reaction, standard heat of foomatistandard heat of combustioftame
temperature, enthalpy for phase change etc.

Review of 2'¢ and 3'? Law of thermodynamics: (10 hrs)
Concept of Entropy and lost work, Microscopic ipi@tation of entropy. Third law of
thermodynamics and its applications, free energytions and their significance in phase and
chemical equilibria. Clapeyron equation and som@dmtant correlations for estimating vapour
pressures. Estimation of thermodynanpropertiesy using graphs and tables.

Equations of state: (7 hrs)
Equation of state for real gases and their mixtufdnciple of corresponding states and
generalized compressibility factor, H-x diagrameathof solution

Phase Equilibria: (16 hrs)
Partial molar properties, partial molar Gibbs fezergy, chemical potential and its dependence on
temperature and pressure. Ideal solutions (LewisdRiaRule).

Fugacity and its calculations. Dependence of fugam temperatures and pressure.

Solution behaviour of real liquids and solids. Aityi and activity coeffiecients. Variation of
activity co- efficient with temperature and compiosi. Activity coefficients of electrolytes.
Standard states. Properties of mixing. Excess piiepe Gibbs-Duhem equation and its
application to vapour- liquid equilibria.

Chemical Equilibria: (7 hrs)
Equilibrium constant in terms of measurable prdpsytvariations of equilibrium constant with
temperature and pressure. Adiabatic reactions. Gipbase rule, equilibria in heterogeneous
reactions. Electrochemical reactions

BOOKS RECOMMENDED:
1. Smith J.M. and Van Ness, H.C, Introduction @hemical Engineering Thermodynamic¥, 7
Ed., McGraw Hill Book Co., 2005
2. Dodge B.F., Chemical Engg. Thermodynamics, McGréiil-Book Company, Inc.
3. Balzhiser R., Samuels M., Eliassen J., Chemicalirtegging Thermodynamics, Prentice Hall,
1972

COURSE OUTCOMES:
The students will be able to:
1. Apply the laws of thermodynamics to chemical engrireg processes.
2. Apply thermodynamic principles for analysis of da@us, ideal solutions, their excess
properties and residual properties.



»

Apply thermodynamic principles for different typeschemical engineering systems
like Vapor/Liquid systems, Liquid/ Liquid systemsdaSolid/Liquid systems.
Analyze chemical reactions in relation to thermaawic principles.

Apply Phase Equilibria and Chemical Equilibria smiution to problems involving
more than one phase and chemical reactions.



BTCH-305A CHEMICAL PROCESS INDUSTRIES

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
0 0

Objective: The main aim of this course is to acquaint the estt&l with various broad categories of
chemicals, their properties, usage and varioustgdogies available for manufacture. The concept of
flow diagrams and requirement of engineering matefor these technologies is included.

Oils and Fats: (4 hrs)

Status and scope, major oil seeds production inajnsolvent extraction, energy and solvent
requirements, hydrogenation of oils, Corrosion f@ots and materials of construction.

Soaps and Detergents (5 hrs)

History and growth, raw material, manufacturing aétergents, biodegradability, Fat-splitting,
purification of fatty acids, soap manufacture, giyoe manufacture, materials of construction.
Sugar. (4 hrs)
Manufacturing equipment and technology, cane sugdming, baggase utilization, energy
requirements and conservation, environmental ceraiitns.

Pulp and Paper: (4 hrs)

Growth of industry, raw materials, pre-treatmentippng, manufacture of paper, recovery of
chemicals.

Acids: (3 hrs)
Manufacture and uses of Phosphoric acid, hydreichlacid, nitric acid, sulphuric acid, major
engineering problems.

Fertilizers: (4 hrs)
Synthesis: naphtha, natural gas and ammonia bas#é#izérs, manufacture of phosphatic fertilizers
and potash fertilizers, N-P-K values. Corrosionglems and materials of construction.

Soda Ash: (4 hrs)
Manufacturing processes- Solvay and modified Solyagcess, environmental considerations,
corrosion problems and material of construction.

Chlor Alkali : (4 hrs)
Electrochemistry of brine electrolysis, curreni@éincy, energy efficiency, diaphragm cells, meycur
cells, mercury pollution and control, caustic sodhlorine, corrosion problems and materials of
construction.

Glass and Cement: (4 hrs)

Types and properties of cement, Method of prodoctid Portland Cement, major engineering
problems.

Types and properties of glass, Manufacturing prooafs glass, Applications, major engineering
problems.

BOOKS RECOMMENDED:

1. Austin G., Shreve's Chemical Process Industri&db, Tata McGraw Hill, 1990

2. Rao M.G., Sittig M, Dryden’s Outlines of Chemicachnology- for 2% Century, 8 Ed.,
Affiliated East West Press Pvt. Ltd., 2008

3. Pandey, G.N., Chemical Technology Volume-I an&ikas Publication, 2010

4. Moulijn J.A., Makkee M., Diepen A., Chemical Prosdschnology, John Wiley, 2001

COURSE OUTCOMES:

Students will be able to:-
1. Demonstrate the knowledge of various Chemical Itréhssand their status in India.
2. Demonstrate knowledge about process flow sheeamdws organic and inorganic industries.
3. Demonstrate knowledge about history, current issares trends in process industries.



Demonstrate knowledge about MOC being used, erviemh and safety precautions in
design and operations.
Demonstrate knowledge about chemical and physicalegses involved including

equipments and various alternative technologiesgoesed in industries



BTCH-306A CHEMICAL TECHNOLOGY LABORATORY

External Marks: 20
Internal Marks: 30
Total Marks: 50

onr
o —
wU

LIST OF EXPERIMENTS
PART A

To perform proximate analysis of a given sample.

Determination of HCV and LCV of a given fuel by borcalorimeter.

To determine the acid value of an oil/fat.

To determine the saponification value of an oil/fat

To determine the iodine value of an oil/fat.

To estimate the given reducing/non-reducing sugar.

To determine the sediment in Crude Petroleum armdi ¢ils .

To determine the viscosity of a given sample lywRtup/Ostwald viscometer.
ART B

Preparation of an addition /condensation polymer.

Preparation of polymer product using injection nalirugj.

Preparation of compounded polymer sample using oanill.

Preparation of polymer product using compressionldiog

Determination of performance of a given polymer genunder tensile loading like stress-
strain curve, modulus of elasticity.

To find the cement composition in a given mortangk.

To prepare soap by Hot and Cold process by musthard

ORrONPTONOORWNE

No

At least five experiments should be conducted feach part.

COURSE OUTCOMES:

At the end of the course the student will be able t

1. Determine the characteristic values of oil/fat sksp
2. Characterize solid fuels.

3. Prepare thermoset polymers and process polymerg asmpression moulding, Injection

moulding and two roll mill.
4. Determine mechanical properties of polymers.
5. Present results in form of written reports.



BTCH-307A FLUID FLOW LABORATORY

External Marks: 20 L
Internal Marks: 30 0
Total Marks: 50

LIST OF EXPERIMENTS

1. Plot the characteristic curves of a centrifugal pum

2. Verification of Bernoulli’'s equation for flow pross.

3. Measurement of flow by a venturimeter

4. Measurement of flow by an orifice meter.

5. Measurement of flow by a rotameter

6. Measurement of flow by a V-notch in an open channel

7. Measurement of losses in various fitting and valves

8. Measurement of losses due to contraction and ekpans

9. Measurement of losses due to variation in crossosgshapes.
10.Verification of laminar/ turbulent flow regime inflow process.

COURSE OUTCOMES:

At the end of the course the student will able to:

1. Demonstrate the working of a centrifugal pump.

2. Demonstrate practical understanding of Bernoudlgsiation

3. Determine coefficient of discharge of fluids by Wemmeter, Orifice meter and V-notch
etc

4. Demonstrate practical understanding of frictiorskssdue to various fitting and valves,
contraction and expansion or due to variation ossrsection/ shapes.

5. Present results in form of written reports.



BTCH-308A MECHANICAL OPERATIONS LABORATORY

External Marks: 20
Internal Marks: 30
Total Marks: 50

onr
o —
wU

LIST OF EXPERIMENTS

Verification of Stokes Law.

Screen analysis of given sample for it's particke slistribution.
Determination of average size (different averafresh screen analysis.
Determination of variation in pressure drop & beght With respect to superficial velocity for
a bed of solids.

Determination of minimum fluidization velocity farbed of solids.

Operating characteristics of crushing and grindiggipments (Jaw crusher, Roll crusher, Ball
mill).

7. Evaluation of the filtration constants for Cag8urry in water and cake compressibility.

8. Determination of %age recovery of coal in frothnfrooal and sand mixture.

9. Determination of thickener capacity using batchreedtation.

10 Determination of characteristics of centrifuge didter.

11 Determination of the separation efficiency of tlyelene separator.

pPwNE

o a

COURSE OUTCOMES:

Students would be able to:-

1. Demonstrate the concept of fluidization.

2. Determine the operating characteristics of angshnd grinding equipments

3. Apply various principles of the filtration andayze working of filtration equipments.
4. Calculate efficiency of various separating emepts.

5. Present results in form of written reports.






BTHU — 301A PROFESSIONAL SKILLS - |

External Marks: 20 L
Internal Marks: 30 0
Total Marks: 50

TP
02

Personality Development General overview of Personality, Understandimdf £oncept
and Self Esteem, Building Self Esteem, Self Comitde Assertiveness (Activity based
training) Understanding assessment of Personality.

Mental Abilities : Understanding Intelligence, emotional intelligensuccessful intelligence,
Development of emotional intelligence.

Social Etiquettes and Personal Groomingimportance of social image, Dos and Don’ts in
dressing up, Developing an Understanding of Sdgligjuettes.

Communication Skills: Features of an effective Communication. Verbal &on-verbal
Communication, Understanding role of body languageffective communication.

Recommended Books:
Personality Development by Harold Wallace and L.AMuasters, Cengage Learning

Psychology By Baron

Educational Psychology by Anita Woolfolk, Pearson.

Organizational Behaviour by Stephen Robbins, Pedtstucation.

Organizational Behaviour by J. W. Newstrom and tkiK&avis, Tata McGraw Hills
Nonverbal Communication

ogakwhE

~

Effective Technical Communication by M. Ashraf RizVata McGraw Hill.

Course Outcomes:

CO No. | After undergoing this course, students rbasible to:

1 Acquire the understanding of the multifacetedeatpof Personality, their
significance and assessment
2 Understand the different aspects of intelligesuoe their relative relevance in

effective utilization of one’s abilities in divefigd situations.

Recognize the significance of social image andgreal grooming.

3
4 Develop a knack for effective communication bgerstanding its both verbal
and non-verbal aspects.

5 Demonstrate various acquired professional skills a sense of confidence




(4™ Semester)
BTCH-401A Mathematical Methods of Chemical Engg.

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Objective: This course is aimed at providing the students Withwledge about the numerical
solutions to various mathematical expressionstttegt may come across in Chemical Engg. Practice,
those are not easily solvable by conventional teglas. These techniques are very useful for the
students for experimental data analysis, integnadiad differentiation of involved functions, sobris

of certain implicit equations.

Linear Algebraic Equations: (6 hrs)
Cramer'srule, Gauss Elimination and LU Decompasijtidauss-Jordan elimination, Gauss-Seidel and
Relaxation Methods.

NonLinear Algebraic Equations: (9 hrs)

Single variable successive substitutions (FixeaPdiethod), Multivariable successive substitutions,
single variable Newton-Raphson Technique, Multaiale Newton-Raphson Technique.

Eigen values and Eigen vectors of Matrices: (4 hrs)
Fadeev Leverrier's Method, Power Method.
Function Evaluation: (13 hrs)

Least squares curve-fit (Linear Regression),Newtmérpolation formulae (equal intervals),
Newton's Divided Difference Interpolation Polynoiiaagrangian Interpolation Unequal intervals.
Extrapolation Technigue of Richardson and Gaunt.

Numerical Differentiation, Numerical Integration Quadratures (Trapezoidal, Simpson's1/3and3/8
rules),

Ordinary Differential Equations (ODE-IVPs) and partial differential Equations: (8 hrs)

The Finite difference Technique, Runge-Kutta method

Laplace Transforms: (8 hrs)
Laplace transforms of various standard functionsperties of Laplace transforms, inverse Laplace
transforms, transform of derivatives and integriaéglace transform of unit step function, impulse
function, periodic functions, applications to sadatof ordinary linear differential equations with
constant coefficients, and simultaneous differ¢eiimations. .

BOOKS RECOMMENDED:
Text Books:

1. Gupta S.K., Numerical Methodsfor Engineen’g,ad., New Age International Publishers, 2009
2. Grewal B.S., Higher engineering mathematicé,&d., Khanna Publishers, 2014.

Reference Books

3. Jain M.K., lyengar SRKand Jain R.K., Numerical MethkforScientific
andEngineeringComputation, NewAgelnternational.

4. Finlayson, B.A. Nonlinear Analysis in Chemical Emggering, MCGrawHill, NewYork,1980.

5. Villadsen J., and Michelsen, M.L. Solution of [@iféntial Equation Models by Polynomial
Approximation,PrenticeHall,N.J.,1978.

6. Rice R.G., Do DuongD.,Applied Mathematics and Mbdglfor Chemical Engineers, John

Wiley & Sons, Inc, 1995.

Sastry S.S., Introductory Methods of Numerical Asi, 4" Ed., PHI.

Kreyszig, E., Advanced Engineering Mathematicshiigdition, John Wiley, New Delhi.

© N



COURSE OUTCOMES
Upon successful completion of this course, theestudiill be able to:

1.

2.

3.

Apply numerical methods to obtain solutions of inand non-linear algebraic
equation.

Derive and apply numerical methods for various mathtical operations and tasks,
such as interpolation, differentiation and inteignat

Evaluateeigen values and eigen vectors of matriged demonstrate understanding and
implementation of numerical solution algorithms kgagbto ODE-IVPs and PDEs.
Apply Laplace Transform technique to the solutidtireear ODEs and simultaneous
ODEs.



BTCH-402A HEAT TRANSFER

External Marks: 60 LT P
Internal Marks: 40 310
Total Marks: 100

Objective: The objective of the course is to introduce talstus heat transfer mechanisms in solids
and fluids and their chemical process applicatigktsthe conclusion of the course, the student
should possess the ability to model steady anceadgtheat transfer in simple systems and design
heat exchangers. It requires use of thermodynaandsfluid mechanics and sets the basis for the
design of reactors and separation processes.

Modes of Heat Transfer:

Conduction (8 hrs)
Fourier's law, one dimensional heat conductionughoplane and composite structures having plane
wall, spherical & cylindrical geometry. Steady sthieat flow with heat source through plane wall
and cylindrical surface. Thermal conductivity of tewdals. Insulating materials and critical
thickness of insulation.

Unsteady-state conduction; Lumped heat capacitiesyssemi-infinite solid and Heisler chart.
Convection (10 hrs)

Free and forced convection, Concept of thermal daonlayer, concept of overall heat transfer
coefficient for laminar and turbulent flow, Heaanssfer inside & outside tubes with significance of
Nusself Prandtl, Reynolds, Biot, Fourier and Peclet nusibe

Modelling of convective heat transfer coefficieny lising dimensional analysis for natural
convection.

Radiation (6 hrs)
Distribution of radiant energy, Definitiorof emissivity, absorptivity, Reflectivity €n
transmissivity, concept of Black and Grey bodietanEk’s law of monochromatic radiation,
Kirchhoff's law, Wien's displacement law, StefBoltzmann law, definition of intensity of
radiation. Radiation formula for radiation exchamgéween simple bodies, two parallel surfaces
and between any source and receiver, radiatiofdshie

Condensation and Boiling Heat Transfer: (6 hrp
Dropwise and Filmwise condensation of pure and thixapours, Convective, Nucleate & Film
boiling, Theory and correlations, critical boilifigx

Heat exchangers: (20 hrs)

Heat exchangers - double pipe heat exchanger, -&h@ilTube heat exchangers, plate type heat
exchanger, concept and calculation of log mean ¢eatpre difference, temperature correction factor
for shell & tube exchangers, fouling factors, olldnaat transfer coefficient

Theory of Fins and their applications

Reboiler and Condensers, counter current dry cor@andenser, parallel current- wet contact
Condenser.

Evaporators (8 hrs)

Various types of evaporators- Standard verticaé tatdaporator, basket type vertical evaporator,
forced circulation evaporator and horizontal tubeperators.

Single effect evaporators and multi-effect evaposa&nd its various types of feed arrangements,
boiling point elevation, capacity and economy ddijgarators. Evaporation under vacuum.

BOOKS RECOMMENDED:

1. Holman, J.P., Heat Transfer,"1Bd., McGraw Hill, 2010.

2. McAdams W.H., Heat Transmissior® Bd., Kreiger Publishing Co, 1985

3. Backhurst J.R., Harker J.H., Coulson J.F., RiclmxdsM., Chemical Engineering — Volume 1,
6" Ed., Butterworth Heinemann, 1999



4. McCabe, Warren L., Smith, Julian C. and Harriot,Uhit Operations of Chemical Engg"! 7
Ed., McGraw Hill, 2005

5. Kern D.Q., Process Heat TransfdcGraw Hill.

6. Kreith F., Manglik R.M., Bohn M.S., Principles okt Transfer, "7Ed., Brooks Cole Thomson
Learning Publication, 2010

7. Incopera F.P., DeWitt D.P., Bergman T.L., Lavin&AFundamentals of Heat and Mass
Transfer, # Ed., John Wiley, 2011

COURSE OUTCOMES

Upon successful completion of this course, theestudiill be able to:

1. Demonstrate the basic laws of heat transfer.

2. Solve problems involving steady and unsteady $taat conduction in simple geometries
with and without heat generation.

3. Evaluate the heat transfer in natural and foomection.

4. Solve and analyse simple radiation heat traqstdylems, condensation and boiling.

5. Perform the analysis of heat transfer processedved in evaporation and heat
exchangers



BTCH-403A ENERGY ENGINEERING

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
00

Objective: The objective of this course is to teach the sitglabout the various options
available to meet the ever growing demand of enesgthe industry. It includes both the
conventional and non-conventional energy sources.

Introduction: (2 hrs)
Energy crisis in the world and position in India

Conventional Sources of Energy:

Solid Fuels: (6 hrs)
Composition and classification of coals, analysid aroperties of coal, characteristics and
distribution of Indian coals, coal carbonizationghetting, gasification and liquefaction of
solid fuels.

Liquid Fuels: (8 hrs)
Petroleum and Related Products:

Introduction: Origin, occurrence and reserves, mese Production and consumption,
classification and characteristics of Petroleumpproes and characteristics, petroleum
refining in India.

Petroleum Products - Naphtha, motor gasoline, iaviagasoline, kerosene, diesel oil, gas
oils, fuel oils, lubricants, petroleum waxes, Pletnon coke.

GaseousFuels: (6hrs)
producer, water carburettor, water, coal, blashdae and refinery gases, gases from
biomass, LPG, CNG.

Combustion Process and Appliances: (6 hrs)

Nature and types of combustion processes, mechafisambustion reaction, spontaneous
ignition temperature, gasnd oil burners, coal burning equipments, fluidizeddbe
combustion.

Non- Conventional Sources of Energy: (8 hrs)
Nuclear energy: - Nuclear reactions, fuel materiat®derators and structural materials,
reactors Energy by bio-processes-bio-gas, SolarggnePhotovoltaic cells, solar collectors,
wind Energy and biofuels.

BOOKS RECOMMENDED:

Text Books:

1. Sarkar Samir, Fuels and Combustiolf, Bt., Orient Longman, 2003.

2. Gupta O.P., Elements of Fuels, Furnaces and Refrast Khanna Publications, 1997.
Reference Books:

3. Wilson, P.J., Wells, G.H., Coal, Coke and Coal Cicaim, McGraw Hill, 1950.
4. Griswold, J. Fuels, Combustion and Furnaces, McGtdlv2006.
5. Francis, W., Peters M.C., Fuels and Fuel Technolaggummarized Manual"2Ed.,

Pergamon Press, 1980.



COURSE OUTCOMES
Students are able to:-

1.

2.

3.

Demonstrate the knowledge of various conventionalidsfossil fuels energy
resources and their effective utilization.

Demonstrate the knowledge of naturally occurringgd®eum and its products upon
refining and their commercial applications.

Demonstrate the knowledge of various naturally oteg and synthesized gaseous
fuels and efficient utilization.

Demonstrate the knowledge of various types of tigamd gaseous fuel burners and
applying combustion principles for solution of pkeias based upon combustion.
Demonstrate the knowledge of energy demand, ereigg and identify available

nonconventional (renewable) energy resources ahigues to utilize them
effectively.



BTCH-404A STRENGTH OF MATERIALS

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Objective: This course is aimed at giving an insight to staslebout the behaviour of materials
under external forces. The concept of stress,nstedasticity etc. as applied to various structural
members under loading are included.

Simple Stresses & Strains: (8 hrs)

Simple stresses and strains : Concept of stresstaaith; St. Vernants principle, stress and strain
diagram, Hooke’s law, Young’'s modulus, Poissonotadiress at a point, stress and strains in bars
subjected to axial loading. Modulus of elasticgiress produced in compound bars subject to axial
loading .Temperature, stress and strain calculatthre to applications of axial loads and variation
of temperature in single and compound bars

Theory of Bending: (8 hrs)
Compound stress and strains, the two dimensiorsesy stress at a point on a plane, principal
stresses and principal planes; Mohr's circle obsstr ellipse of stress and their applications.
Generalized Hook's Law, principal stresses reltoegrincipal strains

Slopes and Deflections of Beams: (6 hrs)

Slopes and deflections in beams and cantilevelsylesion of slopes and deflections using double
integration moment area theorems and Macullay'soaet

Theories of failure: (6 hrs)

Strain energy, various theories of failure, the&icessity and significance, graphical representation
theories of failure.

Torsion of shafts and springs: (6 hrs)
Torque, angle of twist and shear stresses inWalaod solid shafts with in elastic limit, assumpto
intrusion, power transmitted by a shafts, analgsidose coil

spring subjected to axial load couple. Shafts suéfkto torsion.

Thin Cylinders/ spheres: (7 hrs)

Thin cylinders subjected to internal pressure,urnierential and longitudinal stress and strains,
maximum shear stress, increase in diameter andnelihin spheres subjected to internal pressure.
Columns: (7 hrs)
Columns under uniaxial loads, buckling of columienderness ratio, and conditions. Derivations of
Euler's formula for elastic-buckling load, equivaléength, Rankine-Garden empirical formula.

BOOKS RECOMMENDED:

1. Timoshenko, S., Strength of Materials Vol-I: Elerraey Theory and Problems®3Edition,
CBS Publishers, 2002

2. Vazirani V.N. & Ratwani, Analysis of Structures, Vb 17" Ed., Khanna Publishers

3. Bansal, R.K., Strength of Material€! Bd., Luxmi Publishers, 2010.

4. Popov E. P., Engineering Mechanics of Solids, 2dd Erentice Hall, 1999

COURSE OUTCOMES:

After studying this course, the students mustide to:

1.Understand the concept of stress and strain @it and stress analysis in various
machine elements like thin cylinder, sphere, sprreams etc.

2.Analyze and design structural members subjectéension, compression, torsion, bending
and combined stresses using the fundamental canogptress, strain and elastic behavior of
materials.

3.Tackle the problems related to shearing Forceding moment, slope and deflections in
different types of beams subjected to various tygdsadings.



4.Apply the knowledge of various theories of fa#lsirto design the various structural
components subjected to different types of loadings

5.Understand the concept of buckling of slenderg lcolumns subjected to axial loads and
be able to solve problems related to columns amisst



External Marks: 20
Internal Marks: 30

BTCH-405A HEAT TRANSFER LABORATORY

onr
o —
wU

Total Marks: 50

LIST OF EXPERIMENTS

wh P
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10.

Determination of heat transfer coefficient for diént types of heat transfer equipments.
Wilson Plots for unsteady state heat transferckgéed vessels.

Developing correlation of instantaneous heat temgfoefficients with time for steady
deposition of scale on a heating surface.

Determination of heat losses from insulated pipes.

Performance characteristics of a shell and tubé éezhanger and an induced draft cooling
tower.

Study and operation of long tube forced circulatow multiple effect evaporators.

Duhring’s plot for solutions involving non-volatikolutes.

To find the heat transfer coefficient of heass from a vertical cylinder by natural
convection.

To find heat transfer coefficient for parallel floand counter flow for double pipe heat
exchanger.

To find heat transfer coefficient for heat lossfogced convection to air flowing through it for
different air flow rates & heat flow rates.

COURSE OUTCOMES

Students will be able to develop the following funderstanding upon the successful

completion of this course:

1. Measure heat transfer coefficients of different ouon materials and different flow
geometries like shell & tube and double pipe h&ahangers.

gk wN

. Measure the heat losses and effect of insulatiomglthe heat transfer.
. Perform the operation of open pan/single effectiraifect evaporators.
. Measure radiative heat transfer, condensation aiithdp heat transfer.

. To present their results in written form of report.



BTCH-406A NUMERICAL METHODS IN CHEMICAL ENGINERING LABORATORY

External Marks: 20 L
Internal Marks: 30 0
Total Marks: 50

TP
0 3

Solution of a system of linear equations in unknswy Gaussian elimination.
Gauss-Seidel iterative method to solve a lineaesy®f equations.

To find the inverse of matrix by Gauss-Jordan metho

Application of Faddeev-Leverrier's method.

Method for finding dominant Eigen value and cormsting Eigen vectors by power method.
Solution of nonlinear equation by Newton Raphsothimz

Application of Newton's formulae for interpolation.

Application of Lagrange polynomial interpolatiorriiaula.

Application of Newton's formula for numerical difémtiation.

10. Numerical integration by Trapezoidal rule.

11. Numerical integration by Simpson's rules.

12. Solution of an O.D.E. by Runge Kutta Methods.

13. Application of finite difference technique.

CoNorwWNE

COURSE OUTCOMES

Students would be able to:-
1.Develop a logic for solving linear and non-linelyedoraic equations.
2.Develop a logic for numerical integration and diéetiation.
3.Develop a logic to calculate eigen values of a maind interpolation of data.
4.Convert the logic into codes of computation andeal given problem.
5. Present results in form of written reports



BTCH-413A POLYMER SCIENCE & ENGINEERING

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
00

Objective: The course will provide an overview of Polymdmssusing on the various types
of polymers, polymerization processes, their progemrnd characterization.

Introduction to Polymers: (6 hrs)
Classification of polymers, polymerization procdssetics of step growth and chain growth
polymerization, polymerization techniques: Bulk, Il#i@n, Suspension and Emulsion
Polymerisation.

Molecular weight & Size of Polymers (6 hrs)
Number average and weight average molecular wegiphificance of molecular weight,
determination of molecular weight, viscosity metha$motic pressure, light scattering
method, gel permeation chromatography method.

Polymer properties & their testing: (6 hrs)

Glass transition temperature and associated prepeiensile strength & impact strength
and their determination, softening point, heatatigin dielectric and power factor.

Synthesis & Properties of Commercial Polymers (6 hrs)
Manufacture, processing and properties of resinisfilne forming polymers such as phenol
formaldehyde, LDPE, HDPE, polypropylene, polyvimylloride, polystyrene, polyurethane
and polyamides.

Introduction to Rubber & Elastomers (6 hrs)
Natural & synthetic rubber, Buna S, Buna N, Butylver, neoprene, thiokols, polyurethane,
Fillers, accelerators, activators, antioxidantstBeo additives.

Polymer Degradation (6 hrs)
Thermal, Mechanical and by ultrasonic waves, phi¢gradation, heat energy radiation,
oxidation and hydrolysis.

BOOKS RECOMMENDED:

1. Gowariker V.L., Viswanathan N.V. and Sreedhar Polymer Science *Ed., New Age
International

Ghosh P., Polymer Science & Technology of Plagi&ubber, ¥ edition, Tata McGraw
Hill New Delhi, 2010

Billmeyer F.W., Text Book of Polymer Sciencé &dition, John Wiley,

Sinha R., Outlines of Polymer Technology - Manufagetof Polymers, PHI

Kumar A., Gupta R.K., Fundamentals of PolymersQ@viwv Hill, 1998.

Kumar A., Gupta R.K. , Fundamentals of Polymer Soéeand Engineering, Tata
McGraw Hill New Delhi, 1978.

N
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COURSE OUTCOMES
Upon successful completion of this course, theastudiill be able to:
1. Demonstrate the knowledge of various types of Pelgnrubbers and elastomers,
their characteristics and synthesis



. Comprehend the concept of polymerization methodssaimucture- property
relationships of polymers.

. Differentiate various processing & manufacturinght@iques of polymers and their
testing.

. Demonstrate the knowledge of polymer degradation



BTHU — 401A PROFESSIONAL SKILLS - I

External
Marks: 20 L TP
Internal Marks: 30 0O 0 3

Total Marks: 50

Inter-personal Skills: Introduction to Interpersonal Relations, Trangaal analysis,
Understanding Emotions, Emotional empathy and 8eitgiTraining.

Mental Abilities : Numerical Ability, Inductive Reasoning and DeduetReasoning.

Stress Management Introduction to Stress, Causes of Stress, ImpmdciStress, and
Managing Stress, Coping strategies (Individual Gnolup).

Communication Skills: Public speaking, Impromptu, Introducing Yourseifd Telephone

Etiquettes.

Recommended Books:
1. Stress, Appraisal, and Coping by Richard S. LazangsSusan Folkman by Springer

Publishing Company.

2. Emotion in Social Relations: Cultural, Group antkipersonal Processes by Brian
Parkinson; Agneta H. Fisher; Antony S. R. Mansteagchology Press.

3. Social Psychology by Robert Baron and Donn Irwimdsy .

4. Handbook of Practical Communication Skills by CsiesWright, Jaico Publications,
Mumbai.

5. Effective Technical Communication by M. Ashraf RizVata McGraw Hill.

6. Communication Skills for Engineers: Sunita MishredaC. Muralikrishna, Pearson
Education, New Delhi.

Course Outcomes

)

CO No. After undergoing this course, students rbesable to:
1 Understand varied aspects of interpersonal ioalsiand develop ability for creating
harmonious relations.
2 Sharpen and demonstrate Numerical Ability andsBeiag Abilities.
3 Apply stress management techniques after gbirmygh the knowledge of Stress ang
its coping strategies.
4 Develop and Demonstrate Speaking skills in varicantexts such as Public speaking,

Impromptu, Introducing Oneself and Telephonic casaton.




(5" Semester)
BTCH-501A INDUSTRIAL POLLUTION CONTROL

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Prerequisite: The students should have studied Mechanical Opasatais a prerequisite to
study this course

Objective: The course aims at giving the students an insigbt the environmental issues
related to chemical process industries in termthef impact on land, water and air and the
possible mitigation techniques to reduce this éfiecsustainable processing.

Introduction: (12 hrs)
Ambient air and water standards, principle souafgsollution, Inter relationship between
energy and environmental pollution, Prevention ofvienmental pollution through
conservation.

Air Pollution: (12 hrs)
Principal air pollutants and their usual sourcef$edts of air pollution on human health,
animals and vegetation and materials, Atmospherigpedsion of air pollutants,
Temperature inversions.

Ambient air sampling, dust fall jar and high volusampler, stack sampling

Air pollution control techniques—

Process and equipment's used for the control céayaspollutants- equipment efficiency,
gravity settler, cyclone separator, fabric filtde$gctrostatic precipitators, scrubbers.
Water Pollution: (16 hrs)
Types of water pollutants, their sources and e$teBIOD and COD, BOE) oxygen sag
curve, waste water sampling- grab and compositgkam

Waste water treatment:

Primary Treatment through settling techniques aqapenents like flocculation, skimming,
flotation.

Secondary Treatment: aerobic and anaerobic digestictivated sludge process, trickle
filter and oxidation ponds.

Solid Waste: (8 hrs)
Control and disposal, sanitary landfill, incineoatj pyrolysis gasification and recycling.

BOOKS RECOMMENDED:
1. Perkins H. C., Air Pollution, McGraw Hill, N.Y., 79
2. Liptak B.G., Liu D. H. F., Environmental Engine¢tandbook, ¥ Ed., CRC
Press, 1999
3.  Willisamson S.J., Fundamentals of Air Pollutionddgbn Wesley Co.
N.Y.,1973
4. Nemerow N.L., Liquid Wastes of Industry: TheoryaBtices and Treatment,
Addison Wesley Co. N.Y., 1971
5. Rao C.S., Environmental Pollution Control EnginegriZ"® Edition, New Age
International Pvt. Ltd., 2006
6. Metcalf and Eddy, Waste-Water Engineerinj &ition, Tata McGraw Hill, 2007.
7. Mahajan S. P., Pollution Control in Process IndestfTata McGraw Hill,
2008.
8. Sincero, A.P., Sincero, G.A., Environmental Engiimeg Prentice-Hall of



India, 1999.
COURSE OUTCOMES
Students would be able to:-
1. Demonstrate the knowledge of the different typewadtes generated in industry,
their standards, classification and their effects.
2. Characterize various waste water samples.
3. Differentiate various unit operation and unit preges involved in conversion of
highly polluted water to potable standards.
4. Describe the atmospheric dispersion of air paofitgaand perform process design
calculations of air pollution control devices.
5. Analyze and quantify hazardous and non hazarddigswsaste treatment and
disposal.



BTCH-502A CHEMICAL REACTION ENGINEERING-I

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Objective: This course teaches the principles of reactionneging and reactor design for

homogeneous reactions. It is one of the core stshjeche chemical engineering curriculum.

The course integrates fluid mechanics and heatsfiearto the design and analysis of
isothermal, non-isothermal, ideal and non-ideatt@a. Students learn the application of
stoichiometry and rate law to design a chemicattmahat produces the desired conversion
of reactants.

Introduction: (8 hrs)
Introduction & Importance of Chemical Reaction HEregring, Kinetics of homogeneous
reactions, Concepts of reaction rates, rate equatate constant, order & molecularity,
Mechanism for Elementary & Non-elementary reaction.

Design for Single Reactions: (16 hrs)
Material balance equation for ideal batch reactod ats use for kinetic interpretation of
data and isothermal reactor design for simple & glemrate equation.

Performance equations for CSTR and PFR and theifanskinetic interpretation and design
Comparison of batch reactor, CSTR & PFR, Recydeta, concept of yield & selectivity
Reactor combinations of CSTR and PFR

Design for Multiple Reactions: (8 hrs)
Quantitative treatment of Series & parallel multiptaction in a batch reactor, CSTR & PFR,
Concept of Product distribution for multiple reacts.

Temperature & Pressure effects: (6 hrs)
Concept of adiabatic & non-isothermal operationgergy balance equation for Batch, CSTR
& PFR and their application to design of reactoggjmal temperature progression, multiple
steady states in CSTR.

Non —Ideality: (10 hrs)
Basics of non-ideal flow, residence time distrilotj States of segregation
Measurement and application of RTD, E-Age distitnufunction & F-curve and inter-
relationship between them, Conversion in non-ideattors.

BOOKS RECOMMENDED:

1. Levenspiel O., Chemical Reaction Engineerif§E8l., John Willey, 2004.

2. Smith J.M., Chemical Engineering Kinetic&! Bd., McGraw Hill, 1981.

3. Peacock D.G., Richardson J.F., Chemical Engineeriviglume 3, &' Ed., Butterworth
Heinemann, 1994

4. Walas S.M., Reaction Kinetics for Chemical Engf$E8!., McGraw Hill Book Co, Inc.

5. Denbigh K.G. , Turner J.C.R., Chemical Reactor Thie@n Introduction, 8 Ed.,
Cambridge Univ. Press London, 1984.

6. Fogler H. S., Elements of Chemical Reaction Enginge4th Ed., Prentice Hall, 2006.

COURSE OUTCOMES

At the end of the course the student will be able t

1. Demonstrate the basic concepts of chemical reaEinggy and develop rate laws for
homogeneous reactions



. Perform design calculations of ideal reactorssfagle and complex reactions for
isothermal and non-isothermal reactors.

. Compare the relative performance of different teac

. Distinguish between various RTD curves and pretietconversion from a non ideal
reactor using tracer information.

. Determine optimal reactor configurations and opegapolicies for systems involving
multiple reactions .



BTCH-503A MASS TRANSFER-I

External Marks: 60
Internal Marks: 40
Total Marks: 100

wrr
P
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Objective: The objective of this course is to present thagyples of mass transfer and their
application to separation and purification process&éhe concept of mass transfer
coefficients, rate expressions and some mass énaogérations is developed.

Introduction (2 hrs)
Importance and classification of mass transfer ajgars in Chemical Engineering.
Diffusion: (6hrs)

Diffusion in gases and liquids, Fick’s First law diffusion, Mass balance in simple
situations - with and without chemical reaction.

Diffusion in solids, diffusion through porous sdidnd polymers, unsteady state diffusion
Interphase Mass transfer: (10 hrs)
Theories of Mass transfer, Individual and overalss transfer coefficients, Convective
mass transfer.

Mass balance in concurrent and counter-curreontinuous contact equipment,
Concept of operating line, Multi-stage counterreat operations, Concept of ideal stage,
Stage efficiencies, Design of continuous contaatmgents, HTU and NTU concepts.

Gas absorption: (20 hrs)
Design of plate and packed absorption columns,dbens, Non-isothermal absorption,
Simultaneous heat and mass transfer.

Drying of solids: (6 hrs)
Rate of drying curves, Through circulation dryi@pntinuous drying, Types of dryers.
Humidification operations: (8 hrs)

VLE & Enthalpy, Reference substance plots, vapoas grixtures, concept aidiabatic
saturation, psychometric charts, adiabatic oparathumidification operations and water
cooling operations.

Dehumidification Equipments: water cooling towersgray chambers

Membrane Separations: (6hrs)
Types of membranes, permeate flux for ultra filtnatconcentration polarization, partial
rejection of solutes, microfiltration, Reverse Osmsand Electro-dialysis.

BOOKS RECOMMENDED:

1. Treybal Robert E., Mass Transfer OperatioffsE8., McGraw Hill, 2001

2. Sherwood T. K., Pigford R.L., Wilke C.R., Mass Ts&ar, Chemical

Engineering Series, McGraw Hill, 1975.

3. Backhurst J.R., Harker J.H., Coulson J.F., RictmrdsM., Chemical Engineering —
Volume 1, ' Ed., Butterworth Heinemann, 1999

4. Skelland, A.H.P, Diffusional Mass Transfer, Kreigeub. Co., 1985

5. McCabe, Warren L., Smith, Julian C. and Harriot,Uhit Operations of Chemical
Engg., ' Ed., McGraw Hill, 2005

COURSE OUTCOMES
The students would be able to:
1. Demonstrate knowledge of the principles of massstex.
2. Apply the concepts of Diffusion and various lawsvgming diffusion in solids,



liquids & gases.

3. Apply the concept of mass transfer coefficientsl@signing of Co-current, counter-
current & continuous-contact columns.

4. Analyse processes involving Gas absorption, drgingplids, Humidification

operations & membrane separation.



BTCH-513A ENGINEERING MATERIALS

External Marks: 60 L
Internal Marks: 40 2
Total Marks: 100

TP
00

Objective: This course is aimed at giving the students infeiwnaabout the availability of
various types and classes of materials for engimgersage as per the demands of the end
use. This course will help the students in choosinguitable material of construction for
various equipments being used in a particular @siog technology.

Crystal Structure (5 hrs)
Review of bonding in solids, structure —propertggassing relationship. Miller indices,
effect of radius ratio on coordination, structutdscommon metallic, polymeric, ceramic,
amorphous and partly crystalline materials. Mectalnand Thermal Properties. Methods of
improving strength- reinforcement, additives.

Ferrous Metals & Non Ferrous Metals (6 hrs)
Important varieties of iron ores. Cast iron: typpsgperties and uses of cast iron; Pig iron:
Types of pig iron. Wrought iron: properties andsueéwrought iron. Steel: factors affecting
physical properties of steel and uses of steelrffdaufacturing process) Aluminium, cobalt,
copper, nickel, and zinc their properties and uses.

Alloys (2 hrs)
Introduction to Phase-Diagrams of metals and iteys] Fe-FeC; Cu-Ni, equilibrium
diagrams

Ceramics (6 hrs)
Definition of ceramic, clay: properties of clay, réen wares and stonewares, uses of
stonewares. Definition, classification, composititypes and properties of glass. Definition
of refractory, classification of refractories, pesfles of refractories. Common refractory
bricks like silica bricks, fire clay bricks, dolotaibricks and high alumina bricks

Polymers & Composites (3 hrs)
Classification of polymers, Properties and Engimge Usage of Nylon-66, nylon-6,
polyesters, polycarbonates, polyurethanes, rulpodéymer composite blends

Novel Materials (2 hrs)
Introduction to nano materials and biomaterials @it uses

BOOKS RECOMMENDED:

1. Patton W J, Materials in Industry’”Zd., Prentice Hall, 1975.

2. Van Vlack L.H., Elements of Material Science & Emggring, & Ed., Pearson
Education Inc., 2008.

Aggrawal B.K., Introduction to Engineering Matésial ata McGraw Hill, 2008.
Narula G.S., Narual K. S., Gupta V.K., Materialéce, Tata McGraw Hill, 2007.
Bawa HS, Materials and Metallurgy, Tata McGrawl,HiP86.

Callister, W. D., Rethwisch D.G., Materials Scie@c&ngineering- An introduction,"8
Ed., Wiley International, 2010.

SR INR

COURSE OUTCOMES

At the end of the course the student will be able t

1. Demonstrate the fundamental concepts of crystattsire.

2. Demonstrate the basic knowledge of ferrous and Remeus materials and advanced
materials like Nano-materials and Biomaterials.



3. Distinguish the structure, properties and uses arvfous types of Engg. Materials like
Polymers, Metals and Ceramics.
4. Demonstrate the knowledge of Phase Diagrams and thktion to the material

properties.
5. Make judicious choice among a range of materiats, ¥arious Chemical Engg

applications.



BTCH-504A CHEMICAL REACTION ENGINEERING ENVIRONMENT AL ENGG
Lab

External Marks: 20 L
Internal Marks: 30 0
Total Marks: 50

TP
03

Study of Rate kinetics and temperature dependesiag @an isothermal batch reactor.
Study of Rate kinetics using an isothermal Plug fteactor
Study of Rate kinetics using an isothermal CSTR
Study of Rate kinetics using a cascade CSTR
To find the residence time distribution for a CSTR.
To find the residence time distribution for Packed reactor
To determine the Total Solids, Total Dissolved &liFixed and Volatile solids of a
given sample.
8. To determine conductivity, alkalinity and thaess of the given sample.
9. To find out amount of Sulphates and Gti&s in a given sample.
10. To find the quantity of the Dissolved Oxyger &0OD in the given sample
11. To determine the COD of a given wastewater gamp
12. Analysis of Particulate matter and gaseousifauits using a High volume sampler.

NoakwnNpE

COURSE OUTCOMES
At the end of the course the student will be able t
1. Perform kinetic analysis of reactions using ™asi types of reactors like Batch , PFR and
CSTR.
Determine the Residence Time Distribution foRREhd Packed Bed Reactor.
Measure the conc. of gaseous pollutants in air.
Measure the TDS, SS, COD&BOD of water sample.
Present results in form of written reports.

abrwn



External Marks: 20
Internal Marks: 30

BTCH-505A Chemical Process Plant Design-I

or

Total Marks: 50

©CoNorwNE

Selection, Preparation of specification sheet foemtrifugal pump
Design of piping and piping networks

Process design of gravity chambers

Process design of cyclones

Process Design of Shell and Tube Heat Exchanger

Process Design of Condensers

Process Design of Agitated vessels

Introduction to plate heat exchangers and its desig
Specification sheet for Heat exchangers

The students are to appear in a viva-voce exarnimaéised on design report.

BOOKS RECOMMENDED:

1.

N

Coulson, Richardson &Sinnott R.K., Chemical Engrirege Volume-6 — an Introduction
to Chemical Engineering Desigri" &d., Elseveir Butterworth Heinemann, 2005

2. Perry R.H., Green D. W., Chemical Engineers’ Hamh&" ed., Mc-Graw Hill, 2008
3.

Coker A.K., Ludwig’'s Applied Process Design in Cheah & Petrochemical Plants-
Vol 1, 4" Ed., Gulf Publication- Butterworth Heinemann, 2007

Siddiqui S., Ludwig’s Applied Process Design ine@Gtical & Petrochemical Plants —
Volume 2, 4 Ed., Gulf Publication, 2010

Ludwig E.E., Applied Process Design in Chemical &rBchemical Plants- Vol 3/%3
Ed., Gulf Publication- Butterworth Heinemann, 2001

Vilbrandt F.C., Dryden C. E., Chemical Engg. PlBesign, 4' Ed., McGraw Hill, 1959
Peters M.S. , Timmerhaus K.D., Plant Design anchBeucs for Chemical Engg."s
Ed., McGraw Hill, 2003

Molyneux F., Chemical Plant Design —I, Butterwdrtiinemann, 1963

COURSE OUTCOMES

The students will be able to

1.

Demonstrate the knowledge of standards and pralessgn of equipments like heat
exchangers and cyclone separator.
Perform process design shell & tube heat exchaegadenser, plate heat exchanger.

2.
3. Prepare the specification sheets for heat exchanger
4

. Demonstrate the knowledge of various types of puamgsprepare pump
specifications.

5. Present the work/results in form of written reports



BTCH-506A Training-I

Internal Marks: 60
External Marks: 40
Total Marks: 100

Each student would have to undergo six weeks indl/snstitutional training and will be required
to submit a report after the completion of trainige reports will be assessed by teachers-in-eharg
of the training. The student has to appear in Xieae/Presentation for internal as well as external
evaluation.

Course Outcomes

1. Apply various concepts learnt in Chemical Enginagrn understanding of various
industrial operations being carried out in ChemigdUlstry.

2. Handle/analyze and solve live projects/problemagitheir solutions with
mathematical consistency & most economical & efintiway.

3. Demonstrate the skill of using literature / resegréor solution of such problems in
Chemical Industry.

4. Represent the results of industrial/ institutiomaining in written form as a report.



External Marks: 20 L
Internal Marks: 30 0

BTHU — 501A PROFESSIONAL SKILLS - 1l

TP
03

Total Marks: 50

Concepts of Groups and TeamsGroups and Group dynamics, Group cohesiveness,
compliance and conformity. Team building, Team w&#&nflict: types and resolutions.
Mental Abilities: Verbal Ability, Spatial Ability, Memory.

Attitude: Meaning of attitude, link between attitude andhdegor, Persuasion, attitude
towards work environment, Work-force Diversity. gBificance of Happiness, Optimism,
Wellbeing.

Communication Skills: Job Application Writing, Resume Writing, email ithrg, Group
Discussion, Power Point Presentation.

Recommended Books:

1.
2.

w

Organizational Behaviour by Stephen Robbins, Pedestication
PositivePsychology The Scientific and Practical Explorations of Hun&trengths, C
R Snyder and Shane J. Lopez, Jennifer, Pedrote Bablications.

Social Psychology by Robert Baron and Donn Irwimdy, Prentice Hall India.
Handbook of Practical Communication Skills by CsiesWright, Jaico Publications,
Mumbai.

Effective Technical Communication by M. Ashraf RizVata McGraw Hill.

Model Business Letters, E-mails & Other Businessuboents, 8 Edition, by Shirley
Taylor, Pearson Education.

. Communication skills for Engineers by Sunita Mishral C. Muralikrishna, Pearson

Education, 2004.

Course Outcomes

CO No. After undergoing this course, students rhbesible to:

1

Understand nuances of group dynamics and teark-avat also to develop
ability for effective conflict management .

Sharpen and demonstrate Verbal Ability, Spatiailiy and Memory skills.

2
3

Understand the linkage between attitude andvietiaand its role in
professional and personal well- being.

Develop and demonstrate oral and written comnatiiie skills such as Oral
presentations, Group discussion, Resume writingajplication writing, email
writing.




(6™ Semester)
BTCH-601A MASS TRANSFER - I

External Marks: 60
Internal Marks: 40
Total Marks: 100

wr
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Prerequisite: The students should have studied Mass Transferal @®requisite to study
this course

Objective: The objective of this course is to present thagyples of mass transfer and their
application to separation and purification proces§ée concept of various mass transfer
operations is developed which are extensively used.

Distillation: (20 hrs)
Roult’s law, ideal solutions, x-y & H-x-y diagramBlash vaporisation and condensation.
Differential distillation, Batch distillation, Ragigh equation, Steam distillation, Binary
distillation, McCabe-Thiele and Ponchon-Savarit moelt Total reflux, minimum and
optimum reflux ratios, Efficiency — local, overathd Murphree efficiency.

Distillation Column Design (8 hrs)
Introduction to distillation column design, Desighdistillation columns with open steam,
partial condensers and total condensers. Approximplate to plate calculations for multi-
component distillation.

Liquid-liquid extraction: (20 hrs)
Extraction equipment, equilibrium diagram. Choidesolvent. Single stagand multistage
counter-current extraction with/without reflux. Gmuous contact extractors.

Leaching: (8 hrs)
Leaching equipment and equilibrium. Single stage rmnltistage cross current and counter
current leaching.

Adsorption: (7 hrs)
Types, nature of adsorbents, Adsorption equilibsiagle species- Langmuir, Freundlich
isotherms, Adsorption operations —single stagevauiti stage, Adsorption column sizing
Crystallization: b hrs)
Equilibria and vyields, Methods of forming nuclei isolution and crystal growth,
equipments- vacuum crystallizer, Draft tube-bagfigstallizer.

BOOKS RECOMMENDED:

1. Treybal Robert E., Mass Transfer Operatioff5E8., McGraw Hill, 2001

2. Sherwood T. K., Pigford R.L., Wilke C.R., Mass Ts&r, Chemical Engineering Series,
McGraw Hill, 1975.

3. Backhurst J.R., Harker J.H., Coulson J.F., RichmrdsM., Chemical Engineering —
Volume 1, 6' Ed., Butterworth Heinemann, 1999

4. Skelland, A.H.P, Diffusional Mass Transfer, Kreigeublishing Co., 1985

5. McCabe, Warren L., Smith, Julian C. and Harriot,Uhit Operations of Chemical
Engg., ' Ed., McGraw Hill, 2005

6. Harker J. H., Richardson, J. F., Backhurst J. Renlcal Engg. Vol, 2,%5Ed.,

Butterworth-Heinemann, 2003.

King C.J, Separation Process, Tata McGraw Hill Pub.

Holland, Charles D., Fundamentals and Modelling§eparation Processes, Prentice

© N



Hall, Inc. New Jersey.
COURSE OUTCOMES
The students would be able to
Apply the concepts of mass transfer to the anabysigrious types of distillation.
Analyse extraction and leaching operations.
Analyse the mass transfer operations of adsorpinohcrystallization.
Provide solution to problems related to distillatiextraction etc.

PwpNPE



BTCH-602A CHEMICAL REACTION ENGINEERING —lI

External Marks: 60 L TP

Internal Marks: 40 310

Total Marks: 100

Prerequisite: The students should have studied Chemical Readiingg. — | as a

prerequisite to study this course

Objective: This course teaches the principles of reactionneeging and reactor design for
heterogeneous reactions. It is one of the coreestshjin the chemical engineering
curriculum. The course includes the use of massstea and heat transfer principles as
applicable to heterogeneous reactions and thelicagipn to reactor design.

Kinetics of heterogeneous reactions: (10 hrs)
Introduction to catalysts & their classification,of@epts of physical absorption and
Chemisorption, Preparation of solid catalysts, diigation of Catalysts, Synthesis of rate
law, mechanism & rate limiting step for catalyteactions, Langmuir Hinshelwood rate
equations and parameter estimation.

Diffusion through porous catalyst particles: (D hrs)
Effectiveness factorfor pore diffusion resistance through a single rajtical pore,
Significance of Thiele modulus, Heat effects durneg@ction, Performance equations for
solid- gas reactions for different reactor typede&ermination of controlling resistance.

Kinetics of Fluid-Particle Reactions: (20 hrs)
Modelling of gas-solid non-catalytic reactions ardktermination of parameters,
Combination of resistances & determination of @etrolling step.

Kinetics & Design of Fluid-Fluid Reactions: (20 hrs)
Interface behaviour for liquid-phase reaction, Regg for different reaction kinetics for
liquid-liquid reactions, Determination of reactioate & tower height based on film and
penetration theories, Concept of Enhancement fé&ctgatta Number.

Design of heterogeneous reactors: (8 hrs)
Analysis of rate data design outline and seleatibiixed bed, fluid bed and slurry reactors,
Reactor systems and design for gas-liquid-solidcatalytic system.

BOOKS RECOMMENDED:
1. Smith J.M., Chemical Engineering Kinetic§! Bd., McGraw Hill, 1981.
2. Levenspiel O., Chemical Reaction Engineerif§E8l., John Willey, 2004.
3. Peacock D.G., Richardson J.F., Chemical Engineeriviglume 3, 8 Ed., Butterworth
Heinemann, 1994
4. Walas S.M., Reaction Kinetics for Chemical Engf$E8l., McGraw Hill Book
Co, Inc.
5. Denbigh K.G. , Turner J.C.R., Chemical Reactor Fhean Introduction, 3
Ed., Cambridge Univ. Press London, 1984.
6. Fogler H. S., Elements of Chemical Reaction Enginge4th Ed., Prentice
Hall, 2006
7. Carberry, J.J. Chemical & Catalytic Reaction Engiireg, McGraw Hill, NY, 1976.



COURSE OUTCOMES

The students would be able to:

1. Apply the basics of catalysis and the principle®Reaction Engineering, mass transfer
and heat transfer to heterogeneous reactions.

2. Analyse the kinetics of Fluid-particle non-catatyteactions & determination of the rate-
controlling step for these reactions.

3. Apply the concepts of film & penetration theories flesign of columns involving Fluid-
fluid reactions.

4. Analysis of rate data for heterogeneous reactiordesign of fixed bed, fluidized bed &
slurry type reactors.



BTCH-611A PETROLEUM REFINING ENGINEERING

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
00

Objective: The course is aimed at providing the understandih petroleum refining
industry. It includes the characterization of craahel petroleum products and their usage and
the various processes involved.

Introduction to petroleum industry : (04 hrs)
World petroleum resources, petroleum industry ididn Origin, exploration, drilling and
production of petroleum crudes, Transportationrafies and products.
Crude pretreatment: (06 hrs)
Composition and classification of crudes, methotis\aluation: ASTM, TBP and EFV
distillation.
Petroleum Products (08 hrs)
Properties and specifications of petroleum produsish as LPG, gasoline, naphtha,
kerosene, diesel oils, lubricating oils, waxes tallike.
Testing of petroleum products:

(i) Physical test: Density and specific gravityscosity.

(i) Chemical test: Organic and inorganic constitise

(i) Flammability Test: Flash point, volatility.

(iv) Knock Rating Test: For Gasoline Octane Number.
Separation Processes (20 hrs)
Design and operation of topping and vacuum distlfeunits, Tube still furnaces, Solvent
extraction processes for lube oil base stock amdafomatics from naphtha and kerosene
steams, solvent dewaxing.
Conversion Process (08 hrs)
Thermal cracking, visbreaking and coking processes.
Catalytic cracking, reforming, hydroprocessingyédkion, polymerization and isomerisation.
Safety and pollution considerations in refineries.

BOOKS RECOMMENDED:

1. Nelson, W.L., Petroleum Refinery Engineering, 5thtién, McGraw Hill, 1985.

2. Hobson, G.D., Pohl. W., Modern Petroleum Technol&gly Edition, John Wiley, 1984.

3. Guthrie, V.B., Petroleum Products Handbook, McGFilly 1960.

4. Rao, B.K., Modern Petroleum Refining ProcessB<dition, Oxford & IBH Publishing
Co., 2009.

COURSE OUTCOMES
The students will be able to:
1. Demonstrate knowledge of various petroleum resayrckilling techniques for
obtaining crude petroleum & various regulationsdarde oil production
2. Classify various crudes & identify desirable prdjgsr of Petroleum fractions and
testing methods.
3. Exhibit the knowledge of the various pretreatment aefining processes like
distillation, extraction, de-waxing etc.
4. Exhibit the knowledge of the various conversiongesses like cracking, reforming,
alkylation, polymerization and isomerization.



BTCH-616A OPTIMIZATION TECHNIQUES

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Prerequisite: The students should have studied Numerical Metho@hemical Engg. as a
prerequisite to study this course

Objective: This course aims at training the students in the of various optimization
techniques for finding the best operating condgion values for design variables such that
some objective is justified. It includes the optation of linear, non-linear, single variable
and multivariable problems.

Introduction : (8 hrs)
Engineering application of optimization, Design ialtes, constraints, objective function,
variable bounds, statement and formulation of atinopation problem, Examples of
chemical engineering Optimization problems, Classifon of optimization problems,
different optimization algorithms.
Optimal Point: Local optimal point, global optin@bint and inflection point.
Optimality criterion.
Single variable Optimization Techniques: (20 hrs)
1. Bracketing method (Bounding phase method).
2. Region elimination methods (Internal halving methéabonacci search method,
Golden section search method).
3. Point estimation method (Successive quadratic estim methods).
4. Gradient-based methods (Newton-Raphson methodctigisemethod, Secant, Cubic
search method.)
5. Root finding using optimization techniques.
Multivariable Optimization Techniques: (12 hrs)
1. Optimality criterion — Hessian Matrix and its ugseoptimization
2. Unidirectional search method.
3. Direct search method (Evolutionary method, Hookevés Pattern Search method,
Powell's conjugate direction method)
4. Gradient-based methods (Steepest descent methadomMe method, Marquardt's
methods)
Constrained Optimization Algorithms: (12 hrs)
1. Kuhn - Tucker conditions
2. Transformation method (penalty function method)
3. Direct search for constrained minimization (var@al@limination method, complex
search method.)
Linear Programming: (7 hrs)
Linear programing problems, Degeneracy, Simplexhoutof linear programming, dual
phase simplex method.

BOOKS RECOMMENDED:

1. Deb K., Optimization for Engg. Design AlgorithmsdalBxamples , Prentice Hall of



India, 2005.

2. Edgar T.l. & Himmelblau D.M., Lasdon L.S., Optimime of Chemical Processes,
McGraw Hill, 2001.

3. Rao S.S., Engineering Optimization Theory and Rract” Ed., John Wiley and Sons,
20009.

4. Ray W.H., & Szekely J., Process Optimization withphcations to Metallurgy &
Chemical Engg. Wiley Interscience, 1973.

oo

Beveridge S.G. & Schechter R.S., Optimization: Figé Practice, McGraw Hill, 1970.
Grewal B.S., Numerical Methods in Engineering angce, Khanna Publishers, 1991.

COURSE OUTCOMES
At the end of this course, students will be able to

1.

2.

3.

Formulate optimization problem and interpret theutes of a model and present the
insights (sensitivity, duality etc.)

Perform analysis and optimization of a given singlgable, constrained and
unconstrained problems using various optimizatemmhiques.

Analyze and optimize a given multivariable, conisied and unconstrained
problems using various optimization techniques.

Optimize linear programming problem.



External Marks: 20
Internal Marks: 30

BTCH-603A MASS TRANSFER LABORATORY

o
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Total Marks: 50

=

To find out the critical moisture content of th&em material and to find out the

equations for constant and falling rate periodrgfra.

abrwn

Determination of liquid hold up in a packed column.

To find the mass transfer coefficient for the vagatron of organic vapour to air.

To verify the Rayleigh's equation for batch diatilbn.

To find the height equivalent to a theoretical @lahd height of a transfer unit for the

packed distillation column under total reflux.

© 00N

To find the yield of crystals using batch crystzh

To find the efficiency of rotary drier using a gudar solid

To find the efficiency of a distillation column.

To study the adsorption characteristics and plebgation isotherm.

10 To find the yield of a natural oil by leaching frdmomass.
11.To study liquid-liquid extraction in a packed colam
12.To determine mass transfer coefficient from a vaettall column.

COURSE OUTCOMES
Students will be able to develop the following funderstanding upon the successful
completion of this course:

1.

2.

3.

Apply the fundamental concepts of mass transferesedhose concepts to real
engineering problems.

Apply the concepts of diffusion and various lawseming diffusion in solids, liquids
& gases.

Operate equipments based upon processes invohas@ksorption, drying of solids,
adsorption, crystallization, Distillation, Liquidguid extraction and leaching

To present their results in written form of report



External Marks: 20 L
Internal Marks: 30 0

BTCH-604A PROCESS EQUIPMENT DESIGN

TP
03

Total Marks: 50

Prerequisite: The students should have studied Strength of Mdseais a prerequisite to
study this course

1.

Mechanical Design of Process Equipment: Introducti€lassification of pressure
vessels, pressure vessel codes and standards, nkemda Principles and equations
review

. Design Considerations: Design Pressure, Design €matyre, Materials of construction,

Weld joint efficiency, corrosion allowance, Desigads.

. Design of thin walled vessels under Internal PnessQylindrical and spherical vessels
. Design of heads and closures — design of flat headjcal head, dished heads,

hemispherical and elliptical heads

5. Design of thick walled vessels under Internal Rress
6.

Design of Vessels subject to External Pressurein@ytal & spherical vessels,
Stiffening rings, vessel heads

7. Design of vessels under combined loading: Dead W{eignd load
8.

Design of supports: Skirt support, lug support

The examination shall include a viva-voce examorabased on the design report.

BOOKS RECOMMENDED:

3.

1. Brownell L.E. and Young E. H., Process Equipmersife, Wiley Interscience, 1959.
2.

Bhattacharya, R.C., An Introduction to Chemical pqent Design- Mechanical
Aspects'Ed., CBS Publication, 1985

Mahajani V.V., Umarji S.B., Joshi's Process Eaquémt Design, %4 Ed., Macmillan
Indian Ltd., 2009.

COURSE OUTCOMES

Students would be able to:

1. Demonstrate knowledge about important parameters and codes of equipment
design.

2. Perform mechanical design for thin & thick internal and external pressure
vessels and tall vessels.

3. Perform mechanical design for various parts of vessels, heads, supports.

4. Perform mechanical design various types of bottoms and roofs for cylindrical
vessels.

5. Present the work/results in form of written reports



BTHU — 601A PROFESSIONAL SKILLS — IV

External Marks: 20
Internal Marks: 30
Total Marks: 50
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Motivation: Introduction to Motivation, Relevance and Intrmsind Extrinsic
Motivation, Achievement motivation, Assessment ajtMation.

Leadership: Characteristics of a good leader. Styles of |esdp
(Transformational, Transactional, Charismatic).

Aptitude: Meaning and measurement, problem solving abilitikgyical
reasoning skills, verbal and numerical reasoningtoRal comparison, shapes
and symbols.

Communication Skills: Report Writing, Negotiation Skills, Meeting Skill
Interview Skills.

Recommended Books:
1. Organizational Behaviour by Stephen Robbins, Pedgstucation.

2. Organizational Behaviour by Fred Luthans, Tata MoaGHill.

3. Handbook of Technical Writing by David A.McMurrend Joanne Buckley by
Cengage Learning.

4. Handbook of Practical Communication Skills by Ckies Wright, Jaico
Publications, Mumbai.

5. Effective Technical Communication by M. Ashraf Rizvata McGraw Hill.

6. Model Business Letters, E-mails & Other Businessuboents, 8 Edition, by
Shirley Taylor, Pearson Education.

7. Communicative English for Engineers and Professsobg Nitin Bhatnangar
and Mamta Bhatnagar, Pearson Education.

Course Outcomes of Professional Skills (BTHU-601A)

CO No. | After undergoing this course, students rbasible to:
1 Understand implications of varied aspects of Maiton and its assessment.
2 Understand and imbibe leadership skills and wargtyles of leadership.
3 Sharpen and demonstrate problem solving abilitagical reasoning skills,
verbal and numerical reasoning, Pictorial comparisbapes and symbols
4 Develop and Demonstrate oral and written comnation Skills such as
Negotiation Skills, Meeting Skills, Interview Sld]lReport Writing.




(7"Semester)
BTCH-701A PROCESS INSTRUMENTATION, DYNAMICS & CONTR OL

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
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Objective: The course is devoted to the analysis of the uartgpes of instruments used in
chemical processes, dynamical behaviour of syst@misthe mathematical tools used in
their analysis. Further, the control of these psses by using various types of controllers
and their design is included in the course.

Introduction: (2 hrs)
Importance of instruments in Chemical Process itrtess Static and Dynamic
characteristics of instrument.

Instruments for Pressure, Temperature & Level Measvement: (10 hrs)
Bourdon gauge, bellow type gauge, Measurement@fwa and pressure, Transducers
Thermocouples, resistance & filled thermometergrrthistors, optical and radiation
pyrometers.

Liquid level measurement-Direct and differential tho&l, positive displacement type
meters

General Principles of Process Control (12 hrs)
Basic control elements, degree of freedom anddixihcontrol parameters, Simple system
analysis, Transfer functions, block diagrams, liresion. First and higher order systems,
interacting and non-interacting systems, distridud@d lumped parameter systems, dead
time.

Different modes of control and their basic charactastics: (15 hrs)
Proportional, Integral and Derivative Control aaticController characteristics- P, Pl &
PID controllers, process characteristics and chofcendicating, recording& controlling
instruments for chemical industries, Feedback obrservo and regulation control. Time
domain-closed loop frequency response, optimizadiooontrol system response, stability
analysis — Routh criteria, Bode plots

Introduction to advanced control techniques: (6 hrs)
Feed forward, feedback, cascade, ratio, adaptigelayital computer control.
Process Identification and applications (3 hrs)

Process identification of systems with unknown ¢fanfunctions.
BOOKS RECOMMENDED:

1. Eckman D.P., Industrial Instrumentation, Wiley East 1974

2. Patranabis D., Principles of Process Contri E2l., Tata McGraw Hill, 2001

3. Coughanowr D.R., Leblanc S., Process System Arsafysil Control, "8 Ed., McGraw
Hill, 2009

4. Stephanopoulos, G., Chemical Process Control 1¥meduction to Theory and
Practice, I Ed., Prentice Hall of India, 1990

5. Peacock D.G., Richardson J.F., Chemical Engineeriviglume 3, 8 Ed., Butterworth
Heinemann, 1994

6. Bequette B.W., Process Dynamics: Modeling, Analysis and Simulation, Prentice Hall,
1998

7. Bequette B. W., Process Control: Modeling, Desiga Simulation, Prentice Hall, 2003



8. Pollard, Process Control for Chemical and Alliedustries, Butterworth Heinnemann,
1971.

9. Weber T. W., An Introduction to Process Dynamicso&@ol, Kreiger Publishing
Co, 1988

10.Hatrriott, P., Process Control, TMH Edition, Tata®taw Hill Publishing Co. Ltd., New
Delhi, 2001.

Course Outcomes:
Students will be able to
1. Analyse #'and 29 order systems
2. Analyse linear and non-linear systems.
3. Demonstrate the knowledge of various types of odlets (P, PI& PID ) and their
transfer functions.
2. Analyse a given system for its frequency respomnskssability.
3. Demonstrate the knowledge of Process Identificadioth advanced control strategies like
Cascade, Ratio and Feed forward Control



BTCH-702A Process Engineering & Economics

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
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Objective: The objective of this course is to enable thelextts to make an economic analysis of
different technologies or operations based on wstdeding of various costs involved. A brief
introduction to patents and IPRs is also includegive an insight to the students in this field.

Cost Estimation: (12 hrs)
Factors affecting investment and production co€lapital investments-fixed investments and
working capital. Cost indices. Estimating equipmeasts by scaling 6/10 factorrule. Methods for
estimation capital investment. Estimation of tqgiedduct cost. Different costs involved in the total
product for a typical chemical process plant.

Balance sheet and income statement: (4 hrs)
Concept of Gross Profit, Net Profit, Return on ineent, Current Ratio, Quick Ratio, Debt-equity
ratio

Interest and investment costs: (4 hrs)

Simple and compound interest, Nominal and effeatates of interest. Continuous interest, Annuity,
Perpetuity and capitalized costs.

Taxes and Insurance: (4 hrs)
Types of taxes and tax returns, types of insuranceegal responsibility.
Depreciation: (6 hrs)

Types of depreciation, service life, salvage valpeesent value and methods of determining
depreciation, single unit and group depreciation.

Profitability: (8 hrs)
Alternative Investments and Replacements: Matheaathethods of profitability evaluation, Cash
flow diagrams, Determination of acceptable investipenlternative when an investment must be
made and analysis with small increment investnreplacement, Break even analysis.

Optimum Design: (2hrs)
Procedure with one variable, Optimum reflux ratiaistillation and optimum pipe diameter
IPR and Patent Systems (8 hrs)

Intellectual property, IPRs and its types, Patdaitits, legal decision making process and ownership
of tangible and intellectual property. Indian pateystem, current IPR laws and legislations indndi
for IPR. Documents required for filing patent, inflement of patents and remedies

BOOKS RECOMMENDED:

1. Peters M.S., Timmerhaus K.D., Plant Design anchBoucs for Chemical Engg."®d., Tata
McGraw Hill, 2005

1. Ulrich,G.D., A Guide to Chemical Engineering Prac8&sign and Economics, John Wiley,
1984

2. Guthrie, K.M., Process Plant Estimating, Evaluagod Control, Craftsman Solano Beach,
Calif,

3. Couper James R, Process Engineering EconomicseMaekker, NY, 2003

Course Outcomes:
1. The students will be able to prepare and analyed#ance sheet, income statement and

estimation of capital investment, total producttsos
2. The students will be able to understand the conuieipterest cost, depreciation and taxes.
3. The students will be able to perform profitabiltgd replacement analysis and calculation
of single variable optimum cost/profitabilty anays



4. The students will be able to understand the conaflpitellectual Property Right (IPR)
and Patent system.



Dept. Elective—V
BTCH-711A SEPARATION PROCESSES
External Marks:60

L
Internal Marks:40 3
Total Marks: 100

TP
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Objective: The course is aimed at providing the understandihseparation techniques used in
industry. It includes the study of details of teicjues like membrane separations, adsorption, and
chromatography.

Introduction to Separation Processes (4 hrs)
Industrial chemical processes, Mechanism of separaseparation power, selection of feasible
separation processes.

Membrane Separations (12 hrs)
Membrane Materials, Membrane Modules, TransporMembranes — Porous Membranes, Bulk
Flow, Liquid Diffusion in Pores, Gas Diffusion, Nporous Membranes, Solution-Diffusion for
Liguid Mixtures, Solution-Diffusion for Gas Mixtuse Module Flow Patterns, Cascades, External
Mass-Transfer Resistances, Concentration Polasizatmd Fouling.

Dialysis and Electrodialysis, Reverse Osmosis, Gasmeation, Pervaporation, Ultrafiltration,
Microfiltration.

Adsorption, lon Exchange, and Chromatography (@ hrs)
Sorbents: Adsorbents, lon Exchangers, SorbenGHoomatography

Equilibrium Considerations: Pure Gas Adsorptionguidl Adsorption, lon Exchange Equilibria,
Equilibria in Chromatography

Kinetic and Transport Considerations: External Spamt, Internal Transport, Mass Transfer in lon
Exchange and Chromatography

Sorption Systems: Adsorption, lon Exchange, Chrograiphy, Slurry Adsorption (Contact
Filtration), Fixed-Bed Adsorption (Percolation), érfmal-Swing Adsorption, Pressure-Swing
Adsorption, Continuous, Counter-current Adsorpt8ystems, Simulated-Moving-Bed Systems, lon-
Exchange Cycle, Chromatographic Separations

Multi component Distillation: (8 hrs)
Introduction to Multi-component Distillation, Estation of Minimum number of trays: Fenske
Equation, Minimum Reflux: Underwood Equations, Estiion of Numbers of Stages at Finite
Reflux: Gilliland Correlation, Concept of dividedalled distillation columns.

BOOKS RECOMMENDED:

1. Seader J D & Henley E J, Separation processesigigac 2° edition, John Wiley & sons,
2006

2. Rousseau R W, Handbook of separation process tegndViley-Interscience, 1987

3. Strathmann H, lon exchange membrane separatioegses, Elsevier Science.

Course Outcomes
Students will be able to
1. Demonstrate knowledge of various chemical engingeseparation processes.
2. Apply knowledge of membrane separation for phegrmn
3. Ability to analyze the separation system for matimponent mixtures
4. Ability to design separation system for the effeetsolution of intended problem



BTCH-712A PETRO CHEMICAL TECHNOLOGY

ExternalMarks:60 LTP
Internal Marks:40 3 10
TotalMarks: 100

Objective: The course aims at providing the knowledge ofquéiemical industry to the students
which includes the processes, products and theduation in petrochemical industry.

Introduction (8 hrs)
Petrochemicals: Definition, importance and growdkeptial of the field.
Petrochemical Feed stocks (16 hrs)

Raw material for petrochemical industries, soureespnomics and advantage

Production of olefin containing gases; various fication and separation processes.

Important intermediate material for petrochemicalustry e.g. Aromatic, Ammonia, Butadiene,
Alcohol, synthesis gas

Processes for petrochemical feedstock (12 hrs)
Cracking- thermal and catalytic, polymerization @&wmerisation.

Desulphurization of petrochemical feedstocks

Manufacture of important petrochemicals (12 hrs)
Plastics, Fertilizer, Carbon Black, Synthetic fiheBynthetic Rubber, Synthetic Detergents.
Concepts of quality and environmental pollutiontcohnin petrochemical industries.

BOOKS RECOMMENDED:

1. Rao B.K. B, Modern Petroleum Refinery ProcessBedifion, Oxford & IBH Publishing Co.
Pvt. Ltd., 2009

Steiner H, Industries to Petroleum Chemicals, Rrerngan Press, 1992

Waddone, A.C. , Chemicals from Petroleum, John ¥jur888

Top Chev, A.V. Synthetic Materials from PetroledPeygammon Press, 1982

Astle M.J., Synthetic Materials from Petroleum, d&@anmon Press

abrown

Course Outcomes:

The students will be able to:

1. Demonstrate knowledge of various petrochemicals.

. Demonstrate knowledge of varioBstrochemical Feed stocks and their purificatian fo
commercial production gfetrochemicals.

3. Apply the knowledge of processing techniques fotawling petrochemicals from
various Petroleum products.

. Manufacture of typical Petrochemicals and their p@rcial uses.

. Analyze the effect of petrochemicals and petrockahindustries on environment and its control
strategies.

N
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BTCH-713A POLYMER REACTOR DESIGN

External Marks: 60 LT P
Internal Marks: 40 310
Total Marks: 100

Prerequisite: The students should have studied Polymer SciendeEagineering as Elective-1,
Chemical Reaction Engg. | as a prerequisite toystiid course

Objective: The course will provide a detailed study of aggtiion of chemical engineering
principles in the design and analysis of reactorgpblymer production.

Introduction: (12 hrs)

A brief introduction to various types of polymepmlymerization methods and their importance.
Reactors: Definition, types, application-fields.

Reactor Design: meaning, general design procedure

Reaction Engineering of step growth polymerization: (12 hrs)
Introduction, analysis of semi batch reactors, MVBD ARB polymerization in homogeneous
continuous flow stirred-tank reactors (HCSTRs), atbed stage of polymerization, similarity
solution of step growth polymerization in films tifinite mass transfer.

Reaction engineering of chain growth polymerization (8 hrs)
Introduction, design of tubular reactors, copolyizegion, solution of equations describing
isothermal radical polymerization.

Emulsion polymerization: (8 hrs)
Introduction, emulsion polymerization in homogengocontinuous flow strirredank reactors
(HCSTRSSs)

Design of Batch Reactors: (8 hrs)
Detailed Design of ideal batch reactor for the pizithn of Phenol-Formaldehyde (novolac) starting
from phenol & formaldehyde as raw materials.

BOOKS RECOMMENDED:

1. Kumar A. & Gupta R. K., Fundamentals of Polymef¥ e2lition, McGrawHill, 1998.

2. Kumar A. & Gupta R. K., Fundamentals of Polymereace and Engineering, TataMcGrawHill,
New Delhi, 1978.

3. Fogler H. S., Elements of Chemical Reaction Enginge4th Ed., Prentice Hall, 2006

Course Outcomes:
Students will be able to:
1. Apply the fundamentals of kinetics to Chain growstep growth and Emulsion
Polymerisation.
2. Formulate mathematical models for different typkepalymerizations.
2. Quantitatively determine degree of polymerizatiod anolecular weight distribution of
ARB Polymers.
3. Perform process design of batch, semi batch antihcaus reactors for these
polymerizations
4. Demonstrate the knowledge of fundamentals of Cgpetisation.



BTCH-703A PROCESS INSTRUMENTATION, DYNAMICS & CONTROL LABORAT ORY

External Marks: 20 L
Internal Marks: 30 0
Total Marks: 50

TP
03

Calibration of temperature, pressure, flow and ocositipn measuring instruments.

Study of process dynamics of a liquid level tank

Study of process dynamics of interacting / nonraxteng tanks in series.

Study of process dynamics of some processes likedxehangers.

Investigation of the operation of pneumatic andtetaic controllers with proportional integral

derivative action.

To determine the best setting of a controller fartoolling an actual process.

To solve first order or higher order differentiadjuations with the help of an analog

computer/ computer and to study control problemsithulation.

8. To control the level of liquid in the process tamking multi process trainer for different
controller settings.

9. Study of control valve characteristics.

10. Study of Programmable Logic Control system.

arwbdpE

No

Course Outcomes:

The students would be able to

1. Calibrate instruments involving process variablesedufor controlling chemical process
plants.

2. Analyze the dynamics of various Ist & lind orders®ms and develop their transfer
functions.

3. Analyze the characteristics of pneumatic and edeatrcontrollers.

4. Compare the characteristics of various types oft@bralves & Interpret operation of a
Programmable Logic Control (PLC) system.

5. Present the results in form of written reports.



BTCH-704A CHEMICAL PROCESS PLANT DESIGN -l

ExternalMarks:20 LTP
Internal Marks:30 1 03
TotalMarks: 50

CoNo~WNE

Design of Sieve Tray Column and column internals
Design of Bubble Cap Column and column internals
Design of Packed Column and column internals
Specification sheet for tray type and packed cokimn
Design of Homogeneous Reactors

Design of Heterogeneous reactors — Fixed bed
Design of Heterogeneous reactors — fluidised bed
Types of Flow Sheets

Overview of plant layout

The student is to appear in a viva-voce examindiased on the design report.

BOOKS RECOMMENDED:

9.

10.
11.

12.

13.

14.
15.

16.

Coulson, Richardson &Sinnott R.K., Chemical Engiivee Volume-6 — an Introduction to
Chemical Engineering Design” &d., Elseveir Butterworth Heinemann, 2005

Perry R.H., Green D. W., Chemical Engineers’ Hadbh8&" ed., Mc-Graw Hill, 2008

Coker A.K., Ludwig's Applied Process Design in Clieah & Petrochemical Plants- Vol 1"4
Ed., Gulf Publication- Butterworth Heinemann, 2007

Siddiqui S., Ludwig’s Applied Process Design ine@fical & Petrochemical Plants — Volume 2,
4™ Ed., Gulf Publication, 2010

Ludwig E.E., Applied Process Design in Chemical &mchemical Plants- Vol 3/%Ed., Gulf
Publication- Butterworth Heinemann, 2001

Vilbrandt F.C., Dryden C. E., Chemical Engg. PlBesign, 4 Ed., McGraw Hill, 1959

Peters M.S. , Timmerhaus K.D., Plant Design anchBaoucs for Chemical Engg."&d.,
McGraw Hill, 2003

Molyneux F., Chemical Plant Design —I, Butterwadrfd&inemann, 1963

Course Outcomes:

1. The students will be able to demonstrate the knowledge of standards, types and
process design of equipments like distillation columns, absorption columns and reescto

2. The students will be able to perform process design of tray type distillation column,
packed absorption column and reactors.

3. The students will be able to prepare the specification sheets for distillation column
and absorption column.

4. The students will be able to demonstrate the knowledge of plant layout and flow
sheets.

5. The students will be able to present the work/results in form of written reports.



BTCH-705A PROJECT -I

External Marks: 40 L
Internal Marks: 60 0
Total Marks: 100

TP
06

Each student will have to perform literature suraeg plan the course of action for the final prbjec
(Project-Il) and submit a report and deliver a preation based on the work done.

The main aim is to develop an understanding ofditee survey, its analysis and presentationsskill
in the students. Depending on his/her performamdtled presentation he/she will be evaluated. The
student will also have to appear in a Viva-Vocemlxetion justifying the work being carried out.

Course Outcomes

The student would be able to

1. Demonstrate the intensiVieerature survey for any Chemical Engineering tedlgproblem.
2. Deliver well organized technical presentations tlee literature survey performed.
3. Write an efficient and effective report.



BTCH-706A Training-1l|
INDUSTRIAL/ INSTITUTIONAL TRAINING

External Marks:4 0
Internal Marks: 60
Total Marks: 100

Each student would have to undergo eight weekssindl/ institutional training and will be
required to submit a report after the completiortraining. The reports will be assessed by teacher
in-charge of the training. The student has to appediva-Voce/Presentation for internal as well as
external evaluation.

Course Outcomes

1. Apply various concepts learnt in Chemical Enginggin understanding of various
industrial operations being carried out in ChemigdUlstry.

2. Handle/analyze and solve live projects/problemsgitheir solutions with mathematical
consistency & most economical & efficient way.

3. Demonstrate the skill of using literature / resesrtor solution of such problems in
Chemical Industry.

4. Represent the results of industrial/ institutiotmaining in written form as a report.



(8"Semester)
BTCH-801A PROCESS MODELING & SIMULATION

External Marks: 60 L
Internal Marks:40 3
Total Marks: 100

TP
10

Prerequisite: The students should have studied Numerical MethodShemical Engineering as a
prerequisite to study this course

Objective: This course aims at developing the ability of shedents in the mathematical treatment of
chemical engineering processes. This course insltige concept of models, variables, parameters,
parametric sensitivity and model formulation angiitisolution through simulation.

Introduction: (12 hrs)
Concept of  Steady state, Dynamics, Variables Bedrees of freedom, Definition of
mathematical model, Classification of models — 3&@nd rigorous, lumped and distributed
parameter model, uses of mathematical models, ipkasc of formulation of models,
advantages and limitations of mathematical modefagametric sensitivity.

Review of Fundamental Laws and Numerical methods: (6 hrs)
Continuity equations, energy equations, equatidrmation, transport equations, equations
of state, equilibrium, chemical kinetics.

Review of numerical methods used for solution oé#ér and nonlinear equations, ODE’s
and PDE’s.

Process modeling

Steady state models (20 hrs)
-Model of three isothermal CSTRs in series -cortsfavariable hold-up.

- Model for an Isothermal/non-isothermal plug-flogactor.

- Model of equilibrium staged processes Distillatemlumns, Gas Absorbers & Strippers.

- Model of flash vessels

- Model for various types of heat exchangers

- Model of evaporators

- Equilibrium-constant & titration curve models H systems.

Unsteady state models

Lumped parameter systems (8 hrs)

- Model for a gravity flow liquid level tank.

- Model for a system of interacting & non-interacfitanks.

- Model of jacketed stirred tank heater

- Model of jacketed stirred tank reactor

- Model of flash separation column

- Model of multistage batch and continuous didiiia column.

- Model for liquid-liquid extraction columns.

Distributed parameter systems: (8 hrs)

- Model of laminar flow in pipe, heat exchanger

- Model of packed columns

- Model of packed bed reactor.

Simulation: (4 hrs)
Meaning of simulation; simulation strategy for simpsothermal CSTR, simple non-isothermal
CSTR and simple isothermal batch reactor



Books Recommended:

1. Luyben, W.L., Process Modeling Simulation anahtta for Chemical Engineers,
2nd Edition, McGraw Hill Book Co., 1990.

2. Franks, R.G.E., Mathematical Modeling in Chernieragineering, John Wiley,

1967.

3. Ramirez F. W., Computational Methods in Pro&issulation, 2nd Ed.,
Butterworth Heinemann, 1998
4. Bequette B.W., Process Control: Modeling, Desigd Simulation, Prentice Hall,

2003

Course Outcomes:
The students will be able to:

1.

2.

3.

Apply the concepts of model formulation, an analysi variables and parameters, and
degree of freedom analysis for the solution of reathtical model.

Develop steady state models of typical chemicairnegging processes like reactors,
columns, heat exchangers etc.

Develop unsteady state models of typical chemiogineering processes like reactors,
columns, heat exchangers etc.

Apply the knowledge of numerical methods and siteutimple Chemical Engineering
problems involving lesser no. of equations andaldes.



Dept. Elective-VII

BTCH-811A Chemical Process Safety

External Marks: 60 L
Internal Marks: 40 3
Total Marks: 100

TP
10

Objective: The course will provide an overview of Procest&ean the Chemical Industry, focusing
on the nature of chemical plant accidents, thaisesa, and steps to eliminate them, with emphasis on
inherently safe designs. The students are expéctiedve active participation through case studies o
disasters in the past.

Introduction (16 hrs)
Concept of Loss prevention, acceptable risks, aotidnd loss statistics, nature of accident process
inherent safety.

Toxicology: Dose versus response, toxicants entry route, Imddedose and response curves, TLV
and PEL

Industrial Hygiene: Identification, Material safety data sheets, ktdial hygiene evaluation and
control

Basics of Fires and Explosion (8 hrs)

Fire triangle, definitions, flammability charactics of liquid and vapours, LOC and inerting, type
of explosions, Designs for fire prevention

Hazard identification (8 hrs)
Hazard survey, checklist, HAZOP, safety reviewsatwhanalysis
Risk Assessment (8 hrs)

Probability theory, event tree, fault tree, QRA di@dPA, Dow’s fire and explosion index, Mond’s
index, Dow's Chemical release model

Accident Investigations (8 hrs)

Case Histories

Bhopal gas tragedy, Flix borough disaster, Pasadetident, IOCL disaster, nuclear disaster in Japan
in 2011.

BOOKS RECOMMENDED:

1. Crowl D.A., Louvar J.F., Chemical Process Safetyndamentals with Applications, 3rd Ed.,
Prentice Hall, 2011

2. Coulson, Richardson &Sinnott R.K., Chemical Engnreg Volume-6 — an Introduction to
Chemical Engineering Desigrf,hEd., Elseveir Butterworth Heinemann, 2005

3. Dow Chemical Company, Dow’s Chemical Exposure InGexde, 1993

4. Lees F P, Loss Prevention in Process Industriese#l, Butterworth, London, 1996

5. Wells G L, Safety in Process Plant Design, Georgdvn Itd., New York, 1980

Course Outcomes:
Students would be able to:-
1. Demonstrate the knowledge of safety principlese@ical Industry.
2. Apply the knowledge of various hazard identificatiechniques.
3. Exhibit the knowledge of various types of fires axglosions; and design for fire
protection.
4. Analyze and apply the various risk assessment rdstttoChemical Engineering
scenario.
5. Analyze case histories of industrial disasters.



BTCH-802A PROCESS SIMULATION LABORATORY

Objectives: The objective of the lab is to introduce studemtsotving process simulation problems using
MATLAB / Simulink. A basic background in Numeriddiethods and Chemical Engineering is expected,
though all the key concepts required for the ldbbgireviewed during the course of the semester.

External Marks:20 LTP
Internal Marks:30 0 03
Total Marks: 50

n

ok

10.
11.

12.

Program involving Simulation for calculation of B point & Dew point of mixtures using
MATLAB / Simulink

Program involving Simulation of Lumped Gravity Fléank model using MATLAB Simulink.
Program involving Simulation of Steady sttiteee isothermal CSTRs in series -constant &
variable hold-upsing MATLAB/ Simulink.

Program involving Simulation of Steady stétkig flow reactousing MATLAB/ Simulink.
Program involving Simulation of Steady st@as Absorbeunsing MATLAB/ Simulink.
Program involving Simulation of &teady statefgll and tube type heat exchangsing
MATLAB / Simulink.

Program involving Simulation of lumped Jacked nsothhermal CSTR using MATLAB
Simulink

Program involving Simulation of isothermal batcha®r using MATLAB Simulink

Program involving Simulation of lumped modigjuid-liquid extraction columnasing
MATLAB / Simulink

Program involving Simulation of isothermal distilan column using MATLAB Simulink
Program involving Simulation of distributéddodel of laminar flow in pipaising MATLAB/
Simulink

Program involving Simulation of distributédodel of packed bed reactosing MATLAB/
Simulink

Course Outcomes:

The students will be able to:

1. Apply single and multi-variable optimizations teajunres for developing mathematical
models and numerical analysis of Chemical Enginggproblems.

2. Develop mathematical models of chemical engineerprgcesses and numerical

implementation by using various numerical method#te Bisection Method, Newton
Raphson method & Euler’s Method.

3. The students exhibit the skill of usage of progranghanguage for Simulation of Models
developed for Chemical Engineering Problems.

4. Present results in the form of written reports bdtialytical and graphical form.



BTCH-803A Project-II

External Marks:40 L
Internal Marks:60 0
Total Marks: 100

TP
06

Each student is required to submit 3 bound typé&ewricopies of a project report on a proposed
research oriented work:- either theoretical orxcfical (e.g design of sophisticated process plant,
modelling & simulation of sophisticated chemicalopess, optimization of sophisticated of
chemical process, chemical process experimenté&tidata analysis)

The objective is to test the ability of the studentncorporate his entire knowledge of chemical
engineering principles, to judge his knowledgegiodlity and capacity for application of
laboratory data in designing chemical plants andetermine the level of his proficiency at the
end of the course.

The student is to appear in a Viva-Voce Examination

Course Outcomes

The student would be able to

1. Apply chemical engineering principles for solutioia given problem.

2. Perform experiments/ data collection necesgaryolution and arrive at solution of any
Chemical Engineering related problem.

3. Deliver well organized technical presentations.

4. Present the findings in written format



