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B.E. Chemical Revised Syllabus to be effective from the academic year 2009-2010.

The students are required to opt for any one of the following elective subjects during their course

work.
List of elective subjects.

Semester — 1 ¢

Elective - L. Elective — II.

1. Industrial Piping. 1. Petrochemical Engineering.

2. Food Technology. ‘ 2. Polymer Science and Engineering.
3. Energy Engineering. 3. Computer Aided Design.

Semester - II :

Elective — I11.

1. Optimization in Chemical Engineering.
2. Catalysis.

3. Advanced Separation Process. -
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4901. Chemical Reaction Engineering — II,
One Theory Paper : 100 marks. Duration : 03 Hours.

Practical Examination : 50 marks. ' Duration : 04 Hours.

Note :
The approximate number of teaching hours required to cover the syllabus on the topics given

below is given at the end of the topic. Numerical be worked out as per the requirement of the topic.

Unit 1:

Temperature and Pressure effects : Single reaction and multiple'reactions. Optimum temperature
progression. Adiabatic and non-adiabatic operations. Non-ideal flow : RTD, models for non-ideal
flow and applications to reactor design. Mixing of fluids : Self mixing ofa single fluid and mixing

of two miscible fluids. (12Hrs)

Unit2:

Rate equation for heterogeneous systems. Contacting Pattern Tor Two-Phase Systems, Fluid

Particle Reactions. Progressive Conversion Model, Unreacted Core Model for Spherical Particle

of Unchanging Size, Rate of Reaction for Shrinking Spherical Particles, Determination of Rate

Controlling Steps, Mathematics of Progressive Conversion Model Reactors for Fluid-Particle nort

catalytic reactions. (06Hrs)

Unit 3

Introduction to Fluid-Fluid System (without catalyst), Rate Equation for Instantaneous, Fast,
Intermediate, Slow, Reaction and Infinitely- Slow Reaction, Film Conversion Parameter, Slurry
Reaction Kinetics. Applications to design - Tower for Fast and 'Slow Reaction, Mass Transfer with

Chemical Reaction. Reactive Distillation and Aecrobic fermentation. (06Hrs)
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Uit 4 :

Catalysts: Classification, Characteristics, Preparation and Deactivation of Catalyst. Promoters and
Inhikitors. Dctcrminal::un of surfece Area, Pore Volume cte of Catalyst, Selection & preparation
catalysts for industrial reactions like MHa, Hp80., Water gas shift reaction, ete. Adserptien Process

and its classifications. Types of Adsorption 1sotherm, (04Hrs)

Unit 5 :
Zolid Catalyzed Reactions. The Rate equation, Various resistances in catalyst pellets. Effectiveness

Fuetor, Heal efTects during reaction, Resistances for isothermal particles. Staged Adiabatic Packed
Bed Reactors, Fluidized Bed Reactors, (DGHrs)

Unit 6 :

Introduction to Heterogeneous Catalytic Reactors. Design, Mechanism, Construction and
epplications of : Moving Bed Reactors like Shury Bed Reactors, Trickle Bed Reactors. Isothermal
‘znd Adisbatic Fixed Bed Reactors. {06Hrs) )

Practical Work

Minimum eight experiments, based on the syllabusg, should be conducted during the course and
record (Journal) for the same shall be submitted.

The practical examination shall consist of performing an experiment based on the practical work
done during the course, the record of the experiments submined by the eandidate and viva-voce

baged on the syllabus,

Suggested List of Experiments: The experiment be based on

1. The kinetics of liquid phase reversible rection with homogenous catalyst in & hatch reactor.

2. The kinetics of liquid phese reaction by dilatometer method (Decomposgition of discetone
aleohol)

1. The temperature dependency of liquid phase irreversible reaction.

4. Mass transfer with chemical reaction, 5. RTD in CSTR. 6. RTD in PFR.

7. RTD) in packed hed reactor. 8. Characterization of catalysts. . % CSTRs in seres.

10, Heterogeneous catalytic reaction.

}
i
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Reference Books:

1. Chemical Reaction Engineering, O. Levenspiel, Wiley Eastern Ltd

2. Elements of Chemical Reaction Engineering, H. S. Fogler, Prentice- Hall of India Pvt Ltd.
3. The Engineering of Chemical Reactions, L.D.Schmidt, Oxford University Press.

4. Chemical Engineering Kinetics, J.M. Smith, McGraw Hill Book Co.

5. Principles of Reaction Engineering, S.D. Dawande, Central Techno Publications.

Note: For paper setter(s) for setting of questioh paper(s) for the theory examination to be
conducted by University:

1. Weightage to the queétion to be asked be based on number of teaching hours allotted to each
topic /- unit. )

2. Total of 05 (five) questions maximum, be asked per section of the paper, out of which students
are expected to answer /-solve any three questions.

3. Questions be of a maximum 16/18 mérks each, to add up to maximum 50 marks per section.

4. Questions of maximum 16 / 18 marks are expected for teaching of @ 04 hirsof a topic. The
question be a full question of 16/1:8 marks or have sub-questions to make a full question of
16/18 marks. N

5. There be a minimum of one and a maximum of two question on each topic/ unit.

6. @40% of the questions to be set be based on the theory, @40% be based on numerical solving
and @20% be based on derivation(s). -
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© A2, Transport Phenomena,

One Theory Paper : 100 marks, Duration : 03 Hours.
Practical Examination : 50 marks. ~ Dueation : (4 Hours,
Mate :

The approximate number of teaching hours required to cover the syllabus on the topics given
below s given at the end of the topic. Numerical be worked out &5 per the requirement of the topic.

Unit 1: Momentum Transport.

Yiscosity & the mechanisms of momentum transport: Introduction of viscosity and mechanism of
momentum transport. Mewton's lew of viscosity. Mewlonian & non-Mewtonian fluids, Pressure &
temperature dependency of viscosity. Maolecular theery of viscosity of gases & of liquids,

Shell momentum halances and velocity distdbutions © Shell momentum balances & boundary
conditions, flow of a falling film, flow through a circular tube and an annulus, flow of two adjacent
immiscible fluids, creeping flow around & sphere.

The equations of change for isothermal systems : The equation l}l'_ (i) continvity, (i} motion,
(iii] mechanical energy, (iv) a.ngulnr_ metion. Use of the equa:ions of change to solve flow
problems. Dimensional analysis of the equation of change, .
Velocity distributions : Time dependent flow of Mewtenian fluids, Comparison of laminar &

turbulent flows, Time smoothed equations of change for compressible fluids, time smoothed

velocity profile near a wall. Empirical expressions for turbulent momentum flux, turbulent flow in

ducts & jets.

Interphase transport in isothermal systems @ Friction factors for flow in wbes, around spheres,
packed columns. .

Macroscopic balances for isothermal flow systems @ The ma.cmscc;p.ic nass, momentum, angular
momentuny, mechenieal energy balunce. Cstimation of viscous loss, Use of the mocroscopic

balances for steady = state & unsteady — state problems, (18 Hrs)

Unit 2 : Energy Transport.
Thermal conductivity and mecharism of energy transport @ Fourier's law. Temperature & pressure
dependence of heat conductivity, Thermal conductivity of — gases, hguids & solids. Effective

thermal conductivity of composite solids, Convective iransport of energy.
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Shell energy balances and temperature distribnations in solids & laminas flow : Shell energy
balances — houndary cenditions. Heal conduction with heat sources like, clectrigal, nuclear,
viscous, and chemical, Heat conduction through a compesite wall, ina cooling fin.

Temperature distributions : Unsteady heat conduction in solids. Steady hest conduction in laminar,
incompressible flow, Boundary layer theory of non isothermal flow. Time smoathed equations for
incompressible nen isothermal flow. Time smoothed temperature profile near a wall Empirical
expressions for heat flux, temperature distribution for webulent flow in tubes & jers. Fourier

analysis of energy transport. Analogy of interphage transport with momentum transport, (12 Hrs)

Unit 3 2 )

Diffusivity and the mechanism of mass transpart | Definitions of concentrations, velotities, mass
flow. Fick's law, Temperature & pressure dependence of diffusivities, Diffusion in pases at low
density, in binary lquids, & in colloidal suspensions, Mass & molar franspont by convection, The
Maxwell - Stefan equations.

Congentration distribution in zalids & in laminar flow : Shell mass halances. Boundary conditions,
diffusion through & stagnant film, with 2 homogenous and a heterogeneons chemical reaction.
Diffusion into & falling liquid film — gas absorption & salid distribution (diffusion & chemical
seaction-ingide a parous catalysth

Concentration distribution © Time dependent diffusion, steady - state transport in binary houndary
layers. Steady — state boundary layer theory for flow around ebjects, concentiation fluctuations &
the time smoothed oqnmt'raﬁnn. Time - smoothing of the cq{mt':nn of continnity. Semi -

empirieal expressions: for the turbulent mass flux, Enhancement of mass wansfer by a 17 order

reaction. Anglogy of interphase transport with momentum and ensrgy transport. (12 Hrs)

Practical Work

Minimum eight experiments, based on the syllabus, should be conducted during the course and
record (Joumal) for the same shall be submitted, At least four experiments be based on the lopic
of momentum transport, at least tvo experiments be based on the topic of energy transport and &t
Jeast two experiments be based on (he topic of mass transport.

The practical examination chall consist of performing an experiment based on the practical wark
done during the course, the record of the experiments submitted by the candidate and viva-vooe
hased on the syllabus,
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" Supgested List of Experiments: The experiment be based on
1. Newton's low of viscosity. 2, Shell momentum belances on flow through cireular pipes.

3, Shell momentum balances on flow thiough annular pipes. 4. The equations of changs for

isothermal svstems. 5. Time dependent flow of Mewtonian fluids. 6. Interphase transpert in
isothermal systems. 7. Estimation of viscous loss.
&. Temperature and pressure dependence of heat conductivity. 9. Shell energy balances in solids.
10, Shell energy belances in laminar flow. 11, Unsteady heat conduction in solids.
12, Fick's law. 13 Diffusion into a stagnant liquid film. 14, DifTusion in a falling liquid film.

15. Enhancement of mass transfer

Reference Books:

1. Transpori Phenomena, BB, Bird, W.E. Stewart, EN. Lightfoot, John Wiley & Sons Ine.

2. Analysis of Transport Phenomena, WM. Deen, Oxford University Press.

3. Momentum, Heat and Mass Transport, C.0. Benett, LE. Meyers, MeGraw Hill Publication,

Mote: For paper setter{s) for setting of question paper(z} for the theory examination to be
conducted by University: )

l. Weightage o the question to be asked be based on number of teaching hours allotted 10 exch
topic / wnit. )

2. Tetal of 03 {five) questions maximum, be asked per section of the paper, out of which students

©are sxpected to answer S solve any three questions., :

1. Questions be of 2 maximum 15/ 18 marks each, to &dd up to maximum 50 marks per seﬂim?.

4. (uestions of maximum 16/ 18 marks are expected for teaching n.f'@, 04 hrs of a topic. The
question be & full question of 16/18 marks or have sub-guestions (o make a full question of
1618 marks.

5. There be o minimum of one and a maximum of two question on each topic £ unit,

6. @a0% of the questions to be set be based on the theory, @40% be based on numerical solving

and (@20% be based on dervation(s).
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4903. Biochemical Engineering.
One Theory Paper : 100 marks. Duratien : 03 Hours.

Mote
The approximate number of teaching hours required to cover the syllabus on the topics given

below is given at the end of the topic. Mumerical he worked out as per the requirement of the topic.

Unit 1:
Intraduction 1o Biochemical Engineering, structure of cells imporiant cell types, RMA and DMNA,
the building blocks, proteins from amine acids, (06Hrs)

Unit2:

Kinetics of Enzyme Catalyzed Reactions, The enzyme substrate complex and enzyme action,
Michaelis Menten Kinetics, simple enzyme kineties with one and two substrates, determination of
elemnentary step rate constants, substrate sctivation and inhikition, multiple substrate modulation
seactions, modulation and regulation of enzyme activity, effect of temperature and pH on enzyme

activity, enzyme deactivation, (10Hrs)

TUnit3:

Immobilized Tnzyme Technology. Enzyme immobilization, immohilization of enzyme in

industrial processes, utilization and regeneration of cofactars, immobilized enzyme kinetics.

Enzyme Metabolism. Carbon catabolism, the TCA cyele. Biosynthesis, transport across cell

membranes, passive and facilitated diffusion, active transport, metabolic organization &
reguletion. End produets of metabolism. Fermulation, appiics-ltluns-& chacacterization  of

immohilized cell biocatalysts, (10Hzs)

Unit 4 2
Ideal Feactors for Kinetic Measurements, ideal batch reactor, ideal continuons flow stired tank

reactar, Monod growth kinetics, growth eycle phase for batch cultivation. (004Hrs)

-10 -
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Tnit 5 :
Design and Analysis of Biological Reactors, batch reactors, enzyme catalyzed reactions in CSTR,
CSTR reactors with recyele and wall growih, the ideal plug flow whbular reactor.  Sterilization

reactors, bateh & continuous sterilization. (04Hrs)

Unit & :
Fermentation Technology, Medium formuolation, aseptic and  aerchic fermentetion  process,
aliernate bioreacior configurations, product recovery trains, commercial enzymes, wnfibictics,

single cell protein in fermentation industries. (06Irs)

ltefercnce Books :

1. Bigchemical Engineering Fundamentals, J. F. Bailey and D F. Ollis, MeGraw-Hill Bk Co.

2. Biothemical Enginesring, Shuichi Aiba, E-H. Arthur &’ F.0 Mancy, University of Tokyo
Press. ;

3. Principles of Fermentation Technology  P.F.Btnbury, A. '-.’-"hitak,.':!:& 3. 1, Hall, Aditva
Books{FyLid, Mew Delhi

Mate: Far paper setter(s) for setting of question paper(s) for the thl:t:l'j.’ examination to be

conducted by University: .
. Weightage to the question to be asked be based on number of teaching hours allotted 10 each

topic S unit

(%)

. Total of 03 (five) questions maximum, be asked per seetion of the paper, out of which students

are expected to answer / solve any three questions.

Lad

. Questions be of a maximum 16/ 18 marks each, to add up to meimum 50 marks per section.
4, Questions of maximum 16/ 18 marks are expected for teaching of @ 04 hrs of a topie. The
question be a full question of 16/18 marks or have sub-questions 1o make a full question of
16/18 marks.

5, There be a minimum of one and a maximum of two question on each topic / unil,

- 11 -
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4904, Elective I : Industrial Piping.

Cne Theary Paper @ 100 marks. Dwration - 03 Hours.

Muote :
The approximate number of teaching hours required 1o cover the syllabus on the topics given
below is given at the end of the topic, Mumerical be worked out 28 per the requirement of the tapic.

Tinit 1

Impartance of piping in chemical indusley, Pipes & Tubing, Classification of pipes, Pipe codes and
specification, Pipe sizing, Schedule numbers, BWG, MPS, Desirable propertics of piping materials,
materials for low, noemal & high temperature services, materials for corrosion resistance, Basic
energy equation for flow, caloulation of frictional lnsses, pressure drop for Mewtonian & Man-

Mewtonian fluids. Caleulation of pipe diameter, thickness, equivalent lengths, ete, single liquid

* lines, single gas & vapor lmles1 MNPSH. (08Hrs)

Tnit 2 2

Pipe fitlings their advantages & disadvantages. Criteria for selection of pipe joims, pipe joints for
similar and dissimilar material, valves expansion effects and methods for reducing them. Safety
valves & other pressure relieving deviees. Caleolation of frictional losses, pressure drop for

Mewtonian & Mon-Newtonian fluids, (06 Hrs)
Unit 3 :

Piping layout piping diegrams, standasd symbols & notaticns, types & design of pipe support,
erection and maintenance of supperting, restraining and bracing systems. Fundamental
considerations in pipe vibrations, types of vibrations, their prevention and contrel. Protection of

pipe system such as cathode protection, painting, etc. (06 Hes)

Unit 4:

Pipeline design on fluid dynamics, Complex pipelines in series and parallel. Pipeline storage
capacity. Piping design for two phase fow, dispersed flow. Slurry pipeline — design parameters,
slurry, theology for homogeneous & heterogencous shurries. Piping & components as gas expands
— isothermal flow, adiabatic fow. (08 Hrs)

-12 -
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" Unit5:
Design of pipeline for transportation of crude ofl & for natural gas. Design of pipes in sea water.
Empirical correlations for fow of oil, gascline, hydrocarbons. Piping for cryopenic materials.
Piping arrangements and factors considered in heat exchanger piping, reactor piping, process &

storage vessel piping, reboiler piping, piping for compressor & pumps, utility piping.(08 Hrs)

Unit 6

Insulation for piping systems. Purpose of insulation, Insulation materials, their selection eriteria,
their important properties. Principles of heat trangfer to the extent of application to heat lossigain
through bare pipe surfaces. Crifical thickness of insulation, estimoting thickness of insulation,

eptitnum thickness of insulation, {06 Hrs)
Reference Books @

1. Piping Design for process plants by H, F. Rese, John Wiley.

2. Process piping systems, ed” D 1 Deutsch, Chemical Engineering Magarine. MeGraw Hill.
3. Indlustrial Piping by Littleton T, MeCGraw Hill.

4, Frocess Design of Equipments, Dr, §.10. Dawande, Central Techna Publications.

5, Handbook of Piping Design, G.K. Sahu, Mew Age Intemational Publisher,

6. Proeess Piping Design Vol | and 2, . Weaver, Gulf Publishing.-

Note: For paper setter(s) for setting of question paper(s) for the theory examination lo be
conducted by University:

1. Weightage to the question to be asked be based on number of teaching hﬂurﬁ allotted to each
lopie / unit,

2. Total of 05 (five) questions maximum, be asked per section of the paper, out of which students
are expected to answer [ solve any three questions.

3. Questions be of & maximum 16/ 18 marks each, to add up to maximum 50 marks per section.

4. Questions of maximm 16 / | 8 marks are expected for teaching of (@ 04 hrs of a topic. The
question be a full question of 16/18 marks or have sub-guestions to make a full question of
16718 marks.

4 There be a minimum of one and a maximum of two question on each topic /unit,

6. @40% of the questions to be set be based on the theery, @40% be based on numerical salving
and (@20% be based on derivation{s)-

- 13-
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1138
4904, Elective 1 : FOOD TECHNOLOGY.

Cine Theory Paper ; 100 marks. Diuraticn ¢ 03 Thers.

Mote :
The approximate number of teaching hours required to cover the syllabus on the topics given

below is given al the end of the topic, Numerics| be waorked out as per the requirement of the topic,

Unit 1:

Introduction & general aspests of foed industry, World food needs and Indian siJ:us;{ﬁ:m. Current
status of various food products like food grains, cersals, dairy, edible oil, fruils, vegetables and
beverages. Current status of the Indian agriculture, food and food processing industry, Market
apportunities for the Indian processed food industry. Food constituents, quality and deteriorative
faetors, Constituents of foods, quality and nuiritive aspects, foad additives; standards, deterioralive
factors and their Control. Physical, chemical, biclogical, nutritional, sensory characteristics of

fond. (08 Hrs}

Unit 2 :

Post harvesting operations and storage. Storage of solid foods. Cleaning {wet & dry), sorting by
shape, size, color, weight, prading and peeling. Equipment for storage of solid foeds. Contrelled
atmospheric storage of food grains, vegetables and fruits, (06 Hrs) =

Unit 3 :

Processing of food productsigrains like cereal grains, pulses, vegetables, fruits, spices, fats & oils,

bakery, confectionary, & chocolate products. Theory of size reduction equipments & effect of size
reduction on foods, Evaporation, extrusion, het air dehydration, baking, roasting and hot ail frying.
Theery, equipments, applications and elfects on food materials for freezing, freese drying and

freaze concentration. (08 Hrs}

Unit 4 2 _
Processing of fruils [ur manufacture of jums, jellies, pickles, squashes, eic. ‘Processing of soft &
aleoholic heverapes, dairy products, meat, poultry and fish products. Prescrvatives used in food

processing. (06 Hrs)

- 14 -



B.E. Final Year Chemical Engineering

Unit 5 :
Food Preservation methods. Conversion and preservation operaticns. Preservation by heat and
cold, dehydration, concentration, frying, irradiation, microwave heating, sterilization &

pasteunzation, fermentation & pickling. (06 Hrs)

Unit 6 ¢ )

Post processing operations. Coaling & enrobing operations, equipments and applications. Packing
methods. Theory of food packaging, types of packing materizls, Packaging operations, filing &
sealing of rigid and semi-rigid containers. Materials for handling food ftems. Pollution and it's

control in feod industries. (06 Hrs)

Reference Books :

|. Fundamentals of Food Processing Operations, 1 L. Hied and M, A. Joslyn, AVI Publishing Co.

Z. Food Science, M. Pouer, 1H. Hotchkiss, CBS Publishers & [istributors, M. Delhi.

3. Food Processing Engineering, D R, Heldman, A1 Publishing Co.

4, The Fundamenta]s.of Food Engineering, 5. E. ;:Zharm, AN] Publishing Co,

5. K. Sharma, et al, Food Process Engineering, Theory and Laboratory Exf:-uimems, Tohn %Wiley &
Sons,

6. 3. Subbulaxmi & 3.4 Udipi, foed Processing & Preservation, New Age International Pvi Lid,

Muote: For paper setter(s) for setting of question paper(s) for the theory examination 1o be
conducted by University:

1. Weightage to the question to be asked be based on number of teaching hours allotted to each
topic / unit, ) )

2. Total of 05 {five) questions maximurm, be asked per section of the paper, out of which studemts
are expected to answer [ solve eny (hroe questions,

3. Questions be of a maximum 16 7 18 marks each, to add up to maximum 50 marks per section.

4, Questions of maximom 16/ L& marks are expected for teaching of (@ 04 hrs of a topic. The
question be a full question of 16/18 marks or have sub-questions to make a full question of
1618 marks.

5. There be a minimum of one and a maximum of two question on cach topic / unit.

- 15 -
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1428
4904, Elective I : Energy Engineering,

Cne Theory Paper @ 100 marks. Duration = 03 Hours,

Mote

The approximate number of teaching hours required 1o caver the syllabus on the topics given
below is given at the end of the topie, Mumericel be worked out as per (he requirement of the topic.
Unit1: : '

Energy resources of India and its current stas. Conventional Vs Mon-Conventional (Rencwable)

ENErpy SOUrces. Availability and utilization of energy TEsoUrEes, viz frewaoed, coal, petralenm,

aaseous fuels, hydel, nuclear fuel, solar &1c, Congept of energy conversion. Energy conservation
et of India (20017, Co-generation concept and scope. Strategy for energy development in India,
problems and prospects of centralized and decentralized patterns, Environmental effects of energy
nse, Thermodynamic concepis © Energy efficiency indices, Bureau (04 Hrs}

Unit 2

Solar energy storage and utilization, Thermedynamic and heat wransfer aspect of sular cnergy
collection. Solar collectors & concentrators their heat transfer analysis and performance, Solar
devices like water heaters, stills, dryers, stills, photo-vollaic cells, ete.

Wind energy & its historical imporance, “Wind energy for water pumping. Scope of wind power
generation in India. Design of wind machines. (08 Hrz)

Unit 3 :

Biomass wilization & conversion, Scops of hiogas as a large scale energy SOURCE. Sodio- econormic

importance of biogas production & utilization. Principles of biogas praduction, bmh}glnnl:l

mechanism, effect of temperature, gus composition, produst purification. Storage and use if kiogas.
Residue composition & wilizatien. Design & construction of biogas plants. {04 Hrs)
Tidal & wave cnergy its scope. Tidal phenomenon & generalion of ]ﬁcrmr from the ceean. {02 Hrs)
Basics of Geothermal energy, MNuclear encrgy, Hydrogen power, Bisdiesel, and other renewghle
sources of energy. (02 Hra)
Unit 4 2

Analysis of energy rocovery systems. Study of energy recovery systems like recuperator,
regenerator, thermal wheels, heat pipes, heat pumnps, heat exchangers, wasle heal hoilers,
ahsorbers, coolers, cte.
Care gencm::cm of energy. Ad.van.tng,es of co-generation. Differcnt 1ypes of co-generation power

plants, Co-generation in typical chemical :n:lus.mes like sugar, pulp & paper, elc, (&)

- 16 -
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CUnit5:

Efficient steam generation, fluidized bed boilers, Efficient use of steam condensate, steam & gas
co-generation, Heat exchanger network synthesis. Process heat recovery. Energy performance
assessment of heat exchanger, water pumps, ete, Energy conservation in ensrgy intensive chemical
& process industries like pulp & paper, sugar, cement, ferlilizer, ete. {08 Hrs)

Uit & =

Irtroduction o energy audit. Definition, need, types of energy audit. Methodology & steps taken,
energy performance, Matching energy use to requirement, targel setling, reduction in losses,
improvements in operations. Optimizing the input energy requirement. Energy efficient process

£

technologies. Imvestments for resources development cost and  efficiencies, Concept - of

comprehensive energy conservation and planning. (18 Hrs)

Refercnce Books 3
1. Energy Conservation Handbook, P.L. Diwakar Rao, Utility Publications Ltd.

2. Energy Technology Handboak, C. Denglas, MeCraw Hill Publication.

1. Solar Energy, 5.P Sukhatre, Tata MeGraw Hill Publication.

4, Wind energy Conservation Systems, L.L. Freris, Prentice Hall publication.

5. Wind Power, I M Simmons, Meyes Data Corporation

&. Solat Energy, Principles of Thermal Collection and Storage, 5 P Sukhatme, Tana Melraw H1ll
7. Muelear Power, 1 ] Duderstadt -

& Water Power Plants, E Mosinye,

Maote: For paper setter(s) for setting of question paper(s} for the theory examination to bz
condueted by University:

1. Weightage to the question t be asked be based on number of teaching hours allotted 1o cach
topic £ rnit,

2. Tetal of 05 (five) questions maximum, be asked per section of the paper, out of which studenis
are expected to answer / solve any three questions.

1. Questions be of a maximum 16/ 18 marks each, to add up to maximum 50 marks per section,

&, Questions of maximem 16 (18 marks are expected for teaching of (@ 04 hrs of a topic. The
guestion be a full guestion of 16/13 murks w live sub-questions-to make a full guestion of
16018 marks. )

5. There be a minimum of one and a maximum of two question on each topic / unit.

&. The questions to be set be based on the theory, on numerical solving & on derivation(s).

g
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s d

I¢)37
4005, Elective IT 1 Peirochemical Engineering.

Ome Theory Paper : 100 marks. Croration = 05 Howrs.

Mote ©
The epproximate number of teaching hours required o cover the syllabus on {he topics piven
below iz given at the end of the topic Mumerical be worked out as per the requirement of the topic,

Tmit 1:

Omigin, formation, and composition of petroleum & nanral gas, Resorves d& deposits of the world
and in India. Types of crude & Indian crude types. Introduction to petrochemicals & petrochemical
industry in India. Basic raw material for petrochemical synthesis and their sources, Preparation of
feedstock for petrochemical production, main building blocks of petrochemical industry. (06 Hes)

Unit2:
Characteristics of petrochemical manufacture &  techniques involved. Maphtha cracking,

alkylation's, iscmerisation and polymerization 10 produce petrochemicals. Petrochemicals and
their applications, Classification aof petrochemicals according to source : Ethylene derivatives,
Propylene derivatives, Derivatives af €4 hydrocarbons, Derivatives of higher paraffin's,
Polymers of Olefins & Plastics, Petroleum aramatics. Ecoromic aspects of petroghemical indusiry
in India. (06 Hrs)

‘Unit 3 :

Chemicals from methanol & synthesis gas like formaldehyde, carbon-di-sulfide, hydrogen cyanide,

ote, Chemicals from cthane, eihylened acetylens like synihetic ethancl, glycnls, acids, acetates, -

ketones, amines, ete. Chemicals from propans & propylene like isopropanol, acetone, glyeerol,
glycols, ete, Chemicals from bulanes, pentanes like butadiene, butanel amines, butyl acetate,
methy! ethyl ketone, ete. (08 Hrs)

Unit 4 : ) .

Chemicals from  amomatics like mono-chlero & dicchlorn henzene, BHC, nitrobenzene,
nitrotoulene, - pihalic  anbydride, terepthalic  acid & dimethyl teraphthalate, adipic acid,
hexamethylene diamine; maleic enhydride, cte. (08 Hrs)

Unit 5 :
Polymers : Diffesent types of polymerization techniques like bulk, emulsion, suspension,

engineerng and special types of polymers ele. Al lcast twa different types of polymeric products
& their manufacture from each of the different types of ]'.ln.l}nnerjzﬂl:inn techniques. (06 Hrs)
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it i :
cuture of petrochemicals. Matural gas as & petrochemical feed stock, Integrated petrochemical

complex, with power peneration, pollution control = norms and metheds of elimination, brief
description on safety consideralions, Energy erisis and petrochemical industry, Treads in

petrochemical industry. (06 Hes)

Heference Books @

. Petroleum Refining Engineering, W. L. Melson, MeGraw Hill Book Cu..

Pétroleumn Refining and Petrochemicals, MK, Sinha, Umesh Puh]ic.atiluns, Deelhi.

The Petroleum Chemicals Industry, R, F. Goldstein, (E & FI¥ London, 1967).

Chemical Technology of Petroleum, W. 5. Gruese and Dr. Stevens, MeGraw Hill, 1960.
Chemicals From Petroleum, A [ Waddams, Chemical Publishing Ca.

Petrolewm Processing Hand Book, W. F. Bland and R. L. Davidson,

Petroleum Processing Part-2, A, Chauvee and G. Lefebure, Gulf Publishing Cc‘mll?aﬂ}'r 19846,

Muodern Petroleum Refining Processes, B. K. Bhaskara Rao, Khanna Publishers, M. Delhi.

A Text on Peirochemicals, B, K. Bhaskara Rao, Khanna F‘ubllshm Mew Delhi,

1I:I Diryden's Cutlines of Chemical Technology, M. Gopal Tao, M. Sittig, East-West Press Put.
Lad. o :

11. Shreve's chemical Process Industries, G.T. Austin, MeGraw Hill Bek Co,

N

Mote: For paper setter(s) for setting of guestion paper(s) for the theory examination ta be
conducted by University:

1. Weightage to the question to be asked be based on number of teaching hours allotizd w_ear,h
lopde S unit,

2, Total of 05 (fve) guestivns maximum, be asked per section of thc.].:na.pnr, out of which students
wre expected o answer / selve any three questions.

3, Questions be of @ maximum 16 ¢ 1§-marks eech, to add up to maximum 50 marks per section.

4, Questions of maximum 16/ 18 marks are expected for teaching of @ 04 hrs of 2 topic. The
question be a full question of 16/18 marks or have sub-guestions 1o make a full question of
16/18 marks.

5. There be 4 minimum of one and & maximum of two question on each topic / unit,
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¥513%
4905, Eletive I1 : Polymer Seience and Engineering.

One Theory Paper | 100 marks. Duration : 03 Hours,

Mote
The approzimate number of teaching hours required to cover the syllabus on the topics given

below is given at the end of the topic. Mumerical be worked out a3 per the requirernet of the wopic.
Unit1:

Introduction 1o polymers. Dasic concepts of polymer chemisiry and mechanism of polymer
formation, Classification of polymers. Functionality, chemical bending in polymers, types of
polymerization, structure of polymers. Lingar, branch, and cross linked polymers. Thermosets &

thermoplastics. Stercoisomerisms, (06 Tirs)

Umit 2 5

Properties of Polymers, molecular weight, weight average, number average, ete. Polydispersity
index, methods of determination. Factors influencing polymer properties. Effect of molecular
weight an engineering properties of polymers. Crystallinily in polymers, transition in polymers,
rheclogy in polymers, analysis & testing of polymers, polymer solubility parwmeter, polymer
degradation. (08 Hrs) .

TUnit 3¢

Mechanism of polymerization. Addition & condensation. Free radical . Hunmgmtms. fonic and . -

coordination. Copolymerisation. Bulk, Sclution, Suspension, Emulsion, Interfacial types of

palymerization their desipn criteria & comparison. (06 Hrs)

Unitd:
Kinetics of free madical polymerization. Chain transfer agents, Kinetics of step growth
polymerization. Kinetics of copolymersation & coordination polymerization. Polymer reaclions.

(06 Hrz)

Unit5:

Processing of polymers, Different melding methods - Injection melding, Blow melding,
Compression molding, Extrusion molding, Siush molding, Casting, Spinning, Couling aml
Compeunding. (08 Hrs)
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Unit & :

Brief description of individual polymers, their manufacture & production processes. Polyethylens,
Polypropylene, Vinyls, Nylons, ABC polymers, Acrylics and Fluoro carbon polymers, Palyethers,
Polyamides, Aldehydes. Condensation polymers, Polymers based on isocyanate reactions and

Silicones. Thermoset polymers. (08 Hrs)

Reference Books :
1. Text Book of Pelymer Science, FW. Billmeyer Ir, John Wiley & Sons,
. Principles of Polymer System, F. Rodrigues, Tata MeGraw Hill Publishing Co. Ltd.

Bl

3. Fundamental Prineiples of Polymers Matesials, 5.1, Rosen, Wiley Interscience Publications,
. Palymer Science, V.R. Gowariker, NV, Visvanathan, J. Sridhar Mew Age International (F) L.

Y

5, Introduction to Polyiner Science and Technelogy, Dy, 8.1 Dawande, Denett & Ca,
&, Polymer Science & Technology, LR, Fried, Prentice Hall of India.

Mote: For paper setter(s) for setting of question paper{z) for the theory examination to be
conducted by University:

1. Weightage to the question to be asked be based on number of teaching hours allotted o each
topie £ wnit, . )

2. Tonal of 03 (five) questions maximum, be asked per section of the paper, out of which students
are expected 1o answer / solve any three questions.

3. Questions he of a meximum 16/ 18 marks each, to add up to maximum 50 marks per section.

4. Questions of meximum 16 ¢ 18 marks are expected for teaching of (@ 04 hrs of a topic. The
question be a full question of 16/18 marks or have sub-guestions to make a full question of
16/18% marks. .

5. There be a minimum of eng and & maximum of two guestion on each topic / unit.

fi. The questions 1o be set be based on the theory and on numerical solving,
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FLTE S
4905, Elective T1 : Computer Aided Design.

One Theary Paper @ 100 marks. Duration : 03 Hours,

Note
The approximate number of teaching hours required 1o eover the syllabus on the topics given
below is given at the end of the topic. Mumerical be worked out as per the requirement of the topic.

Unit 1

Introduction and basics of computer aided design (CADY. Physical properties of compounds.
Thermodynamic properties of gases and binary mixtures. Viscosily, vapor pressure, latent heat,
bubble point and dew point caleulations. Phage equilibria, vapor liquid equilibriz. {1 0 Hrs)

Unit 2 ¢
Computer aided design of reactors, evaporators, absorption columns, distillation columns, heat

exchangers, furnaces and other chemical engineering equipments. (10 hes)

Tnit 3 : .
Frocess flow sheet simulation, Process and information, matrix. Reeycle calculation sequence.
Material and energy halance computation using modular appma;:h. Process analysis, Process

variables their selection. Equipment selection. (10 Hrs}

Unit 4 :
Introduction to simulation packages. Dynamic simulaiion of reactars, evaporalors, ahsorplion
columns, distillation  columns, heat exchangers, lurnoces ond  other chemical engineering

equipments. (10 Hrs)

Reference Books :

1. Computer Aided Design and Manufacturing, M.F. Groover, E,%W. Timmers, Prentice Hall of
India Ltd. '

2. Material and Energy Balancs Computations, E.J. Henley, F M. Rusen, John Wiley.

3. Fundamentals and Madeling of Separation Frocesses, C.0. Holland, Prentice Hall.

4. Design of Equilibrium Stage Processes, B.I. Smith, McGraw Hill Book Co.
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5. Process Flow Sheeting, AW Wester Berg, Cambridge University Press,

&. Chemical Process Simulation, A, Chussain, Wiley Eastern.

Mute: For paper setter(s) for setting of question paper(s) for the theory examination to be
conducted by University

1. Weightage to the question to be asked be bused on number of teaching hours eliotted o each
lepie { wnit,

2, Total of 03 (five) questions maximum, be asked per section of the paper, out of which students
are expected o answer / solve any three questions.

1. Queslions be of & maximum 16 / 1§ marks cach, to add up to maximum 50 marks per stelion.

4. Questions of maximum 16 /18 marks are expected for teaching of (@ 04 hrs of a topie, The
question be a full question of 16/18 marks or have sub-questions 1o meke a full question of
16/18 marks.

5, There be & minimum of one and & maximum of two question on each mpiﬂ-": unit.

&. The questions 1o be set be based on the theary, on numerical solving and on derivationis).

4806, In-plant Training Scminar.

Term Work ; 50 marks,

The students are required to submit a typed report and present & seminar on the industrial in-plant
training (duration 4 to 6 weeks), they have undertaken at the end of Znd semester of third year in
the presence of students and stafl members, The term work will be assessed by two university

approved intemnal examiners appeinted by the Prineipal of the college.
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EYEY
4807, Seminar,

Term Work 1 50 marks,

The stodent will be assigned a topic in the field of chemical engineering or allied fields, The
students are exp-::r.ed to search, callect and compile information (literature) on the lopic assigned
10 them. One staff member will supervise the work of fhe stucent. Term work shall consist of a
typed rmrd io he submitted by the student, of the work done during the term. The student will
have to present a seminar on the topic in the presence of stafl members and students.

The term work will be assessed by the twe university approved internal examiners appointed by
the Principal of the college one ol whom will e histher supervisor & the other a staff member of

the concermed branch.

4508, Project Part = I.
Term Work : 50 marks,

The project work is training in chemical engineering practice. The knowledpe gained by studying
various subjects separately is utilized for a single task. The project trains to co- -ordinate the
knowledge of chemical engineering principles assimilated over the period of course study and
about forty sebjects. This is an exerciss in litcraturs survey, peport writing and team work, The
project report reflects on the devotion of students twwards work and single mindedness of
apprc--ach. -

A proup of 2-3 students will have to work on 2 topic assigned 1o them, The topic could be on Plant
Design, Design of specific equipment, Process Development ete related to chemical enginesring.
One staff member will supervise the work of the students. The projeet work may invelve-
experimental! theoretical/computational work,

A preliminary report 32 o be submitted containing the details of literature survey, data collected,
outlines of design and digwing, equipments, fabrication, cost estimation & project feasibility.

The term work will be-assessed by two university approved internal examiners appeinted by e
Principal of the college, one of whom will be his guide & the other a staff member of the

concerned branch.
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4909, Process Modeling and Simulation.

One Theory Paper : 100 marks. Druration : 03 Hours.
Prectical Examination : 50 marks. ) . Dration : 04 Hours,
Maote :

The approximaete number of teaching hours required 10 cover the syllabus on the topics given

below is given al the end of the topic. Mumerical be worked out as per the requirement of the topic.

Unit 1 :

Inteoduction 1o Modeling & Simulation, Definitions, different types of ‘models, applications of
modeling, seope of coverage. Approaches 1o simulation, design problems Vs simulution problems,
information flow disgram in modeling, CAD peckege in Chemical Engg — Thermodynamic &

physical properties package, module library, numerical routines library, costing, ete. (04Hrs)

Unit 2 :

tathematical Models their classification (deterministic Vs stochastic, linear Vs nonlinear, lumged
Vs distributed parameter, dynamic Vs steady state eto with examples), Mode! building and
procedure for steady state & unsteady state models in mass transfer operations, heat transfer

eperations, fluid flow operations, reaction engincering. (06Hrs)
Unit 3:

Fundamental laws and their applications — Equation of continuity, equation of maotion, equation of
energy, equation of state, equation of transport, phase & chemical equilibrivm, chemical kinetics,

eie. (04Hrs)

Solutions to systems of non-lingar algehruic equations, Newton’s & successive substitution, Euler

& Runge-Kutta method, Models of difference, Applications in chemicel engg operations. (06 Hrs)

Lnit @

Modeling and simulation of heat transfer & other equipments like DPHE, S&THE, cvaporators,

agitated vessels, mixing processes, fuid-solid cperations, pressure change equipments ete. (06Hr=)
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P

Unit 5

Madeling and simulation of mass transfer equipments used in flash distillation, continwous binary
distillation, tray & packed column, vaporizers, single & multi phase separation, drying, adserption,

absorption & stripping. (08Hrs)
Unit 62

Modeling and simulation of reaction equipments like batch reactor, mixed flow reactor, plug Qow
reactor, trickle hed Teactor, bubble eolumn reactor, packed column reactor, fluid bed reactor,
kioreactor, enc, (06Hrs)

Introduction to commetcially available simulation package, Hysis, Hysis-Aspen, Simulink,

Simusolve ect.

Practical Work :
The practical work shall consist of at least 08 medeling ¢ simulation problems based on the
syliabus,

The practical examination shall consist af an vive-vooe based on the syllabus and the term work.

Reference Books :

I. Process Modeling, Simulation, and Control for Chem}ca] Engine;,rs, W L. Luwyben, MeGraw
Hill Pub. Ca. )

2, Process Plant Simuiuliul.l;-BJl.l’. Diabu, Oxford University Press,

3. Process Modeling & Simulation, R.W. Gaikwad, D, IDhirendra, Denett & Co.

4, Fundamentals & Modeling of Separation Processes, C 1. Halland, Prentice Hall Ine., New
Jerscy. . )

5. Chemical Plant Simulation, Crowe, Heimlich, Heffman, .Tul-u::mn.. % [Tannou and Woods,
mchzster University Publication.

&, Separation Process Principles, 1 D Seder and Henley

Note: For paper setter(s) for seting of question paper(s) for the theory examination to be
conducted by University:
1. Weightage to the question Lo be asked be based on number af teaching hours allotted 1o each

topic /! unit.
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2. Total of 05 (five) questions maximum, be asked per section of the paper, out of which students
are expected to answer / solve any three questions.

3. Questions be of a maximum 16 / 18 marks each, to add up to maximum 50 marks per section.

4. Questions of maximum 16 / 18 marks are expected for teaching of @ 04 hrs of a topic. The
question be a full question of 16/18 marks or have sub-questions to make a full question of
16/18 marks.

5. There be a minimum of one and a maximum of two question. on each topic / unit.

6. The questions to be set be based on the theory, on numerical solving and on derivation(s).
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P
4910, Industrial Pollution and Control.

One Theary Paper : 100 mazks. Twration : 03 Hours.
Practical Exarnination : 50 marks. Duration : 04 Hours,

Maote :

The approximate number of teaching hours required to cover the svllabus on the topics given
below is given at the end of the topic. Mumerical be worked out as per the requirement of the topic.
Unit 1.

Introduction : Definition of pollution, importance of environmental pollution, it's causes & it's
control, Types of Follution, Concept of scological balance. Role of hydrological and nutrient
cycles uf. envivonment.  Pollution control asprats, Environmental legislation & rogulations -
Water Act (1974}, Air Aet (1981), Environmental Act {1986) Industrial emissions their spurces
and Tndian standards. Waste characterizaticn & pollution parameters. Pollution control aspects in
chemical industries. (06 Hrs)

Unit 2.

Air polintants : Definition of air polfutants, types of air pollutants. Classification, sources, &
methods of identifying air pollutants. Their effects on bumans & the environment, their threshold
limits, Acid rain, greenhouse effect, ozone depletion, global warming. Meteorologieal factors

influencing air pollution, plume hehavior & dilution, estimation of plume rise, dispersion

equations, stack height calculations, Gaussian plume model.  Air pollution  sampling &

measurement — Ambient air, stack sampling. (08 Hrs}

Unit 3.

Air pollution control : Air pollution conteal methadolegy. Types & reasons for using Air pellution
contral equipments, their advantages, disadvantages & their applications. Equipments like gravity
gettlers, inertial separators, cyelones, bag filters, electrostatic précipitators, serebbers, ete, methods
of control for gaseous pellutants like 50y, Ny, HCN, Organic vapors, automobile exhausts, cle.
Choice of equipment. (08 Hrs)
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Unit 4.

Water pollution © Classification, sources. Effects of water poliution on humans & the envirenment.
Eutrophication. Sampling, measurements, & standards of water quality, Hardness, Alkalinity,
Turbidity, Suspended solids, MLSS, MLVSS, 8VI, Dissolved oxygen, BOD, COD, TOC, el

Dissolved oxypen depletion, Matural asration. (04 Hrs)

Unit 5.

Effluent water trestment : Pretreatment, Sereening, Scdimentation, Settling, Grit chambers,
Lagoons & Stabilization ponds. Floatation, Floceulation, Chemical coagulation.

Primary treatment — Fqualization, neutralization, settling tanks & their sizing. Secondary treatment
~ Theory of aeration, oxidation ditch, trickling filters, mechanical aerators, rotating biclogical
centactors, fluid bed contactors, activated sludge process, acration lanks, Tertiary treatment -
Advanced methods for suspended solids & dissolved szlts (Reverse csmosis, Electro dialysis, ete),
chemical oxidation methods, chlerination. Methods of recovery of value from effluent treatment,

sludge handling & disposal. Effluent (wasie) water reclamation & reuse. (U8 Hrs}

Unit 6.

Moise pollution @ IUs effect on humans & environment. Measurements & comirol in general
surroundings & in industries. (01 Hrs) .

Solids refuse (waste) like plastics, nuclear & hazardous materials their management, (01 Hrs)

Pollution & it's control in chemical industries like pulp & paper, fertilizer plants, alcohol,

petroleum refineries, petrochemical units, ete. Methods of remowval of phenols, mercury, '

chromium, emmonia, ete, (06 Hrs)

Practleal Work :

Minimum eight experiments, based on the syllabus, should be conducted during the course and
record {Journal) for the same shall be submitted.

The practical examination shall consist of performing an experiment hased on the practical work
done dusing the course, the record of the experiments submitied by the candidate and viva-voce

based on the syllabus.
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2K f;g.

Suggested List of Experiments: The experiment be based on
Measurement of pH, Velatile matter, Total solids, Hardness, Alkalinity, Dissolved oxygen, BOD,

0D, Chlarides, Turbidity.

Reference Books: )
1. Air pallution control -P. Pratap Mouli & N, Venkata Subbaya, Divya Iyoti Prakazhan, Jodhpur .

3. Air Pallution, MM, Rao, HV.N. Rao, Tata McGraw — Hill Publishing Ca.
3. Fundamentals of air pollution control -3term. Academic Press.

4 Industrial Water Pollution Control, W, W Eckenfelder,Jr., McGraw — Hill Baook Co.

5. Waste Water Treatment, M, M. Rao & A. K Datta, IBH Pub., New Delhi.

6. Pellution control in Process Industries, 3.7, Mahajan. Tata MeGraw-Hill Pub. Co. Ltd, N.Delhi.

7 Introduction o wasle water treatment -R. 8. Ramhalhe, Academic Press, Mew York.

&, Waste Water Enpineéring: Treatmment Disposal Reuse, Metealf & Eddy, Inc, Tata Mo Graw Tl

9. Environmental Pollution Control Engineering, C.5. rao, Mew Age International (F) Publishers.

10. Sewage Disposal & Air pollution Engincering, 5. Garg, R. Garg, Khanna Publishers,N. Delhi

Naote: For paper setter(s) for setting of gquestion paper{s) for the 1hcv.-:rg.r examination to be
conducted by University:

1. Weightage (o the question to be asked be hased on number of teaching hours allotted 1o each

topic/ unit

2. Total of 05 (Fve) questicns maximum, be asked per section of the paper, out of which students

are expected 1o answer [ solve any three guestions, )

3, Questions be of a maximum 16 /1% marks cach, to add up to maximum 50 marks per section.

4. Questions of maximum 16/ 18 marks are expected for teaching of @ 04 hrs of a topic, The
question be a full question of 16/18 marks or have sub-questions to make a full question of
16/18 marks. ) '

5. There be a minimuny of one and a maximum of fwo question on each lopie ! u.ni.t.

6. ([@40% of the questions to be sel be based on the theory, {@40% be based on numetical solving

and @20% be based on derivation(s).
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4911, Industrial Safety. :
One Theory Paper @ 100 marks. Draration : 03 Hours,

Mote :
The approximate number of teacﬁing hours required to cover the syllabus on the fopics given
below is given at the end of the topic, Numerical be worked out as per the requirement of the topic.

Unit 1:

Safety management © Principles & practices, need for safety, definitions. Types of accidents &
damages. Role of safety considerations in chemical plam design & cperations, Raole of
government, safety organization, management and trade unions in promeling industrial safety.

Safety education and training. (06 Hrs)
Unit 2 :

Safety and law 1 The Factories Act 1948 & Factories Rule 1963. safety related provisions, ESI &
Waorkmen Compensation Act and roles. [ndien Boiler Act & regulations. Explosive Act, Petrolenm
Act, Gas Cylinder Rules, SMPY Rules, MSIHC Rules, Safety, and muintenance. (U8 Hes)

Unit 3 :

Towicology & Industrial Mygiene @ Industrial health hazards, Chemical hazards, dangercus

properties of chemical dust, pases, fumes, mist, vapors & smoke their threshold limit value (TLV).

Typical texing and their biclogical effects. Route of ingestion to and elimination from biological
systems. Toxicology parameters, their definitions & cuiline of the measurement methods,
Industrial hygiene — povernment regulations, conteol methods, subititution, isolatiun wet method,
ete. loeal exhaust ventilution, personal hygiene. Evaluation of expasure to toxicants & its impact,
Risk assessment & anelvsis, Minimization of hazards, Personal Protective Equipment (FPE). Meed
far PPE, selection, standard, supply, use, care & maintenance of respiratory & non respiratory
PEE. (08 Hr=)

Unit 4 :
Machine safeguarding, principles, ergonomics, types of guards. Manual handling & storage af
materials. Mechanical handling of materials. Hand tools & portable toals. Safety at work station &
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plant layout. Safety & house keeping: Industrial lighting. Ventilation & heat control, Meise &
wibratien. Quality control in safety. (08 Hrs) .

Unit 3:

Fires and explosion. The fire triangle. Distinction between fire & explosion, facters contributing 10
fire & explosion, Concept of ignition, ignition energy, auld ignition, fire point and flarnmakility
limits e, explosions —~ various types & conditions for their ceeurrence. Minimum 0xYEen
concentration. Prevention of fires & explosions : inerting, control of static electricity, sprinkler
systems, ventilation, fire fighting systems ete, Slorage and handling of flammable & toxic
materials. Relief types & locations Relief systems — various options & their applications. (08 Hrs)

Unit 6:

Hazards identification, Process hazapds checklists, hazards survey. Hazards and Operability
Studies (HAZOF), HAZAN, Safety reviews ete. Risk assessment. Review of probability theory,
revealed & unrevealed failure, prnl:-nbdht:.r of coincidence, event trees & [awlt trees. Tackling
disasters, plan for emergency, emergency shutdown systems. Leaming from gceidents, Methods of
investigating & diagnosing. Case study of well known secidents like Bhopal gas tragedy,
Chemobyl nuelear disaster ete. (08 Hrs)

Reference Books:

1. Loss Prevention in Process Industries, Yal: L& 2, F. Lees, Butterworth.

7. Chemical Hazards and Safety, Dr. S.0. Dawande, Denett & Co.

3. Chem Tech =1, . Venkateshwarlu, 8, Chand & Ca Lud,

4, Factories Act |98,

5. Handhook of Fire Technology, R.S. Gupta, Crrignt [:.-ngman

6. Chemical Process Safety Fundamentals with Applications, Y. Crowl, LF, Louvar, Preatice
Hall ' '

7. Industrial Safety/Safety Management, K.G. Iefislry

8. I.ndusmal Hazards & Safety Handbook, BOW, King, 1. Magid, Butterworth.

9. Expl-:rsn:rn Hazards and Evalualmrn, W E. Baker, Elsevier, Amsterdam.

10, Workman Compensation Act 1923,

Nate: For paper seltes(s) for setting of question paper(s) for fhe theory exarnination to be
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I B conducted by University:
i 1. Weightage to the question to be asked be based on number of teaching hours allotted to each
' . topic / unit.
2. Total of 05 (ﬁv.e) questions maximum, be asked per section of the paper, out of which students
are expected to answer / solve any three questions.
. 3. Questions be of a maximum 16 / 18 marks each, to add up to maximum 50 marks per section.
4. Questions of maximum 16 / 18 marks are expected for teaching of @.04 hrs of a topic. The
question be a full question of 16/18 marks or have sub-questions to make a full question of
16/18 marks.

5. There be a minimum of one and a maximum of two question on.each topic / unit.
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e

=238

4912, Elective 111 1 Optimization in Chemical Engineering,
Oine Theary Paper : 100 marks. ) Diwration : 03 Hours.

Mote ¢
The approximate number of teaching hours required to cover the syllabus on the topics given

telow is given at the end of the topic. Munsericel be worked out as per the requirement of the topic.

It is expected that the case studies of problems in chemical engineering should be emphasized.
Tnitl :

Introdustion, seope, and concept of optimization. The nature and arganization of oplimization
problems, formulation of chjective functions in chemical engineering. Optimization problems in

fluid flow, heat exchangers, reactors, s_eparation chains, imventory control ste. (04 Hrs)
Unitl:

Analytical methods for unconstrained single variable eperalion. Methods of optimum point search
and applications. Numerical methods - Mewlon's, Quasi - Newtdn, Secant, Region elimination,
ete. Application of these methods 1o chemical engincering operation like fuid flow, heat exchange,

mass transfer, reactors, processes ete, (08 Hrs)
Unie 3 :

Analytical methods for uncenstrained mult variable optimization. Mumerical methods — Direct
{Univariate search, Conjugate divections search) & indirect methods (Gradient, Conjugate gradient,
Mewton etc). Application to chernical enpineering operations. Constrained aptima. Equality

constraints. Inequalily censtraints. (08 Hrs)

Umit 4 :
Linear pregramming and applications. Graphical solution, Simplex method, Duality & duel

simplex, Integer programming. Non-Linear programming, Geometric programming. {08 Hrs)

Unit 5 ¢
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Dypamic programuning, Discrete & continvous dynemic programming and s appheatons,
Caleulus method of solution, Tabulation method of solution. Variational methods, Multi stage

optimization. (04 Hrs)

Unit & :
Applications to inventory control, extraction & solvenl recovery sysiems, condenser design,
distillation, complex chemical equilibria, transportation problems, assignment problems and arcas

of chemical engineering operation. {08 Hrs)

Reference Books:

1. Optimization Theory and Practice, G.5.G, Beveridge, R.5. Schechter, MeGraw Hi_]] Baok Ca.

2. Oprimization of Chemical Processes, T.F, Edgar, [nM. Himmelblau, MeGraw Hill Book Co.

1. Optimization — Theory and its Application, 5.R.Rao.

4. Formulation and Optimization of mathematical model, C.L. Smith et al Futernational Text Book
5. Theary and Problems of Operations Research, R. Bronson, Schaums outline Series.

Mote: For paper setter(s) for setting of question paper(s) for the theory examination o be
conducted by University: )
I, Weightage to the gquestion to be asked be based on number of teaching hours allotled to each

topic £ unit.

2. Total of 05 (five) questions maximum, be asked per section of the paper, out of which students .

are expected 1o answer / solve any three questions,

3, Questions be of & maxinum 16/ 18 marks each, to add up to maximum 50 marks per section.

4, Questions of maximum 167 18 marks are expected for 1eaching ﬂ."'@ (4 hrs of a topie. THE
question be a full question of 16/18 marks or have sub-questions to make & full question of
16/1% marks.

5. There be a minimum of one and a maximum of two question an each topic / unit.

6. ({140% of the questions (o be set be based on the theory, @40% e based on numerical solving
and @20% be based on derivation(s).
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4912, Elective I11 : Catalysis.

COme Theory Paper @ 100 marks. Dupation : 03 Hours,

Mote :
The approximate number of teaching hours required to cover the syllabus on the topies given
helow is given at the end of the topic. Mumerical be worked out as per the requirement of the topic.

Uit 12

Introduction to catalysis. Homogeneous catalysis and heterogeneous catalysis. Phase transfer and
iri — phase catalysis. Liguid — liquid and solid — liquid catalysis, mechanism, engineering

probiems, mass transfer considerations and reactor types. (08 Hrs)

Unit2:
Gas — solid catalylic reactions. Adsorption theories and cancept of active site, Adsorplion isptherm

and Langmuir - Hinselwood approach. Diffusion effect. (06 Hrs)

Unit 3 : )
Applications to industrial processes — one example each from inorganic, prganic, fine organic

chemical, petroleum relining, petrochemical and biochemical industries. (06 1)

Uit 4 :
Preparation of catalysts. Major steps invalved in the preparation of catalysts and their formation.
physical methods of catalyst characterization [or determination of surface area, pore volwme and

average pore size. The BET equatien. Suppaorted metal and smetal exide catalyst, (06 Hrs)
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Unit 5
Zeolites — Stuctural considerations. Templeted molecular sieves, size and shape, Selectivity and
medification of zeolites. Industrial applications of zeolites (at least 6. {06 Hrs)

Unit 6:

Biceatalysts — enzymes, lipases and micrebes as catalyst, Mechanism of participation of enzymes
in typical reactions. Michaelis — Menten kinetics, inhibition, Reactions and denaturizing of two
biopolymers, proteins and nucleic acids. Some industrial reactions, (08 Hrs)

Reference Books:

1. Chemical Engineering Kinetics, LM. Smith, MeGraw Hill Publications.

2, Biochemical Engineering Fundamentals, J.E. Baileey, DF, Ollis MeGraw Hill Publications.

3, Heterogeneous Catelysis on Industrial Practices, CM, Saterfield, MeGraw Hill Publications.

4, Chemnical and Catalytic Beaction Engineering, J.J. Cacberry, MeGraw Hill Publications.

5, Enzyme Engineering, L.B. Wingard, Fr. InterScience, )

Mate: For paper setter(s) for serting of question paper(s) for the theory examination 1o be

conducted by Liniversity:

. Weightage to the questicn to be asked be based on number of teathing hours allotted to each

topie S unil.

3

. Total of 05 {five) questions maximum, be asked per section uflhE‘]:lﬂ'[.‘rﬁI. out of which students
are expected W answer [ solve any three questions.

3 Questions be of o maximum 16 ¢ 18 marks each, to add up o ma.x;imum 50 marks per section.

4._ Questions of maximum 16/ 18 marks ane expected for teaching of @ 04 hrs of & topic. The
question be o full guestion of 16/18 marks or have sub-questions 1o make a full question of
16/18 marks. ’

. There be a minimum of one and & maximum of two question on each topie / unit.

. (@0% of the questions Lo be set be based on the theery, @40% be based on numerical solving
and [@20% be based on derivation(s).

on N
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X as

4912, Elective [T 1 Advanced Scparation Process.
One Theory Paper 1 100 marks. Duration : 03 Hours.

Mote :
The approximate number of teaching hotrs required to cover the syllabus on the topics given
below is given at the end of the topie. Mumerical be worked out as per the requirement of the topic,

Umit 1:

Charecteristics of separation pmr:l:ss:-s. General  principles  imvolved. Temperature swing
adzorption (TSA), pressure swing adsorption (PSA). Liquid chromatography process — basic
concepts, phenomene and their charagterization. Chromatography options, separalion syslems.
Characleristics of solids and their sclection for various applications. Column design & filling.
Applications of chromatography. (08 Hrs) . '

Unit 2 :
Membsane separation processes. Principle, classification, types of membranes, their characteristic

and properties. Concentration polarization and fouling. Membrans transport models, Membrane

pracesses like reverse osmosis, ultra-fltration, micro-filtration, dialysis, electro-dialysis ete.

Applications of membrane processes. (08 Hrs)

Unit3:
Reactive separations. Separntion based on reversihle chemical c.urhplf:x formation. lon exchange.

Reactive distillation, reactive extraction, reactive coystallization. (06 Hrs)

Unit 4:

Bubble and foam separation, Foam formation, collapse and dreinage. Adsorption properties of
foams, modes of apeeation of foam. Equipments for foam sepatation. Principle of froth flnatation,
properties of foam related 1o flodtation operation. Design and development of floatation

equipment. Applications of foam separation process. (08 Hrs]
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Unit 5 :
Zone electrophoresis. Zone refining. Malecular sieves, Adductive erystallization, Applications of

these processes. (06 Hr)

Unit &z
Ulira centrifugation. Electrie Geld and magnetic field separations. Recoil meihods. Exchange
reactions. Nanoteehnology for separations. Applications of these processcs. (06 Hrs)

Reference Books :

1. Separation Processes, C.1 King, Tata ~McGraw Hill Pulilishing Co.

2. Separztion Techniques for Chemicsl Engineers, Schweitzer, MelGraw Hill Publishing Co.
4. Reverse Osmosis, §. Sowri Rajan, Logos Press Lid.

4, Membrane Hand Book, K. Sirkar, H.0. Winston, Yan Mostrand Reinhold.

5. Separation Methods, M. Sasteri, Himaluya Publishing House,

&, Mass Transfer Operations, B.E Treybal, MeGraw Hill Publishing Co.

7 Chemical Enpineers Hand Book, BLEL Perry, C.H. Chilton, MeGraw Hill Publishing Co.

Mote: For paper setter(s) for setting of question paper(g) for the theory examination to be
conducted by University: .

1. Weightage to the question to be gsked be based on number of teaching hours alletted 10 cach
topic £ unit.

3 Totel of 05 (five) questions maximum, be asked per section of the paper, out of which students
are expected to answer ( solve any three guestions.

3. Questions be of a maximum 16/ 18 marks cach, to add up to mukimum 50 marks per section.

4. Questions of maximum 16/ 18 marks aré expecled for teaching of @ 04 lus of a topic. The
question be a full question of 16718 marks or have sub-guestions 1o make a full question of
16/18 marks,

& There be & minimum of one and a maximum of two question on each topic /unit,

6. The questions to be set be based on the theory, on numerical solving and on derivation(s).
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35/28
4913. Project — II.

Term Work : 50 marks. Practical Examination : 100 marks.

A group of 2-3 students who have been assigned a topic in Project -I will complete the details of
the calculations, design & drawing of equipments, fabrication details, cost estimation & project
feasibility etc. v

The group will have to submit a detailed typed & bound report of the work done, in Project -I and
Project II, combined together.

The Practical examination shall consist of a viva-voce based on the project work completed in

Part-I and Part-1I by the candidate.
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