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Course Syllabus Revised
BEC — 11A | Network Analysis and Synthesis 2019-20

BEC — 15A | Solid State Devices and Circuits
BEC — 27A | Analog Integrated Circuit

BEC — 41A | VLSI Design =

| BEC - 43A | Wireless Communication

BEC - 54A | Advanced Semiconductor

BEC — 58A | Fundamental of Sateliite

BEC — 68A | Neural Network

BEC — 29A | Electonics Measurement and

—

| Instrumentation
BEC - 42A | Digital Signal Processing
| New Course Proposed _
BOE — 25 | Industrial Instrumentation 2019-20
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DEPARTMENT OF CHEMICAL ENGINEERING
MADAN MOHAN MALAVIYA UNIVERSITY OF TECHNOLOGY
GORAKHPUR

Minutes of meeting of Board of Studies of Chemical Engineering
Department, M.M.M. University of Technology, Gorakhpur held in the
office of Head, at 10:00 AM on 15/09/2018

The Following were present: -

i.  Dr. Vitthal L Gole Chairman

2. Dr. Ravi Shankar Internal Member
3. Dr Prateek Khare Internal Member
4, Drlyoti Internal Member
5. Prof. P.K. Mishra External Member

The following decisions were taken:

1. The syllabii for B. Tech, Second and third Year, Chemical Engineering, even
semester was finalized.

2. The syliabi of department elective course for B. Tech, third Year, Chemical
Engineering, even semester was finalized.

3. Department elective course for B. Tech, third Year, Chemical Engineering, even
semester was finalized.

4. The Course structure for fourth year (sessions 2018-20, odd and even semester)
was discussed.

5. NPTEL courses as a department elective course for B. Tech, third Year, Chemical
Engineering, odd semester was finalized.

The meeting ended with thanks to the chairman.

g
(Dr. Vitthal L. Gole)

S - HCHED

Copy to: -

Dean U.G. Studies and Entrepreneurship

Bﬁg\ﬁ"‘ &
{Dr. Vitthal L. Gole)
HCHED
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CHEMICAL ENGINEERING DEPARTMENT
M. M. M. UNIVERSITY OF TECHNGLOGY

GORAKHPUR

Overall Credit Structure for B.Tech. Programme

~ Credit Courses

:| Undergraduate Core i Ly

L ndergiraduate Electives iL/E)

Category Viin. Category Min.
credits | s credits
| Basic Sciences &Maths (BSM) 36 Program Electives (PE) 15
| Engincering Fundamentals (EF}) | 24 {ipen Electives [(QE] (Qther Departments) 3
Department Lore | LIC) | 78 Humanities & Social Science Electives 3
e | (HSSE) .
| Manngement (M) b
| Humanities & Social Science 4
Core (HSSC). | i
| Project (P) 10| ) :
Total 158 | Total | 22
Grand Total | 180
. | | == (min.]
e Audit Conrses ) o
Audit Courses (Other Departiments) 16
o {min. !
~ Seminar 3 |
- Industrinl/Practical Training (IT} Iy = |
Grand Total | 20
— G {min.)
Credit Structure ofB. Tech. Chemical Engineering
with Specialization in Sugar and Alcohol Technology
Category Semesters I [0 11 [ IV [ V] VI [ VI ] vl | Toal
Hasic _Sciences &Maths -_!-_'._:;1_-"-11 14 | 14 g - - | - - 37
| Engineering Fundamentals (EF1 gz | 6 i 5 - E | | IE 25
| Departmant Core (ERC) = - 0 13 | 18 | 20 ] S 78 |
| Management (M) = = )| L () = - I G & |
Humanities & Social Science L re 4 | - | - - - - - 4 |
{HSS | ) :
Project (P1 - -1 -1 - - i S 3 | 1w |
_Progeam Electives {PE} - ! = T - - 4 4 . ) 16|
| Open Electives (OE] [ - - - - - - - 4 4|
| Humanities & Social Science Electives | - | 3 | - e e T - 3
(HSSE) B - . o | B =
I {25023 24 [ 22 J21] 24 | 22 | 32 j/ 183
T
_____.-". _.-?,‘. |
\y” = W\




Freshman Year, Semester-1

W

\(\q\\

S.N. Cau--un | Pajur Code | Subject L | T |P | Credit
_]__ BSM BAas4] "Engineering Mathematics-1 . 3 | 1 _:L__- 1
L2 L BAS-02 Enpineering Frysies! 3 |i ==

3. BSM BAS-13 ipplied Enzineering Chem stry 312 5
HEE EF _: ~ BEE-01 l_'-'||';|:~'es of Electrical Engineering 3] 1 . 2 5
JL 5, HS%C BAS-03 Professional Communication 3 1] 0 i
6. EF BCE-10  Encinerring Ciraphics iw o 21 2 |
7. AC it ‘-Il!‘-_p::ct I
i = = == Total | 15 5 10 25
Freshman Year, Semester-IT
" S.N. | Categuis | Fuper Code | Suljject L | T | P | Credit
1. | BSM BAS-07 Engineering Mathematics-11 ER I 0 4
2 BSM BAS-E Engineering Physics-11 3 [ 3 5
| gl BSM fias0n | Engineering Chemlstry_ 3t [2] 5
| 4. IF BCS-01 Introduction to Compriter s u—.-nm i (2 11 |2 I 4
|5__ HSSE BAS-*# Humanities and Social Science | _r.hwes i L 1 . 0 | 3
| 6. EF BME-10 | Workshor Technology 0 0 4 2
[7. | AC Audit Subjes T | =
= | Totat | 13 5 10 13
Sophomore Year, Semester-111
| S.N. | Category | Paper Code Suluiect_ Lo | Credit
1. BSM | BAS31 | Advanced Mathemiiics & Siatistics 5|1 ]0f 4

2. BSM BCT-11 Senian| Engineering Fluid Mechanics = 3 [ e A 5
: 3.: EF BCT-12 Materials in Chemical Enpineer.tic 3 -l_.-'_ 4 _i

4. DC BCT-13 Chemical Engineering Process 31110 4

| | Calculations (ll 11
5. bDC HCT-14 Chemical Engineering Mechanical 5 =1=ir2T ]
I Ll eations
6. EF BAS-20 | Communleition Skills To [a] 2
7. AC BEE-16 | Flectromechanical Energy conversion 3 1| 2 5
— Total 18| 6 |1 29
_Sophomore Year, Semester-IV
!. S.N. | Cateuury Paper Code | Subject || L | T | P | Credit [

. | M MBA-0l |Industrial Manizement T2]1 o] 3 |

2. DC BCT-15 Trantport Phenomena < T = 4

En Dc | BCT.16 | Sumrjechmoloy 13 .1 .0 4
4 | _DC BCT-17  ‘leat Transfer Operation B 311121 5 |

5. i I BCT-18 Chemical Engineering Thermodynamics- 3 1 | [ 4

]
| 6. EF BEE-20 =umnuation Techniques Fotio 5=
7 AL BME-26 Energy Management 51 [[o] o4
) Total | F¥] 6 | 6 | 126
A;"M\\‘b = (e
—s1?



Junior Year, Semester-V

_§.N. Category | Paper Code  Subject L_i__ P '_;_Credit_
LEE M MBA-02 Engineer|iry and Manageria! oo nomics 2 1 0 3
[ 2. DC BUT-24 | Ulemical Technology 3 | 1 Ji[o 4
| 3. DC BCT27 | Mass Transfer-] 3 [ 1 | O § |
|4, DC BCT-28 | Supsr Production T3 1 1214 5
. DC BCT-25 Chiemicz) | --.g!neering Thermodynamics- i3 142 e
[1
I 6. AC | BCE-2i Environmental Iimpact Assessment X 1 0 4
Management
. | _ Total 17 6 | 4 25
Note: The stedent is required to complete 10 days industrial traitfnu |2 Stgar lndust-les after V Semester.
Junior Year, Semester-V1
"S.N. | Category | Paper Code = Subject L|T|P Credi
.| bc | BCT31 | Alcohol Technolo. s 31 2] 3
2. || bC BCT-32  Mass Transfer-1l L [[E 5
| DC BCT-33 * Process Dynamics, . animz ik M3 TIHEI: 5
Instrumentation |
"4 L | BCT-34  Chemical Reaction Exjisciiiiz T3 | ]_j 2 5
"5, [ PEI BCT-** | Drugmm Elective-! ) y [1 [[o| 4
| 6. AC | BCT-30  Seminar I =
| [ — ' ol 155 |5 | 3
Note: The student is required to complete 50-65 days industrial training in Process Industries sfler V| Seimester
and both training will be evaluated in Semester V1I.
Senior Year, Semester-VI1
"S.N. | Categury | Pauer Cide  Subject L | T | P | Credit
I | o _ BCT-4]  Process Equipment Clthiss _3 | . 30 _i
3. DC BCT-42 Enerp» Resources & Ay ications ] i a| 4
3. DC BCT-43 Chemicel Control in Sugal'_lTl-a.-lT 3 "“I__T 4 |
4 PE2 BCT-**  lrogram Elective-2 — ST o 2 |
5. 7P | uct-40 | ProjectPartl [0 o] 5 |
6_- T AC | BCT45 ;lndustriaI/Practical Trainin ] | - _|
Total | 12| 4 [12] 22
Senior Year, Semester-VIII LI
S.N. [ & ategory.i Paper Code  Subject | L ! I | P | Credit !
i1 DC BCT-46 | Chemical Enginesi i Desizn | 3 11 . 2] S _|
2. PE3 BCT-## Preggzsiin Elnctive-] 3 | 0 4
3. PE4 gCT- I Program Elective-4 3 _1__0_ 4
4. OE HOE-** | Open Elective T3 ilo A
5. | P BCTS0 | ProjectPart-ll Tolo ol 5 |
= Totall| 121 4 [12] 22
g \
N
L(/ a\ef\\ t
N
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Humanities & Social Science Electives

S.N. Paper Subject
Code

BAS-12 : Industrial P choliir
BAS-13 | Industrial Sociolongy

L% e

Prerequisite

BAS-11 :ijman Values & Professional Ethics

Subject

L T P | Credit

[

[N

§

0| 3
ol 3
0] 3

Engineering Fundamentals & Department Core (Chemical Engineering with Specialization in

Sugar and Alcohol Technologv)

S.N. Paper | Subject

Prerequisite I

L | T | P | Credits
Code Subject
; | Year-1 1 - _. .I
| 1. | BET-01 | Appliesl Enginesving Clemistes - 3 1 0| 4
| Year-I1 ) |
2. BCT-11 | Chemical Enf’mem 1 F]uld Mechamcs - 3L 2 5
3. | BCT-12 | Matenali in Chemical Ergim eeunc - 3 1 0 4 I
BCT-13  Chemical Engineering Process 3.1 0 4 |
[ Calculations [
5. | BCT-i4 | Chemical Engineering Mechanical - 311 | 5
| _ Operations | (- |
6. | BCT-15 Transport Phenomena = 301 ¢ 4
7. | BCT-16 | SLow Technolos: ; 3| 10| 4
f. | RCT-17 L.Hsat-'l irisFer Ciperiitlin - 3 1 2_ 5
9. i BCT—]S Chemical EnffmeenncT Thermodynamics-1 - 31110 4
=i Year-lil
10. | BCT-26 | Chemical Technology E 31100 4
11. I BCT-27 | Mass Transfer-1 - 3 1 0 4
12. | BCT-28 Su ar Production = - | 3 ] 2 5
3. | 8BCT-29 | CEemica F.'.||..'.'.'.ngThermodynalmcs -1l 1_ - i = ! =25
“14. | BCT-31 | Alcohol Techno]ogy - [3 ]t ]2 .- 5
15. | BCT-32 | Mass Transfer-II BCT-27 |3 | L[| 2] 5
16. BCT-33 | Process Dynamics, Control & - 3|1 2] s
Instrumentation
1.  BCT-34  Chemical Reaction Engineering [ - 301 2 Bi5
Yimr-1h | I |
1 BCT=40 | Prdject ok - 0§ 0 F10Jii 5
19.  BCT-41 Process Eil |.rentl CHiEn - f 381142 5
il | BCT-42 Enewy Resoulces&Apphcatlons - 3 110 . 4 -
21. BCT-43  Chemical Contro! in Sugar Plant || - 311104 4
22. | BCT-45  Industrial/Practical Training - i 0_ 0 2_ 1
23, BCT-46  Chemical Engineering Design - 3 =2 5
24. | BCT-50  Twiect Part-l] BCT-40 0 0 /10| 5

\ £\

8
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Program Electives (Chemical Engineering)

R

S.N. Paper Subject Prerequisite | L | T | P | Credits
Code Subject I |
| | PE-1|V} Semester) B i | ii
L | BCT-31 | Progess Fnegrasion - 31 Tol 4 |
2. Bolt-4 Pipine L--:tl g = 3 1 |0 4
3, BCT-53 | Satmmicel L'"1I:|T\- o [-\I""r'nﬂn - 3 1 0 4 |
4. BCT-34 | Process Fluw Sheet 5lirulatich - 3 o 4
5. | BCI-55 | Food Technoliy: - 5110 4
PE-2 1V]l Semester| I
1. BCT-61 | Fertilizer Technaiog - E b 4
2 | BME-£2 | Nuclear Engineering - L3 b 4
1 BUT-63 | Comptntionat Fluid Elyrlamics - I3y110.:— & |
4. BCT-55 | Total iy Manmpesmziit BCT11 W3 ] 1 L0, 4
_ PE-3 & PE-4 i VIII Semester) |
1. BCT-71 | Heterogeneous Catalysis & Multiphase BCT34 3 (1 | O 4
_ Resctor Dedlin | | 3
2. BCT-72 | Petroleum Englneering - : T ) 4
-3, BCT-73 | Polumezr Science & Technalags 1 i i 4
4. BCT-74 Optimization Techniques in Chemical - SHITE O il
e PEX I‘1" |II"t_|_IL - 3 8 —
5. BCT-75 | = sl Ization & Quality Assurance in - 3 (1 0 4
| Chemwpeal Indusrrs { | i |
| 6. BCT-76 | Indluitrial Safery & Hasurd Mannsimimt - 3 )1 1.0 4
|| 7. BAS-22 | Nano Technoelog: = 2t 9 3
| & BCT-77 | Prijject Enginesritg & hassgamwnl = 3 1110 4
| & | BCT-78 | Biogteces Engiheering Printigies - 3 o=
{ 10 B T-79 | Nuclear Reactor Techinoloss - 3 il 4
NPTEL copusfes hsE jg aEbbgtied (‘qS Arl> UOJHL I
Audit Courses for B. Tech. (Chemical Engineering) Students
S.N. | Paper Subject Prerequisite L T | P | Credits
| Code Subjeet |
i ! Year-1 e
.| BAS-04 | Environmental Chemiiliy - T (T 4
- BAsS | Environment & Ecoloxy - r 3
3. A0 Fundamentady of Minchanical Engineering - 301 1 .
4, BME-03 | Munufsttering Frocemes 3 351400 ]
5. BEC-0I Fussan roiialy ef Eloctronics Enginenting - 0 [ 5
6. BAS-06 =i« Sciences - 25 ] G 3 1
Year-I1 )
1. | BME-$6 | Energy Managément - B 4
21 BEE-16 | Flemromeciinnienl Engrgy Conversion - 3 400 ]2 A
| 3. 4 BEE-15_| Introduction to Mii” roprilinane - 3 A2 5
4. MAS-109 | Foreign Lang: «+-French - £ 1 e
3 I MAS | Foreign Lan mgiisie-German - el 3
6. I MAS-111 | Fabwigh Letigiszs-Spanish - 2 JiEE gy 3
Year-1I1 = il
1. BCS-73 | Neura! Network & Fuszy 5 ulamm = 3 {110 4
2. BCE-21 | Environmental Impact Assessment & - 3 ] 0 4 '
! | Manszement ]
3. | BCS-15 | Pepabase Mapigement System - 3 5

fﬁ\,‘,i,;-fﬁ')



BCT-11: CHEMICAL ENGINEERING FLUID MECHANICS

Course Category :Departmental Core (DC)

Pre-requisite Subject :NIL

Contact hours/week :Lecture: 3, Tutorial:1, Practical: 2

No of Credits :5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test, one major theory
and practical test.

Course Outcome Students are expected to:

o apply basics equation to fluid flow operations

o understand compressible, incompressible fluids and
liquid mixing

o understand fluid flow measurement device and
calculations of pressure drop in pipelines

o select device for pumping of fluids

Syllabus

UNIT 1: Fluid Flow Basics
Fluid flow phenomena, T'ypes of fluids, Basic equations of fluid flow: Macroscopic momentum
balance, Macroscopic balance in potential flow: Bernoulli theorem and its application.

[9 Lectures]

UNIT 2: Compressible and Incompressible Fluids
Flow of incompressible fluids in pipes and closed channels, Process of compressible fluids,
Liquid Mixing: Types of mixing patterns, mixing mechanism and mixing equipment’s.

[9 Lectures]

UNIT 3: Fluid Flow Measurements

Measurement of Pressure Devices, Fluid flow measurement using Pitot tube, orifice meter,
nozzle, venturimeter, variable area meters, notch or weir. ultrasonic flowmeters. Calculation of
Pressure Drop in a Pipe, Minor Losses in Fittings. Concept of hydrodynamic boundary layer,

growth over a flat plate, different thickness of boundary layer, types of fluidization.
[9 Lectures]

UNIT 4: Pumping of Fluids

Hydraulic pumps: Positive Displacement Pumps, Reciprocating Pumps, Rotary Pumps and
Screw Pumps. Centrifugal Pumps, Characteristic Curves of Centrifugal Pumps, NPSIL
Centrifugal pumps verses Reciprocating pumps pump losses and Efficiencies, Multistage

pumps, Work and power Input. [9 Lectures]
Books
I. McCabe W., Smith J.. “Unit Operations of Chemical Engineering”, 7" Pdit1011,
MecGraw Hill Education (2017). }/

%\3\\% Y /
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2. Gupta V., Gupta S. K., “Fluid Mechanics and its Applications”, Wiley Eastern, New

Delhi (1984).

3. Shames L. H.. “Mechanics of Fluids™. 4™ Edition, McGraw-Hill, Inc (2002)
4. Coulson J. M., Richardson J. F., “Chemical Engineering: Volume-1”, 4% Edition,

Pergamon Press (1990).

5. Jain A. K., “Fluid Mechanics including Hydraulic Machines”, Khanna Publishers,

Delhi (2007).

6. Geankoplis C. 1., “Transport Processes and Unit Operations”, 4™ Edition, Prentice-Hall

Inc (2004).

7. Pritchard P. J., Mitchell J. W.. ‘Fox and McDonald's Introduction to Fluid Mechanics’,

9% Edition, Wiley (2015).

CHEMICAL ENGINEERING FLUID MECHANICS LAB

Lh B L) R —

10.

11.
12.

To find the flow rate using a V notch.

To find the friction losses in a Straight and bend pipe.

Study of Pipe fittings and Valves.

To study the Reynolds apparatus and verify experimentally.

To study the working principle of a reciprocating pump and to determine the percentage
of ship.

To study the working principle of a centrifugal pump and determine its efficiency
experimentally.

To find out the flow profile of water from hook’s gauge and determination of coefficient
of velocity, coefficient of discharge, coefficient of resistance, coefficient of contraction.
To determine the pressure drop in a packed bed by Leva’s and Ergun’s equation and verify
experimentally.

To determine the minimum fluidization velocity in a fluidized/tapered fluidized bed and
verify experimentally.

Determinntion of discharge coefficient with Reynolds Number in case of an orifice meter
and a venturi meter.

Study and verification of the flow pattern in a Bernoulli’s apparatus.

Determination of the mixing, fluidization and segregation index of the given sample of
bed materials in a fluidized bed.

-
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BCT-12: MATERIALS IN CHEMICAL ENGINEERING

Course Category : Departmental Core (DC)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3, Tutorial: 1, Practical: 0

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory test.

Course Qutcome Students are expected to:

o Select materials for design and construction.

o understand the different metals and their altoys

o understand characterization/ analytical techniques
for the nano/micro structures

o understand typical engineering materials like glass.

ceramics eic

Syllabus

UNIT 1: Introduction and basic principals

Introduction to materials and their principie properties, structure property relationships in
materials, ASTM methods for property determination, testing of materials, destructive and
nondestructive tests, structure of atom and chemical bonds, crystal structures and their
influence on material properties, deformation and slip processes. [9 Lectures]

UNIT 2: Metals and their alloys
Iron— Carbon diagram, Ferrous and nonferrous alloys, mild steel, special steels, stainless steels,

brasses, aluminum alloys and titanium alloys, high and low temperature material, insulation,
refractories. Heat Treatments: Methods for fabrication, rolling, bending, central punching,
riveting, and welding. 19 Lectures]

UNIT 3: Experimental Technigues
Electron Microscopes. scanning electron microscopy (Basics. Principal Elements. working),

transmission electron microscopy (Basics. Principal Elements, working). Scanning probe
microscopes; scanning tunneling microscopy. atomic force microscopy. other kinds of
microscopes; X-ray diffraction, Surface area analyzer, FTIR. [9 Lectures]

UNIT 4: Typical Engineering Materials

Ferrous metals, nonferrous metals and alloys: aluminum, copper, lead. tin, zinc, alloys for high
temperature service, ceramic materials: structure, Polymorphism, mechanical, electrical and
thermal properties of ceramic phase. smart materials, biomaterials, nanomaterials.

ﬁkf [9 Lectures}
1 —
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Books:

1.

Hajra Choudhary S. K. “Material Science and Processes”, Indian Book Distributing Co.
(1982).

Raghavan V., “Material Science and Engineering - A First Course”, 3" Edition, Prentice
Hall: India Pvt. Ltd., New Delhi (1996).

Callister W. D., “Material Science and Engineering: An Introduction”, 7" Edition, John
Wiley & Sons (2006)

Van Vlack, H. L., “Elements of Materials Science”, 2" Edition, Addision-Wesly
Publishing Company, NY (1964)

Gupta R. C., “Principles of Materials Science and Engineering”, Dhanpat Rai & Co.



BCT-13: CHEMICAL ENGINEERING PROCESS CALCULATIONS

Course Category : Departmental Core (DC) 4

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3, Tutorial: 1, Practical: O

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory test.

Course Outeome Students are able to

o perform basic unit conversions and calculations

o perform material and energy balance calculations
without and with chemical reaction

o perform energy balance calculations

o apply material and energy balance calculations to unit
operations

Syllabus

UNIT 1: Mathematical Principles

Dimensions and system of units, Fundamental and derived units, Dimensional consistency,
Dimensional equations, Different ways of expressing units of quantities and physical constant,
Unit conversion and its significance. Calculations for mole, molecular weight, equivalent
weight, etc., Composition of gaseous mixtures, liquid mixtures, solid mixtures, etc., Ideal gas
law & other equations of state and their applications, Dalton law, Raoult’s law, Henry’s law,
Solutions and their properties. [06 Lectures]

UNIT 2: Material Balance for Physical and Chemical Systems

Concept, material balance calculations, recycling and bypassing operations, introduction to
unsteady state processes with examples like batch reactor, accumulation of mert components
clectrochemical reactions, recycling and By-passing Operations.  [12 Lectures]

UNIT 3: Energy Balance

Concept, energy and Thermo chemistry, energy balances, heat capacity of pure substances and
mixtures, latent heats, enthalpy of pure substances and mixtures, absolute enthalpy, heat of
reaction, adiabatic reactions, thermo chemistry of mixing processes, dissolution, liquid-tiquid
mixtures, gas-liquid systems. | = ! {10 Lectures]

UNIT 4: Stoichiometry and Unit Operations

Distillation, humidification, absorption and stripping, extraction and leaching, crystallization.

Psychrometry, drying, evaporation, introduction to stoichiometry and industrial problems.
[08 Lectures}

Books:
1. Bhatt, B. L., Vora, S. M., “Stoichiometry”, A" Edition, Tata McGraw-Hill (2004).
2. Hougen, O. A., Watson, K. M and Ragatz. R. A., “Chemical Process Principles Part-17,
John Wiley and Asia Publishing (1970).

N % |
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. Himmelblau, D. M., “Basic Principles and Calculations in Chemical Engineering”,
Fourth Edition, Prentice Hall Inc. (1982). '

Whitwell J. C., Tone R. K., “Conservation of Mass and Energy ", McGraw-Hill ( 1973).
Process Calculation for Chemical Engineering, Second Revised Edition. Chemical
Engineering Education Development Centre, I.1.T., Madras. 1981.

. Narayanan K. V., Lakshmikutty B., “Stoichiometry and Process Calculations” PHI
Leaming Pvt Ltd., New Delhi (2016).
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BCT-14: CHEMICAL ENGINEERING MECHANICAL OPERATIONS

Course Category . Departmental Core (DC)

Pre-requisite Subject : NIL

Contact hours/week 7 - Lecture: 3, Tutorial:1, Practical. 2

No of Credits 5

Course Assessment : Continuous assessment throngh tutorials, attendance, home

Methods assignments, quizzes and one minor test, one major theory
and practical test.

Course Outcome Students expected to:

o understand properties of particles and the separation
techniques for solid particles

o select suitable equipment for size reduction of solids
and conveying system for transportation of solids

o select suitable type of filter for slurry filtration,
thickeners and clarifiers

o understand concept of fluidization

Syllabus

UNIT I: Screening and size reduction of solids

Properties of solids, Performance of screening equipment/testing sieves, U.S sieve series, Tyler
standard sieve series, sieve shaker, types of screen analysis.Necessity of size reduction,
crushing efficiency, energy requirement calculations by using crushing laws. Classification of
size reduction equipment: Crushers, Grinders, Ultrafine grinders, Cutters. Dry versus wet
grinding. Open and closed-circuit grinding. [09 Lectures]

UNIT 2: Settling, sedimentation and fluidization

Motion of particle in fluid, drag force, drag coefficient. Gravity settling methods, Terminal
falling velocity, Stoke’s law and Newton’s law of settling.Gravity sedimentation operations,
Sedimentation test, Kynch theory, Determination of thickener area and depth of thickener.
Thickeners, Classification, types of classification equipment. [11 Lectures]

UNIT 3: Mixing and agitation

Types of fluidization, fluidized bed systems, determination of minimuin fluidization velocity,
flow through packed bed, applications of fluidized bed.

Flotation cell, magnetic separator, cyclone separator, liquid cyclone, electrostatic separator.
precipitator, scrubbers, fabric filter, mineral jig. [8 Lectures]

UNIT 4: Filtration and Conveying of Solids

Classification of filtration and filters. Theory of filtration-equations. Filter media and filter aids.
Batch and continuous filters. Plate and frame filter press. Storage of solids. characteristics of
bulk solids, Conveyors: Principle, Construction and Workmg Advantages, Disadvantages and

\X L’/Jg\;\‘\\% 17 \\\ﬂ ‘J/ %‘\‘@
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design calculations of Belt Conveyors, Screw conveyors, Chain & Flight conveyors, Bucket

elevators and Pneumatic conveyors.

[8 Lectures]

Books:

1. McCabe W., Smith J., “Unit Operations of Chemical Engineering”, 7% Edition,
MecGraw Hill Education (2017)

2. Coulson & Richardson, “Chemical Engineering: Volume II”, Pergamon Press
(2002)

3. Coulson & Richardson, “Chemical Engineering: Volume [, Pergamon Press
(2002)

MECHANICAL OPERATIONS LAB

[ R N R

(9]

10.
11.
12.

Determination of average particle size of a mixture of particles by sieve analysis.
Study and operation of Jaw crusher and thereby verification of Ritinger’s constant.
Determine the viscosity of fluid in falling ball viscometer.

Determination of the effect of no. of balls on grinding in a Ball mill and comparison of
its eriticalspeed with the operating speed.

To find out enrichment of the coal sample using a froth flotation cell.

Determination of the effectiveness of a vibrating screen.

To find the efficiency of Wilfley Table and the effect of water flow rate on efficiency
of separation.

Study and operation of a Magnetic separator and thereby finding its efficiency of
separation.

Study and operation of a Gyratory Crusher and thereby finding its reduction ratio.

To find the cake and filter medium resistance of Plate and Frame Filter press.

To find the filter medium resistance of a Vacuum Leaf Filters.

To study the principle of a hydro-cyclone and find out the efficiency of separation.



BCT-15: TRANSPORT PHENOMENA

Course Category : Departmental Core (DC)

Pre-requisite Subject : Fluid Mechanics (BCT-11)

Contact hours/week : Lecture: 3, Tutorial:1, Practical: 0

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory test.

Course Qutcome Students are able to

o understand concept of viscosity, thermal conductivity
and diffusivity

o apply shell momentum, heat and mass balances to

chemical engineering problems
o understand concept of interphase momentum, heat

and mass transport

Syllabus

UNIT 1: Momentum Transport

Vectors/Tensors, Newton’s law of viscosity, Temperature, pressure and composition
dependence of viscosity, Kinetic theory of viscosity, Shell momentum balance and its
application, boundary conditions, equatior: of continuity, equation of motion.  [09 Lectures]

UNIT 2: Heat Transport
Fourier’s law of heat conduction, Temperature, pressure and composition dependence of

thermal conductivity, Kinetic theory of thermal conductivity, Shell energy balance, boundary

conditions and its application, equation of motion for forced and free convection.
[09 Lectures]

UNIT 3: Mass Transport
Fick’s law of diffusion, Temperature, pressure and composition dependence of diffusivity,
Kinetic theory of diffusivity, Shell mass balance and its applications. [09 Lectures]

UNIT 4: Interphase Transport

Introduction to the concept of heat and mass transfer coefficients. Interphase mass transfer,
various coefficient of mass transfer and their determination, resistance concept, controlling
phase concept, Mass transfer in turbulent flow, Analogies of mass transfer, Empirical
equations. Theories of mass transfer, two film theory, Higbies penetration theory. Derivation

of flux equation, surface renewal theory. [08 Lectures]

Text Book:

1. Bird R. B., Stewart W.E., Lightfoot E.N., “Transport Phenomena” 2™ Edition, John Wiley & Sons
(2002)

2. Beek W. I, Muttzail K. M. K., Heuven J. W. V., Transport Phenomena., 2 Edition, John Wiley

& Sons (2000) ] /
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3. Plawsky J. L., “Transport Phenomena Fundamentals”, 3™ Edition, Marcel Dekker, New York
(2014)
4. Brodkey R.S., Hershey H.C., “Transport Phenomena: A Unified Approach” McGraw-Hill (1989)



BCT-16: SUGAR TECHNOLOGY

Course Category : Departmental Core (DC)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3, Tutorial: 1, Practical: 0

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory test.

Course Outcome Students are able to

o sugar production

o juice processing and alcoholic beverages

o manufacturing of cabonated beverages and
confectionery

o manufacturing of miscellaneous products from sugar

UNIT I: Sugar Production

Raw Materials: Sugarcane and beet, Manufacture and properties of Granulated and Liquid
sugars, Invert sugar and their characteristics, Specialty products of Sugar Industry, Black strap
Molasses, Sugar production process Energy and material balance. [9 Lectures]

UNIT II: Juice Processing and alcoholic beverages
Extraction of juice, drying, Bagasse, juice purification, Clarification: Lime addition, pH
control, freatment, evaporation, vacuum pans, crystallization, washing of sugar crystals and
centrifugal separation. Sugar: refining, analysis, recovery, balance, energy conservation, plant
sanitation. Technology for Alcoholic Beverages: manufacture of beer, wine and champagne,
quality characteristics for manufacture of distifled beverages: whisky, brandy, rum and gin.

[9 Lectures]

UNIT II: Cabonated Beverages and Confectionery

Carbonated beverages and confectionery: Manufacture, quality aspects, sugar-free, sugar-less
carbonated beverages. Confectionery manufacture: high boiled sweets, Ingredients, center
filled, lolipops, coextruded products: gums and jellies. [9 Lectures]

UNIT IV: Miscellaneous products from Sugar
Miscellaneous Products: Caramel, Toffee, fudge, Liguorice paste and aerated confectionery,

Lozenges, sugar pannings and Chewing gum, Countlines. [9 Lectures]

Reference Books

1. Jackson E. B., “Sugar Confectionery Manufacture”, 2" Edition, Aspen Publishers Inc.,
(1999)

2. Shachman M, *Soft Drinks Companion: A Technical Handbook for the Beverage

Industry”, CRC Press (2005)
Minifie B. W., “Chocolate, cocoa and confectionery-Science and Technology™. 3™ Edition.

Aspen Publishers Inc. (2010)
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BCT-17: HEAT TRANSFER OPERATION

Course Category : Departmental Core (DC)

Pre-requisite Subject : NIL

Contact hours/week . Lecture: 3, Tutorial:1, Practical: 2

No of Credits 5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and one practical test.

Course Outcome Students are able to

o understand concept of conduction, convection and
radiations
o able to do design heat exchanger

o understand concept of evaporation operation
Syllabus

UNIT 1: Conduction

Modes of heat transfer, Therma! conductivity, thermal insulation, units and dimensions.
General differential equation of conduction, Steady state heat conduction, Contact resistance,
heat transfer between surfaces and surrounding, critical thickness of insulation. Heat transfer
through extended surfaces of uniform cross section. Enhanced heat transfer: concept of fins,
Fin efficiency. [8 Lecturesj

UNIT 2: Convection

Natural and forced convection, principal heat balance equation in laminar flow Empirical
equations for convection heat transfer in turbulent flow through tubes, through annulus and
over a flat plate. Dimensional analysis, dimensional groups used in heat transfer. Condensation:
Modes and features, Nusselt’s equation, condensation on vertical and horizontal plate Boiling: Pool

boiling of saturated liquid, types of boiling, concept of critical heat flux.
[11 Lectures]

UNIT 3: Radiations
Thermal radiation, black body radiation, properties of radiation, laws of radiation. The
radiation shape factor, various cases of radiation between two surfaces, radiation shields.

[9 Lectures]
UNIT 4: Heat Exchangers and Evaporators
Basic types of heat exchangers, overall heat transfer coefficient, fouling factor. Double pipe
heat exchanger design by LMTD and effectiveness-NTU methods calculations of overall heat
transfer coefficient and area), Shell and tube heat exchangers
Introduction, types of evaporators, matenal and energy balance, boiling point elevation,

capacity and economy, multiple effect evaporators. [8 Lectures]
Books:
1. McCabe. W. L., Smith, J.C., Harriott, P. “Unit Operations of Chemical Engineering”, 7" Edition,
McGraw-Hill (2017)

2. Holman, J. P., “Heat Transfer”, McGraw-Hill (1996)
1. Coulson, J. M. & Richardson, J. F., “Chemijcal Engineering: Vol-17, Butterworth —

Heinemann (2002) |
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McAdams W. H., “Heat Transmission”, 3™ Edition, Krieger Pub Co (1985).

Kern D. ., “Process Heat Transfer”, McGraw-Hill (1950).

Badger W. L.. & Bancharo J. T.. “Introduction to Chemical Engineering”, Tata McGraw
Hill (1955).

Rudramoorthy R. and Mayilsamy K. “Heat and Mass Transfer”. Pearson (2010)

HEAT TRANSFER LAB

Experiments can be planned as per the following list;

B R N
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10.
11.
12.

To study heat transfer through lagged pipe.

To find out the thermal conductivity of liguid.

To study heat transfer in composite wall and find equivalent thermal conductivity.
To find out the convective heat transfer co-efficient of vertical cylinder in natural
convection.

To determine convective heat transfer coefficient in forced convection.

To find out the overall heat transfer co-efficient of a double pipe heat exchanger.
To find out the overall heat transfer co-efficient of 1-2 shell & tube heat exchanger.
To study the heat transfer coefficient during drop wise and film wise condensation.
To study the heat transfer coefficient in a vertical and a horizontal condenser.

To find out the emissivity of a surface.

To find out the Stefan-boltzman constant and compare with the theoretical value.
Study and operation of a batch evaporator.



BCT-18: CHEMICAL ENGINEERING THERMODYNAMICS — I

Course Category * Departmental Core (DC)

Pre-requisite Subject : NIL

Contact hours/week . Lecture: 3, Tutorial:1, Practical: 0

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and. one minor test and one major
theory test.

Course Outcome Students are able to

o apply the first law of thermodynamics

o select appropriate equation of state for representing
the P-V-T behaviour of gases

o calculate the ideal and actual efficiencies of heat
engines and performance of heat pumps

o apply concept of laws of thermodynamics

Syllabus

UNIT 1: First law of thermodynamics and basic concept
First law of thermodynamics, thermodynamics state and state functions, equalibrium, phase

rule, reversible process, constant PV processes, enthalpy, heat capacity, internal energy.
[10 Lectures]

UNIT 2: Volumetric properties of fluids

PVT behaviors of pure fluids, equation of state, processes involving ideal gases, equation of
state for real gases, heat effects accompanying chemical reactions. [10 Lectures]
UNIT 3: Second law of thermodynamics

Second law of thermodynamics, Entropy, Carnot cycle, Clausius inequality, entropy and
nreversibility, residual properties, two phase systems, thermodynamic diagram. [9 Lectures]
UNIT 4: Application of laws of thermodynamics

Flow processes, refrigeration, liquefaction processes, steam power plant, internal combustion
engines and gas turbine power plants. [7 Lectures]

Text Book:
1. Smith, J. M., Van Ness H. C., Abbot M. M., ‘Infroduction to chemical engineering
Thermodynamics’, 7" Edition, McGraw Hill Education (2009)
2. Koretsky Millo D., “Engineering and Chemical Thermodynamics™ John Wiley & Sons
{2004)
Reference Books:
1. Bevan O., Juliana Boerio-Goates, Chemical Thermodynamics Principles and
Applications, Academic Press (2000).
2. Gopinath Halder, ‘Introduction to Chemical Engmeering Thermodynamics’. PHI
Learning Pvt. Ltd. (2009)
3. J Richard Elliott, Carl T. Lira, ‘Introductory Chemical Engineering Thermodynamics,
2" Edition, Prentice Hall, (2012)
4. Thomas Engel. Philip Reid. Thermodynamics, Statistical Thermodynamics and
Kinetics, 3™ Edition, Pearson, (2012)
5. Rajaram J., Kuriacose J. C., Chemical Thermodynamics Classical, Statistical and

Irreversible, Pearson Education India (2013)
&



BCT-26: CHEMICAL TECHNOLOGY

Course Category : Departmental Core (DC)
Pre-requisite Subject : NIL
Contact hours/week : Lecture: 3, Tutorial:1, Practical: 0
No of Credits 4
Course Assessment : Continuous assessment through tutorials, attendance, home
Methods assignments, quizzes and one minor test and one major
theory test.
Course Qutcome Students are able to
o pulp & paper and chemicals derived from coal

o petrochemicals
o sulphur and chloro-alkali industries
o petroleum and polymer synthetic fibre

UNIT I: Pulp and paper, Coal chemicals

Pulp and Paper: Raw materials, pulping processes, recovery of chemicals, stock preparation
and paper making. Coal Chemicals: Various processes for obtaining coal chemicals, coal tar
distillation, F-T and Bergious processes for hydrocarbon production. [9 Lectures]

UNIT [: Petrochemicals

Petrochemicals: Manufacturing processes of formaldehyde, acetaldehyde, acetic acid, acetic
anhydride, maleic anhydride, nitrobenzene, ethylene oxide, ethylene glycol. Pesticides:
Processes for manufacturing of insecticides, fungicides and herbicides. Fuel and Industrial
Gases: Technology options of producing producer gas, syn gas, pyrogas, nitrogen, oxygen and
carbon dioxide. [9 Lectures]

UNIT I1I: Sulphur and chlro-alkali

Sulphur Industries: Origin and extraction of sulphur, production routes of suphuric acid and
oleum. Phosphorous Industries: Manufacturing of phosphorus, phosphoric acid and phosphatic
fertilizers. Chlor-Alkali Industries: Production of common salt, caustic soda, chlorine,
hydrochloric acid and soda ash. Nitrogen Industries: Manufacturing of ammonia, nitric acid,
nitrogenous and mixed fertilizers. Explosive and Propellants. |9 Lectures|

UNIT 1V: Petroleum, Polymer and synthetic fiber

Petroleum Industry: Origin, occurrence and characteristics of crude oil, crude oil distillation
and secondary processing. Pofymer and Synthetic Fibre: Introduction to polymerization,
commodity polymers, rayon, polyester, polyamide, acrylic fibre and nylons.  [9 Lectures]

Text Books:
1. Gopala Rao M., Marshall S, ‘Dryden’s Outlines of Chemical Technology’, Affiliated
East-West Press Pvt Ltd (1997)
2. Austin G. T.,‘Shreve’s Chemical Process Industries®, 5™ Edition, McGraw Hill (1984).
3. Moulijn J.K, Makkee M., van Diepen A, ‘Chemical Process Technology’, 2" Edition,
Wiltey (2013).
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BCT-27: MASS TRANSFER-]

Course Category : Departmentat Core (DC)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3, Tutorial:1, Practical: 0

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory test.

Course Qutcome Students are able to

o to understand concept of diffusion and theories
o able to design absorption column

o able to design cooling towers

o able to design crystallizer

UNIT 1: Diffusion

Introduction to Mass transfer operation, Diffusion: Fick’s law of diffusion, Steady state
molecular diffusion in fluids under stagnant and laminar flow conditions, Diffusion through
variable cross-sectional area, Diffusion coefficient: measurement and prediction, Multi
component diffusion, Diffusivity in solids and its applications. Introduction to mass transfer
coefficient, Equimolar counter-diffusion, Correlation for convective mass transfer coefficient,
Correlation of mass fransfer coefficients for single cylinder, Theories of mass transfer,
Penetration theory. Surface Renewal Theory, Boundary Layer Theory, Interphase mass transfer
theory. Overall mass transfer coefficient. [9 Lectures]

UNIT 2: Humidification and dehumidification

Humidification & Dehumidification: Vapour liquid equilibrium and enthalpy for a pure
substance, vapour pressure temperature curve, Vapour gas mixtures, Definition and derivations
of relationships related with humidity Fundamental concept of humidification,
Dehumidification and water cooling, Wet bulb temperature, Adiabatic and non-adiabatic
operations, Classification and design of cooling towers. [9 Lectures)

UNIT 3: Absorption

Absorption: Introduetion, Absorption & Stripping:Equipments, Gas-liquid equilibria, Henry’s
law, Selection of solvent, Absorption in tray column, Graphical and analytical methods,
Absorption in packed columns, HTU, NTU & HETP concepts, Design equations for packed
column. [9 Lectures]

UNIT 4: Drying

© Drying: Solid-gas equilibria, Different modes of drying operations, Definitions of moisture
contents, Types of batch and continucus dryers. Rate of batch drying, Time of drying,
Mechanism of batch drying, Continuous drying, Design of continuous dryers. Crystallization:
Equilibrium Yield of Crystallization, Heat and Mass Transfer rates in crystallization, Theories
of crystallization. {9 Lectures]
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Text Books:

1. Treybal R.,"Mass Transfer Operations’, 3"Edition, McGraw-Hill: New York: (1980).

2. Geankoplis, C. J.*Transport Processes and Unit Operations’, 3®Edition, Prentice Hall.
(1993)

3. Coulson & Richardson,‘Chemical Engineering Vol. II’, Perganion Press, 2002
McCabe, W. L., Smith, J. C., ‘Unit Operations of Chemical Engineering’.3"Edition,
McGraw-Hill (1976)

5. Banchero J.T., Badger. W.L., ‘Introduction To Chemical Engineering’. McGraw-Hill
Inc.(1955)

6. DuttaB.K., ‘Principles of Mass transfer and Separation Processes’, Prentice-Hall of India,
New Delhi (2007).
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BCT-28: SUGAR PRODUCTION

Course Category : Departmental Core (DC)

Pre-requisite Subject : Sugar Technology (BCT-16)

Contact hours/week : Lecture: 3, Tutorial:1. Practical; 2

No of Credits :5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course QOutcome Students are able to

© cane operations

c milling operations

o diffuser and separator
o evaporators

UNIT I: Cane Operations

Introduction of Sugar production, Cane handling Unloading of cane. Cane camier -
Determination of slope, length, speed width and power consumption. Cane preparation-
Principle and design of different types of knives, kicker, chopper, leveler and cutter, fibrizer,
shredders, mincer. Assessment of bulk density and preparatory index and their methods of
analysis. |9 Lectures]

UNIT II: Milling Operations

Mill Function, different types of housings, trash plate and its function. Pressure in milling
Pressure-volume relationship, reabsorption factor, compression ratio, filling ratio, fibre
loading, specific fibre loading, hydraulic pressure, specific hydraulic pressure, polygon of
forces i a mill.

Imbibitions Principle, different systems of imbibition, methods of application of imbibition,
hot and cold imbibition, optimum imbibitions and its efficiency, Mill capacity and
performance. [9 Lectures]

UNIT III: Milling, Diffusers and Separator

Factors affecting mill capacity and performance. Types of diffusers and their description.
retention time, power and steam requirement. capacity, automatic controls, treatment of their
juices, their merits and demerits. Fine bagasse separators- Different types of separators, their
application, advantages and disadvantages. N [9 Lectures]
UNIT 1V: Evaporators

Evaporation of Juice, Evaporator, steam quality, Drying and cooling of sugar on hopper,
grading of sugar, packing of sugar, keeping quality of sugar, storage of sugar, storage of sugar,
utilization of bagasse, Molasses. [9 Lectures]

Text Books:
1. James C. P. Chen, Chung Chi Chou., *Cane Sugar Handbook: A Manual for Cane Sugar
Manufacturers and Their Chemists Cane sugar’, 12"Edition, John Wiley & Sons (1993)




2. Mathur R. B. L., ‘Handbook of Cane Sugar Technology’, Indian Book House Pvt Ltd
(2004)

3. H.C. Prinsen Geerligs, ‘Method of chemical control in cane sugar factory’, Nabu Press
(2011)

Name of experiments
Experiments can be planned as per the following list;

Estimation of reducing sugars from juice by luff’s method.
Estimation of reducing sugars from juice by potassium ferric cyanide method.
Estimation of sucrose by Jackson and Gillis method.
Determine the Brix, Pol and apparent purity of Gur.
Estimation of color from sugar cane juice.
Prepare the B.T.B test papers in the lab and test the pH of Juices.
Estimation of CaO content in juice.
Estimation of P2Os content the given triple sugar phosphate sample.
Calculate the size of the sugar crystal
. Qualitative test for carbolaydrates ( dext rose)(Benedict's test).

9 N O A L
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. Determination of sulphitation ash the given molasses sample.
. Determination of SO; content in juices and syrup.
. Determination of ash% in juices, syrup, massecuites, molasses etc.
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BCT-29: CHEMICAL ENGINEERING THERMODYNAMICS -I1

Course Category : Departmental Core (DC)

Pre-requisite Subject : Chemical Engineering Thermodynamics-I (BCT-18)

Contact hours/week : Lecture: 3, Tutorial: 1, Practical: 2

No of Credits 5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course Qutcome Students are able to

o vapor-liquid equilibria and to flash calculations

o chemical potential and its applications

o activity coefficient, Gibbs Energy and chemical
reaction equilibria

o multi-phase reactions

UNIT 1: Vapor — Liguid Equilibria

An Introduction to vapour-Liquid Equilibria, qualitative behavior of the vapour-liquid
equilibria (VLE), Simple models for vapour liquid, equilibrium, Flash calculations, Solution
Thermodynamics, theory fundamental property relation. [9 Lectures]

UNIT 2: Chemical Potential

The chemical potential and phase equilibria, Partial properties, ideal gas mixtures, fugacity and
fugacity coefficient for pure species, the Lewis/Randall rule, excess properties,the excess
Gibbs energy and the activity coefficient, the nature of excess properties. Solution
Thermodynamics, Applications Liquid phase properties from VLE data. [9 Lectures]

UNIT 3: Activity Coefficient, Gibbs Energy and Chemical Reaction Equilibria

Activity coefficient, Excess Gibbs energy. Models for the excess Gibbs energy, Property
changes of mixing, Heat effects of mixing processes, Heats of solution, Enthalpy-
Concentration diagrams, Chemical Reaction Equilibria, Relation of equilibrium constants to
composition. [9 Lectures]

UNIT 4: Reaction Equilibria

Gas-phase and Hquid-phase reactions, Equilibrium conversions for single reactions, Single
phase reactions, Reactions in heterogeneous systems, Multi reaction equilibria, Fuel cells, VLE
from cubic equations of state, Equilibrium and stability, Liquid-liquid equilibrium, Vapour-
liquid-liquid equilibrium, Solid-liquid equilibrium, Osmotic equilibrium and osmotic pressure.
[9 Lectures]

Text Book:

1. Smith, J. M., Van Ness H. C., AbbotM. M. ‘Introduction to chemical engineering
Thermodynamics’, 7% Edition, McGraw Hill Education (2009)

2. KoretskyMillo D.. “Engineering and Chemical Thermodynamics™ John Wiley & Sons

(2004)
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Reference Books:

L.

Bevan O., Juliana Boerio-Goates, Chemical Thermodynamics Principles and

Applications, Academic Press (2000).

Gopinath Halder, ‘Introduction to Chemical Engineering Thermodynamics’, PHI
Learning Pvt. Ltd. (2009)

J. Richard Elliott, Carl T. Lira, Introductory Chemical Engineering Thermodynamics, 27
Edition, Prentice Hall, (2012)

Thomas Engel, Philip Reid, Thermodynamics, Statistical Thermodynamics and Kinetics,
3" Edition, Pearson, (2012)

Rajaram J., Kuriacose J. C., Chemical Thermodynamics Classical, Statistical and

Irreversible, Pearson Education India (2013)

Chemical Engineering Thermodynamics (0:0:2)

1.

e

N

Determine calorific values of solid, liquid and gaseous fuels. (Bomb calorimeter)
Determine the heat capacity ratio at constant volume and constant pressure

Determine the ratio of volumes using isothermal process

Study of vapor Pressure of Liquids

To investigate the effect of sensor on target temperature

Concepts of pressure measurement and calibration investigation

Throttling Calorimeter

Determine the coefficient of performance and other parameters of a refrigerator
(Refrigeration cycle unit)

Boyle-Marriott’s Law Apparatus (Boyles Law Apparatus)

10. Joule-Thomson Coefficient Apparatus



BCT-31: ALCOHOL TECHNOLOGY

Course Category : Departmental Core (DC)

Pre-requisite Subject : Sugar Production (BCT-28)

Centact hours/week : Lecture: 3, Tutorial:1, Practical: 2

No of Credits :5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course Outcome Students are able to

o fermentation basic

o synthesis of alcohol from molasses

o synthests of alcohol from substrates and refined
chemicals

o chemicals from alcohol

UNIT I: Fermentation basic
Chemical and physical properties of alcohol, Classification of alcohols, Uses of alcohol,
Alcohol synthesis by fermentation, Preferment design and practices. [8 Lectures)

UNIT II: Alcohol from molasses

Raw materials, molasses composition, molasses weighing, molasses dilution practices, pre-
clarification of molasses, advantages and drawback, molasses sterilization/pasteurization,
alcoholic fermentation- Batch fermentation, efficiency of fermentation, characteristics
Control in fermentation operation, contamination control, preventive measure to avoid alcoho]
loss. [10 Lectures]

UNIT HI: Alcohol from Substrates and synthesis of refined chemicals

Substrate: Sugarcane and sugar beet molasses, rice, maize, wheat, apple, etc.

Manufacture of extra neutral alcohol, anhydrous alcohol, fuel, ethanol, reduction, blending and
alcoholic beverages. [9 Lectures]

UNIT IV: Chemicals from alcohol
Acetaldehyde, Acetic acid, Acetic-Anahydride, Butanol, Ethyl acetate. Butyl acetate, acetone,
Lthyl ether, Diethyl oxalate, etc. [9 Lectures]

Text Book: o

1. Jacques K. A., Lyons T. P., Kelsall D. R., ‘The Alcchol Textbook’, Nottingham

University Press, 4"Edition (2003)

2. Satyanarayana Rao, ‘Ethyl alcohol alcoholic beverages and alcoholometry®, Pandith
Publications (1983)
Chatterjee A.N., ‘Handbook of Fermentation and Distillation’, Maharashtra Sugar
Research Foundation (1980)
4. Barron H., *Distillation of Alcohol’, Joseph E. Seagram & Sons (1944)
5. Paturao J. M.,"By-products of the Cane Sugar Industry’. Elsevier, Amsterdam (1969)
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Name of experiments (0:0:2)
1. Determination of residue on evaporation of whisky sample.
2. Fo carry out distillation of whisky sample
Determination of ethyl alcohol content of whisky by specific gravity method
Determination of Total acidity as acetic acid of whisky
To determine the volatile acidity whisky sample.
Determination of Aldehyde (as CH3CHO) content of spirit (AQAC method)
Determination of Ester (asCH3COO CoHs) content whisky
Fuel oil determination in spirit sample
Furfural determination in Rectified Spirit (IST)
10 Determination of Methyl Alcohol (as CH3OH} content of whisky
11. Reduction/ Blending of the spirit

i R I s
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BCT-32: MASS TRANSFER -11I

Course Category : Departmental Core (DC)

Pre-requisite Subject - Mass Transfer -1 (BCT-27)

Contact hours/week : Lecture: 3, Tutorial: 1, Practical: 2

No of Credits :5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course Outcome Students expected to design

o distillation column
o liquid-liguid and solid-liquid extraction column
o adsorption column

UNIT 1: Distillation

Basics of distillation, Pressure-composition, Temperature-concentration, Enthalpy-
concentration diagrams for ideal and non-ideal solutions, Raoult’s law, boiling mixtures,
volatility, Single Stage Distillation Differential distillation, Flash vaporization, Vacuum,
molecular and steam distillation. [9 Lectures]

UNIT 2: Continuous distillation of binary mixtures

Multistage contact operations, multistage tower, McCabe Thiele method, Ponchon-Savarit
method, Reflux, reflux, tray efficiency, height and column diameter calculation, Multistage
batch  distillation,  Principles  of  azeotropic  and  extractive  distillation.
{9 Lectures]

UNIT 3: Liquid-liquid and solid-liquid

Liquid-Liquid Extraction: Ternary liquid equilibria, Triangular graph, theoretical or ideal
stage, Equipment for single stage and multistage continuous operation, analytical and graphical
solution of single and multistage operation.

Solid /Liquid Extraction: Leaching, Solid liquid equilibrium, Equipment for solid — liquid
extraction, single and multistage cross current contact and counter current operations, concept
of ideal stage, overall stage efficiency, number of stages determination. |9 Lectures]

UNIT 4: Adsorption

Basics of adsorption, Types of adsorption, Nature of adsorbents adsorption equilibria and
adsorption hysteresis, Stage wise and continuous contact adsorption operations. determination
of number of stages, [on exchange Equipments, Equilibrium relationship, Principle, techniques
and applications of Ion-exchange. [9 Lectures]

Text Books:
1. Treybal R.,"Mass Transfer Operations’, 3“Editon, McGraw-Hill:New York. (1980).
2. Sherwood T. K., Pigford R. L. and Wilke P., ‘Mass Transfer’, McGraw Hill (1975)
3. Dutta B.K., ‘Principles of Mass transfer and Separation Processes’, Prentice-Hall of
India, New Delhi (2007).
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Reference Books:
1.  Leonard A. Wenzel, Curtis W. Clump, Louis Maus, L. Bryce Andersen Alan S.
Foust, Principles of Unit Operations’,2™ Edition, Wiley Interscience(1980).
2. Geankoplis, C.J. “Transport Processes and Unit Operations”, 3Editon, Prentice Hall.
(1993)
5. Coulson, J. M. and Richardson J. F., “Chemical Engineering” Vol. I, I, TV & V:
Pergamon Press.
4. Phillip C. Wankat, “Separation Process Engineering Includes Mass Transfer Analysis,
3"Editon, Pearson

MASS TRANSFER LAB (0:0:2)

Determination of diffusivity of acetone in air.

Humidification and dehumidification.

Determination of mass transfer coefficient in a wetted wall column.
Bubble Cap Distillation Column.

Verification of Rayleigh equation in a binary batch distillation process.
Verification of steam distillation equations.

Determination of ternary curve for the system acetic acid-water-carbon tetrachloride
(Vapom Liquid Equilibrium Set-up).

8. Solid-Liguid extraction — Packed Bed Type.

9. Liguid - liquid extraction in packed bed.

10. Determination of adsorption kinetics and isotherm at solid-liquid interface.
11. Natural Draft Tray Dryer.

12. Estimation of efficiency of the fluidized bed dryer.

13. Estimation of efficiency of the fluidized bed dryer.
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BCT-33: PROCESS DYNAMICS, CONTROL & INSTRUMENTATION

Course Category : Departmental Core (DC)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3. Tutorial:1. Practical: 2

No of Credits :5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course Outcome Students expected to

o understand fundamentals of process instrumentation

o understand working principals of measuring devices
for pressure, temperature, level and flow

o understand instrumental methods of chemical
analysis

o understand the basic principles of process dynamics
and control

Syllabus

UNIT 1 Fundamentals of Process Instrumentation

Need and scope of process instrumentation, classification of process variables, measurement
problem analysis, basic measurement terms, Functional elements of instruments, static and
dynamic characteristics of measuring instruments (zeroth. first, and second-order instruments/
systems), measurement system configuration, transducer elements (types and classification).
Intermediate elements: instrument amplifiers, compensators, differential and integrator
elements, signal conditioners (signal generation and processing), {iltering and signal analysis,
data acquisition and conversion (ADC, DAC), digital signal transmission and processing (serial
communication, telemetry), indicating and recording elements [9 Lectures]

UNIT 2: Measuring Instruments
Instruments for measurements of temperature, pressure and strain, level and flow
measurements |9 Lectures}

UNIT 3: Instrumental Methods of Chemical Analysis

Introduction, classification, basic components of analytical instruments. measurements used
Absorption and emission spectrometric methods: ultraviolet (UV). visible. and infrared (IR)
spectroscopy, atomic absorption speciroscopy (AAS), mass spectroscopy, Refractometry
Chromatographic methods: gas chromatography (GC), liquid chromatography (LC). high
performance liquid chromatography (HPLC). Electrochemical methods: measurement of pH,
colourimetric, conductometric, potentiometric, Process instruments and automatic on-line
analysis [9 Lectures]

UNIT 4: Fundamental of Process Dynamics and Control

Introduction to process dynamics (PD). mathematical tools for process , ideal forcing functions,
control-relevant theoretical process modeling, transfer function and state-space models. poles
and zeros of transfer function and their effect on dynamic response, block diagram
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representation, studying dynamic behavior of linear time invariant (LTI} systems, dynamic
behavior of pure gain, pure capacitive, first-order, second-order systems, dead- time systems

, process identification using step response data [9 Lectures]
Text Book:
1. Coughnaowr, D. R., “Process Systems Analysis and Control”, McGraw-Hill, Inc.
2. Stephanopolous, G, “Chemical Process Control”, Prentice-Hall.
3. Patranabis, D, “Principles of Industrial Instrumentation”, Tata McGraw-Hill Publishing
Co. Ltd.
4. Johnson, C. D., “Process Control Instrumentation Technology”, Pearson Education,
Inc.
Reference Books:
I. Seborg, D. E., Edgar, T., and Mellichamp, D. A “Process Dynamics and Control?”,
John Wiley and Sons.
2. Bequette, B. W., “Process Control: Modeling, Design, and Simulation”, Prentice-Hall,
Inc.
3. Chidambaram, M., “Computer Control of Processes” Narosa Publishing House Pvi.
Lid., India
4. Beckwith, T. G., Marangoni, R. D. and Lienhard, J. H., “Mechanical Measurements”,
Addison Wesley.
5. Jain, R. K., “Mechanical and Industrial Measurements”, Khanna Publishers. New Delhi

PROCESS DYNAMICS AND CONTROL LAB (0:6:2)

L.

J

10.

11.
12.
13.

N

P

$\3\

Transient response to single tank system with storage & Flow to (a) step change (b)
impulse change input (single tank system)

Transient response of non-interacting/interacting system in series. (Interacting & Non-
Interacting System)

Two Tank Non-Interacting System with accessories.

Controlling a batch reactor using digital PID controller (characteristics of P.I.D.
controller)

Two Tank Interacting System

Dynamics characteristics of mercury & water manometers (Time Constant of
Manometer)

Measurement of Level by Capacitance Method

Calibration of thermocouple/ Bimetallic thermocouple/Resistance thermocouple (time
constant of thermocouple & thermometer)

Calibration of Pressure gauge/ Pneumatic pressure recorder/ Differential pressure
recorder (Pressure Control Trainer)

Calibration of Orifice meter/Venturimeter /Rotameter/ Gas flow meter (Flow Control
Trainer).

Temperature Control Trainer

Calibration of pH meter/ conductivity meter

Level Control Trainer
32 % claltd
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BCT-34: CHEMICAL REACTION ENGINEERING

Course Category : Departmental Core (DC)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3, Tutorial; 1, Practical: 2

No of Credits :5

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course Outcome Students expected to:

o understand kinetics of homogeneous reactions
o design isothermal reactors

o understand heterogeneous kinetics

¢ understand catalysis role in kinetics

Syllabus

UNIT 1: Kinetics of Homogeneous Reactions

Rate of Reaction, Molecularity and order of reaction, Mechanism of reaction, temperature
dependency from thermodynamics, Integral and differential methods for analyzing kinetic data.
interpretation of constant volume reactor, zero, first, second and third order reactions, half-life
period, irreversible reaction in parallel and series, catalytic reaction, auto catalytic reaction,
reversible reactions. [9 Lectures]

UNIT 2: Design of Isothermal Reactor

Design of batch, continuous stimred tank, plug flow reactors,optimization of reactor size,
reactors in series/parallel, recycle reactor,reactor design for multiple reactions, parallel and
series reactions, [9 Lectures]

UNIT 3: Heterogeneous reactions

Introduction to heterogeneous reactions, rate equation for surface kinetics, pore diffusion
resistance combined with surface kinetics, Fluid-fluid reactions: kinetics and design. Fluid-
solid reactions, determination of rate controlling step, kinetic and design. [9 Lectures)

UNIT 4: Catalysis
Nature of catalysis, reaction and diffusion within porous catalysts. effectiveness factor,
resistances to transfer of reactants to the catalyst site, intrinsic and global rate of reaction,

kinetic regimes. [9 Lectures]

Text Books:

1. Smith J. M., “‘Chemical Engineering Kinetics’, 3" Edition, McGraw-Hill (1990).
Levenspiel, O., ‘Chemical Reaction Engineering’, 3 Edition, John Wiley (1998).
Fogler H. S., ‘Elements of Chemical Reaction Engineering’. 5" Edition, Prentice Hall
(2015)

LI b

Reference Book:
1. Keith J. Laidler, ‘Chemical Kinetics’, 3™ Edition, Pearson (2013)

% \% Q@W (EJUM



2.

Coulson and Richardson's, ‘Chemical Engineering Volume 1T, 3" Elsevier (2006)

CHEMICAL REACTION ENGINEERING LAB(0:0:2)

1.

Determine kinetic rate constant and conversion of batch reactor

Determine kinetic rate constant and conversion of a plug flow reactor

. Determine kinetic rate constant and conversion of CSTR

To study isothermal Batch Reactor

. To study operation of an adiabatic batch reactor

2
3
4
5
6.
7
8
9

RTD study in a CSTR

. RTD study in a plug flow reactor

To studycombined Flow Reactor

. To studycascade Continuous Stirred Tank Reactor

10. Determine kinetic rate constant and conversion in a packed bed reactor

nr



BCT-51: PROCESS INFEGRATION

Course Category : Program Elective (PE1)
Pre-requisite Subject : NIL
Contact hours/week : Lecture: 3, Tutorial:1
No of Credits 4
Course Assessment : Continuous assessment through tutorials, attendance, home
Methods assignments, quizzes and one minor test and one major
theory and practical test.
Course Outcome Students will be able to:
o understand of the fundamentals of process
integration.

o perform pinch analysis.

o analyze and design heat exchanger networks.

o minimize the water consumption and waste
generation.

UNIT 1: Introduction to Process Integration

Areas of application and techniques available for PI, onion diagram, Role of thermodynamics
in process design, Concept of pinch technology and its application. 19 Lecturers]
UNIT 2: Heat exchanger networks:

Heat exchanger networks analysis, Simple design for maximum energy recovery, Loop
Breaking & Path Relaxation, Targeting of energy, area, number of units and cost, Trading off
energy against capital. [9 Lecturers]
UNIT 3: Network and Mass Integration:

Super targeting, maximum energy recovery (MER), Network for multiple utilities and multiple
pinches, Grand Composite curve (GCC) [9 Lecturers]
UNIT 4: Heat and Power Integration and Case studies:

Columns, Evaporators, Dryers, and reactors. Case studies: Waste and waste water

minimization, Flue gas emission targeting. {9 Lecturers]

Text Books:
1. Linnhoff D.W., ‘User Guide on Process Integration for the Efficient Use of Energy’,
Institution of Chemical Engineers (1994).
2. Smith R., “Chemical Process Design and Integration’, John Wiley & Sons{2005).

Reference Books:
1. Shenoy V. U., Heat Exchanger network synthesis, Gulf Publishing (1995).
2.. Kumar, A., Chemical Process Synthesis and Engineering Design, Tata McGraw Hill

(1977)
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BCT-52: PIPING DESIGN

Course Category : Program Elective (PE1)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3. Tutorial:1

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course Outcome Students will be able to:

o understand basic concept of piping engineering

o do piping design, line sizing and NPSIH calculations
o calculate the piping insulation thickness and cost

o understand P&ID diagrams, various piping layout

UNIT 1: Introduction to Piping Engineering

Fluid flow, types of fluids and examples, different pipe fittings. Friction factor, pressure drop
for flow Newtonian and non-Newtonian fluids, pipe sizing, economic velocity. Pipe line
networks and their analysis for flow in branches, restriction orifice sizing. Pressure drop
calculations for non-Newtonian fluids. two phase flow, types of two phase flow, two phase
flow as encountered in piping for steam, distillation column, pressure drop. vibrations in two
phase flow. [9 Lectures]
UNIT 2: Piping System Design

Design principles, calculation of pipe diameter, thickness, important system characteristics and
design principles related to steam flow at high and low pressures. Design principles and line
sizing for vacuum pipelines, slurry pipelines, surge drums and flare stacks, vacuum devices
inciuding ejector system. Considerations governing pump selection. analysis of system and
pump characteristics in connection with series, parallel flow, and minimum flow and equalizing
lines, NPSH, allowable nozzle loads in various codes. Design principles and line sizing of
pneumatic conveying of solids, components of conveying systems, dust and fume extraction
systems principles. [9 Lectures]
UNIT 3: Insulation and Costing of Piping

Purposes of thermal insulation, principles of conductive and convective heat transfer to the
extent of application to heat loss / gain through bare pipe surfaces. Critical thickness of
insulation, estimating thickness of insulation. optimum thickness of insulation. Insulation for
hot and cold materials and their important properties, insulation material selection criteria,
typical insulation specification — hot and cold materials. {9 Lectures)
UNIT 4: Piping Layout

Introduction to P & I Diagrams, Process flow diagrams, standard symbols and notations.
Introduction to various facilities required guidelines for Plot Plan / Plant Layout. Introduction
18 to equipment layout, piping layout, piping isometrics and bill of material. Typical piping
system layout considerations for following systems: (i) Distillation columns and heat
exchangers, (i1) Reactors, (iii) Pipe racks, (iv) Storage tanks, (v) Pumps  [9 Lecturers]



Reference Books:

1.
2.

Mcketta J. J., ‘Piping Design Handbook™ Marcel Dekker, Inc, New York.

Bausbacher Ed.. Hunt R., ‘Process plant layout and piping design” PTK Prentice Hall
Publication

Nayyar M., ‘Piping Handbook’, McGraw-Hill Education.

Parisher R. A., Rhea R. A., ‘Pipe Drafting and Design® ASME



BCT-53: Statistical Design of Experiments

Course Category : Program Elective (PE1)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3, Tutorial:1

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments, quizzes and one minor test and one major
theory and practical test.

Course OQutcome Students will be able to understand:

o basic concept of design of experiment

o and apply concept of factorial design

o concept of regression model and response surface
methodology

o model effects and design measure

UNIT 1: Introduction to Design of Experiment

Introduction to experimental design principles, simple comparative experiments, introduction
to R language and its applications in DOE problems. Single factor experiments, randomized
blocks, Latin square designs and extensions, introduction to R language. [9 Lectures]
UNIT 2: Factorial Designs

Two levels, 2" factorial designs, confounding and blocking in factorial designs, applications to
manufacturing problems. Fractional factorial designs, two-level, three-level and mixed-level
factorials and fractional factorials, applications to quality control problems {9 Lectures]
UNIT 3: Regression Models and Response Surface Methodology

Regression models inciuding multiple regression models and its application to transportation
scheduling problems. Response surface methodology, parameter optimization, robust
parameter design and its application to contro! of processes with high variability. [9 Lectures]
UNIT 4: Model Effects and Design Measures

Random and mixed effects models, nested and split plot and strip plot designs and its
application to semiconductor manufacturing problem. Repeated measures design, analysis of
covariance and its applications in comparing alternatives. [9 Lecturers]

Reference Books:

I. Montgomery D. C., 'Design and Analysis of Experlments “Tohn Wlley & Somns
(2001)

2. Dean A. M., Voss D. T., ‘Design and Analysis of Experiments” Springer text in
Statistics, Springer Science + Business Media (1999)

3. Box G.LE. P., Hunter W. G., Hunter J. S.. Statistics for Experimenters: An
Introduction to Design, Data Analysis. and Model Building, John Wiley & Sons
(1978).

4. Diamond W. I, Practical Experiment Designs for Engineers and Scientists, John
Wiley & Sons. Inc. (2001).

Jeff Wu C. E., Hamada M. 1., Experiments: Planning, Analysis, and Parameter Design

Optimization, John Wiley & Sons. Inc. (2000).
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BCT-54: Process Flow Sheet Simulation

Course Category : Program Elective (PE1)

Pre-requisite Subject : NIL

Contact hours/week : Lecture: 3, Tutorial: ]

No of Credits 4

Course Assessment : Continuous assessment through tutorials, attendance, home

Methods assignments. quizzes and one minor test and one major
theory and practical test.

Course Outcome Students will be able to:

© understand basic concept of process flowsheeting
o understand concept of system engineering

o select thermodynamic properties

o do model and sensitivity analysis

UNIT I: Introduction to Process Flow Sheeting
Mathematical models, scope of coverage, principles of formulations. Fundamental Laws-
continuity equations, energy equations, equations of motion, transport equations, equation of
state, equilibrium, chemical kinetics. Lumped and distributed parameter systems. Use of Partial
and ordinary differential equations in modeling. Background of process simulation; Steady
State and Dynamic Simulation; Different approaches to process simulation; modules and
components in a process simulation package. [9 Lectures]
UNIT 2: Fundamentals of System Engineering
Mathematical Models of Chemical Engineering System - Series of isothermal constant hold up
CSTRs, Gravity flow tank, CSTRs with variable hold ups, Heated tanks, Gas phase pressurized
CSTR, Isothermal and non-isothermal CSTRs systems. Single and Multi-component
vaporizers. Reactor with mass transfer, Interacting and non-interacting tanks. [9 Lectures]
UNIT 3: Thermodynamic properties selection
Ovgrview of physical property system; Property model specifications; Property data
requirements and input; Physical property analysis; Example-1: Introducing a non-databank
component. Multistage Separation: RADFRAC: Rigorous rating and design fractionation
model [9 Lectures]
UNIT 4: Model Analysis and Sensitivity
Model Analysis Tools: Sensitivity and case-study runs; Design specifications and calculator
blocks; Example-3: VCM flowsheet sensitivity run / design-spec run. Inorganic chemicals and
electrolyte modelling; Example-4: sour water systems (CO; and HzS removal for example)
[9 Lecturers]

Reference Books:
1. Dimian A. C., ‘Integrated Design and Simulation of Chemical Processes’, Elsevier

(2003)
2. Westerberg A. W, Hutchison H. P., Motard R. .. & Winter, P., ‘Process Flowsheeting’,

Cambridge University Press (1979) %
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Kumar, A., “Chemical Process Synthesis and Engineering Design’, Tata McGraw Hill
(1981).

Hangos K. M., Cameron 1. T., ‘Process Modelling and Model Analysis’, Academic
Press (2001).

. Ramirez W. F., ‘Computational Methods for Process Simulation’, 2™ ed., Butterworths

(1997}
Westerberg A.W., ‘Process Flow Sheeting’. Cambridge University Press (1990)
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BCT-55: Food Technology

Course Category - Program Elective (PE1)
Pre-requisite Subject : NIL
Contact hours/week : Lecture: 3, Tutorial:1
No of Credits 4
Course Assessment : Continuous assessment through tutorials, attendance, home
Methods assignments, quizzes and one minor test and one major
theory and practical test.
Course Qutcome Students will be able to understand:
o basic principal of food processing
o applications of unit operation in food engineering
o concept in packing for various food commodities
o importance of food quality assurance

UNIT 1: Introduction

Food its functions and role of nutrients: Carbohydrates, lipids, proteins, fats, vitamins and
minerals; Indian traditional and fermented foods: sweet, svaory and snack products. Fermented
diary products and production of baker’s yeast. Recommended dietry intakes. [9 Lectures]
UNIT 2: Food Preservation Processes

By low temperature: Principle and technological aspects of chilling and freezing processes and
their respective equipments, by water removal Principle and technological aspects of
Dehydration; Evaporation: Psychrometrics. Preservation by high temperature: Basic concepts
and adequacy of a thermal process, blanching, pasteurization etc. [9 Lectures]
UNIT 3: Food Packaging

Food packaging: Introduction to food packaging: definitions, packaging terminology,
functions of packaging, package environments; package selection, Different types of
packaging material: paper, metal, glass and plastic; characteristics of food packaging
material, shelf life of packaged food stuff. {9 Lectures]
UNIT 4: Food Quality Assurance

Objectives. importance and functions of quality control. methods of quality, assessment of food
materials-fruits, vegetables, cereals, dairy products, meat, poultry, egg and processed food
products. food regulations, grades and standards, Food adulteration and food safety, basis,
trends and composition of India's foreign trade. various food ACTs and Laws. [9 Lecturers]



Reference Books:

I.

Mirajkar M., Food Science and Processing Technology Vol I & II, Kanishka Publishers,
New Delhi

Heldman. D.R. and Lund, D. B., Handbook of Food Engineering’, Marcel Dekker, New
York (1992).

Ranganna S., ‘Handbook of Analysis and Quality Control for Fruits and Vegetable
Products’, Tata McGraw Hill, New Delhi (1986).

Painy F. A., Painy, H.Y., ‘A Handbook of Food Packaging’, Leonard Hill, Glasgo, UK
(1983).

Salunkhe D. K., Kadam S. S., ‘Handbook of Vegetable Science and Technology,
Production, Composition, Storage and processing’, Marcel Dekker, New York (1995}
V. Kyzlink, ‘Principle of food preservation’, Elsevier Science Ltd (1990)

Sukumar De, ‘Outlines of dairy technology’, Oxford (2001)

S. Khanna Textbook of Nutrition and Dietitics, Phoenix Publisher House Pvt. Ltd., New
Delhi (1997).
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BCT-30: Seminar

Course Category : Audit Course (AC)

Pre-requisite Subject :NIL

Contact hours/week : Lecture: 0, Tutorial:0. Practical: 4

No of Credits 2

Course Assessment : Continuous assessment gquality of presentation,
Methods understanding. performance and analytical skill sets
Course Qutcome Students will be able to demonstrate:

o knowledge of subject
o presentation skills

o writing skills

o organization skills

Syllabus

The seminar may be a review of literature of specific phenomena/new process. Working model
to demonstrate the principle, alternatively a small experimentation to investigate chemical
engineering data/unit process/ unit operation. Based on this study focused report should be
submitted. It is expected that the student collect information from reference books, journals
and Internet. The report submitted should reveal the student’s internalization of the collected
information. Mere compilation from the net and other resources is discouraged.

Guidelines for Preparation and Presentation of Technical Seminat

Selection of Topic

1. Select a topic relevant to the stream of study with content suitable for B. Tech. level
presentation. For selection topics refer internationally reputed journals (SCI or Scopus). The
primary reference should be published during the last 5 years.

2. Get the topic approved by the seminar guide well in advance.

3. A synopsis of the seminar should be distributed among the concerned teachers latest by the
previous day of seminar.

The synopsis should contain the following,

a. Title of the seminar.

b. Abstract of the topic.

¢. Technical report should be arranged as per standard guide line for any SCI journal.

d. List of reference materials used or accessed for preparing the

report alphabetically ordered with last name of first author and year

4. Preparation should full fill the following consensus.

a. Know the topic very well. The message of the presentation should be very clear.

b. In slides, list out key point only. You may include figures, charts equations tables eic. but
not in running paragraphs.

c. In slides, everything should be in réadable Font size

d. Show figures tables etc. with reference.

e. For the presentation, adopt simple schematics diagram and themes for explanation, but avoid
unnecessary animation and sound effects.

"~ . T
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f. Give a title for each slide. Also add slide numbers.
g. There should be a slide for “conclusion”.
h. Before presentation the slides should be shown to the guide for corrections if any.



NPTEL Courses offered as program elective

(Offered in Jul-Nov 2018)

| Sr Name of Course . Week
No

] Fundamentuls of Food Process Engineering |12

2 | Soil and Water Conservation EaneeunE 12

3 Dairy and Food process and products technology |12

| 4 | Btoenameeum An Interface with Biology and Medicine 8

| 5 | Biomedical nanotechnologs 4

6 | Industrial Bictechnology |2

[y ' Phase Equilibrium Thermods namics 8

8 | Optimization in Chemical Engineering 12

9 | Chemistry: Atomic Structure and Chemical Bonding 12

[} | Chemical Crystallopraphs 12

1 | Advanced Chemical Thermodynamics and Kinetics 12

12 | Wastewater Treatment and Recyceling -

3 | Environmental FEngineering-Chemical Processes 12

| 14 | Technical English for engineers — | &
15 | Englsh Langusge for Competitive Exams 12

16 | Water, Society and Sustainabilit: 4

|7 | E-Business 12

18 | Innovation, Business Models and En iirepreneurship 8
19 | Total Quality Management -1 | & |

20 | Working Capital Management 12

21 Ordinary and Partial Differential Eguations and Applications = 12

22 | Numerical methods L 8

23 | Matrix Solver | 2

24 | Heat Exchangers: Fundamentals and Design Analysis 12

25 | Enerzy Conservation and Waste Heat Recovery 12
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Appendix - 1

NPTEL Courses offered as program elective

&r
| N No

(Offered in Jan-April 2019)

7

Name of Course

Computational Fluid Dynamics

Process Control Design and analysis

1
2

| 3 | Transport phenomena for Non-Newtonian Fluids
4

‘Waste to eneri) conversion

5 [-.|I.| \pment Design: Mechanical Aspects

Advanced Chemical Thermodynumics

| Environmental Remediation of contaminated sites

| 6

| 7 ' Ap"lhEd environmental Microbiolozy
8
2

| Electy ranics Waste Management — [ssues and challengts
PI u-tlc Waste NManasement

11 | Mass. Momenturn and Energy Balances in Engmeenng

Analysis

12 | Soft skills for business negotiations and marketing strategies

13 | Six Sigma

14 1’1 uality Design and Conno]
13 | (perations and Supply Chain in Management

| 16 PlObELbllll': and Statistics

17 ' Statistical Interference
18 | ‘Mathematical Methods and its Applications
19 | Advanced numerical methods for solving engineering

problems

20 | Basics of Finite Element AI’]E’L]'.*-!SI :

21 Fundamentals of electronic materials and devices

[ 22 ' Solar Photovoltaics: Principles. Tecls I'.I|I‘-'-"I'.." & WMaterials

23 | Mater ial Characterization
f 24 | Fuzzy Logic and Meural Network
25 | Matlab Programming for Numeric

rks
ai |
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| BCT - 124 - Materials in Chemical Engineenng
BCT =138~ - Chemical Engincening Process Calculations
i At BCT - 144 — Chemical Engineering Mechanical Dperabons
. _BCT — 26A — Chemical Technoiogy

"BCT - 274 ~ Mass Transfer - 1 201920 | 131168
BCT — 284 — Suegar Production .
BCT — 294 = Chemical Englnm:rlnq Therm rmpdyanamics - 11
Sylflabus of Chemical Emgg. VII and VIIl Semester for

| Approval ' i ——
02, Mﬂh First & Second Year Course Structure B Syllabus of BBA 201820 169-154
03, ITRCA | Course Structure & First Year Syllabus of 8.Tech, {1T) 2015-20 | 195-203
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~_ Department Core
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2. | BEE-—-4] 7 Semester /4'" Year g™ Serrﬁter 4" Year
P Departmental Program Electives
03, BEE <51 &" Semester /3™ Year | 5™ Semester /3™ Year
04, BCS - 37 5t Semester /37 Year | 6" Semester /3™ Year
__ Syllabus Revised
| BEE —. 32..5. {Pmuer Electronics) - With Effective From Eﬂ 19 ED
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DEPARTHMENRT OF CHEMICAL ERNG INEERTNG
MADAN MOHAN MALAVIVA UNIVERSITY OF TECHNOLOGY
CORAKHPUR

Mimutes of Board of Studies of Department of Clhemical Enplneering MMM Unlversity of
Technelngy, Gorakhpur held on 19.01.2019 ot 10:00 AN

The Following were presents

[ Dr. Vithal 1. Gale (halrman

| D, Ravi Stankar flember

3 Dr. Prateck Fhare hAember

s | Dr. Jyoli | Member
The Followlng é.ndﬂm were taken

1. The list of Bxaminers for Theary & Practical Examinution of Trauspart Phenomens (BCT-
15), Sugar Technology (BCT-16), Hest eunsfar Operstion (BCT=17), Chemical Englnecring
Thermpdynamics-J, (BCT-18), Alebel Technology (BCT-31), Muss Trinefer-l (BCT-37),
process Drynmmips; Control & Instrumentation (BCT-33) Chemics! Reaction Enginsenmng
(BCT-34), Process Integration (BCT-34) for Even Somester 2018-19 sesgions was finalized.

2. The syliabus of B. Tech. Chemical Engineering 11, ¥, VII and VI Semestes (effective from
spmsion 2019-20) was discussed and finalizad,

Tho meeting ended with {hanks to the chainman.

Letier Na. MUT/CHED/BOS/ 35 /2019 Dated: Jonuary 2019
Copy forwarded {ar information & DECESIATY methon o -

ﬁﬂ"‘ﬁﬁ
i :
] P.A to Hon'ble Vioe chancellor

2. Demn UGEE
N

ﬁ;\ﬁ

A

L



CHEMICAL ENGINEERING DEFARTMENT
M. M. M, UNIVERSITY OF TECHNOLOGY
GORAKEFUR

Chverall Ciredit Stroctiry for B.Tech. PFrogramme

Crnllr Conirsed
Undlergrndunte Core (UL | Unforgradunte Electives (UE|
Category Min, | Caiefiry | Min
ErTifite | erestiin
Basio Scionce &Nduin (BEM) 36 Prograin Elestlves iFE) 1]
Engineering Fundumernisls (EFi |22 | Oweii Electives (0H1 1 Other Deparments) 3
Drpartment Core (D60 T8 | Humanitie £ Socli Science Electies ;|
THEEE
| Mznnsoneat g4 - SR |
Humanities & Sneial Sclence I
Core (HRSC] |
Froicel (1) 10
Total T5E Tutal i3
Cirund Total | 180
{ mim.
Audit Cowrses
Audit Courses {Other Beparmems) I
fanhid
Seminar v [
Industrial/Practicel Truining (1T) 1
Girpmil Totnl | 30
fraln.
Credit Structure of B, Tech. Chemical Engincering
with Speciallzation in Sugnr and Alcoliol Technolugy
Confegory Brmiesiers 1 0 | [V | ¥ [Vl vHI | Toml
Bosje Sciences & Maths (BEM) 14| 14| @ = - - - - n
| Enginecring Fundamenialn (EF) plg] 6 1:6 [«J'« | - | = 15
Deprtinent Core (DC) -1 4 Bolizl Wl i i B
helnmaaemeni (ki3 = | = - i |3 - - - &
| Humanities & Social Sitemee Cure | - - - g - - - 4
(HESC)
Project (1) - - = - - - 5 5 1
Program Electives (PE) =l =1 = | 4 & li
Dpzn Electlves (OE) = | = . - - - - 4 4
Hummnitles & Soeid] Seience Electives | - | 3 . - = - - 3
{HSSE) ' '
EAEIE - NIRRT 153
| 4/ '[III
AL
" £
.k‘ 1
1 ;
- | " TR
"5.::@# A e W -l e b
}-!- thh W - '--"-;Ill ' X
R .



Frestimen Yeur, Semester-

B2 | Catepery | Paper Code | Subject LT [P | Cradit |
i BEWM HAE-T] Enufreering Mathemniics-| 1| @ 4
T BEM BAS4Z | Bmpincerisg Phisiesd A=
3 sk AAS-18 | Appiied Engineering Chemistes HAENE 2
4, ET BEE-0] | Principles of Eleetrics] Engineetiite Y| i3 5
L HE&L 1A 8110 Profeyelonal Communizasion Y14 4
B EF ROE-10 Enginesring Crphlos TR R i
T AC -Andit Hubiest
| Towl [ ¥5 | 5 | 16 1=
Freshman Year, Semester-11
T | Cutegory | Paper Code | Sulject LT ] F | Crei |
1. BEn BAS-OY Eraineering Mutheimutios-{l 118 F
2 BEM UAS-08 | Engineering Fhysics-ll e T ]
3. BEM TWAS-09 | Engincering Chemisicy kT Tl ]
4. EF BLCS-07 Introduetian b Compuser Programming | 2 | 1 | & 4
% HELE BAG-e Humarities pnd Social Scienen Electiven | 2 p1 0 ]
6. EF BME-10 | Waskshop Technobigs HENE T
3 A Andil Subijeet
L Totul | 13| 5 [0} 23
Sophamore Year, Se mester-111
SN, | Cuiegory | Paper Code | Subject LT | P Credlt
E naM Basdl | Advanced Mathemopes ki Bationes | 311 10 ] 4
3 BSM ACT1 | Chemies] Engineering Froid Mechanies | 3 | 1 1 2 =
X EF BECT=12 Mue=laly in Chemienl Engineering R 4
4, bBC BUT-13 Clieisiical Engincering Process 31110 4
Colpakitlong
5. B BLCT-14 Thewnizal Engineering Mechanical MR E: L]
Cperadiofs
. EF BAS-T Communicafinn Sl g |04 2
i)} f s BEE-16 Electnumochanlcal Ensrpy comvigraiE 31112 ]
Tomal | 18] 6 | 18] 2%
Sopliomare Year, Semestor-IV
S.X. | Categary | Paper Code | Sukjeel LT [P Credh
< P 5l WBA-DT | Indusris] Managemetit z-| T |0 3
X pC BCT-15 | Tramspon Phetcoent 35(110] 4
3. nc BCT-1¢ | Sugar Technology 31110 4
A, DC BOT-17 | Hest Transfer Operition AN E] -8
5. iF SCTIT | Chomical Engneering Thermodynamics: | 371 1 | 0 | 4
1
[ & EF BEE3D | Samuladion Technigues alo|s| 2
7. AL BME-5& | Energy Wn‘ll LR 4_
Total |17 6 | 6] 38 |
- -t
- ] jll_a\-—' | .-r;‘ W\
){//'1;;.1?.,! L \3 \"“"“‘{”x o
: ‘F'L!'lll 0 ™\



Jonlor Year, Semester-V

[ SN, | Categury | Paper Code | Sobjeet | L |7 P | Credit
[ ] [l R a2 Enineering mid Monagors] Eceaomics 1 i ] ]
{13 138 BCT-2f | Chimisel Teglinolis 5 I fi i
| 3. D BET-37 | Mues Transfes) - R I I [
4. oo BCT-28 Bugar Froduuiton 3 I 3, L
&) oo BCT-Z9 | Chewnical Engmeering Thesmodsnamics- [ ] 1 2] %
il !
fi. i ACE-21 Enviroansentnl et Assessinien £ i l i 4
hunngermusi
Tatal | 17 § 4 I

Note: The studen) Is required 10 complele 1 days Endoatrin] training Ir Stmor tadustries ufiee V' Semester.

Junior Yenr, Semesizr-V1

SN | Catepory Faper Code | Sub)per L|T| P | Crenti
D DC BOT-31 | Alsabel Technology sI 1121 3
2 (S ACT-32 Sises Tromaler-I1 i 1] 2 4
3. 0C BCT-33 | Process Dynmmics, Cantral & ol )
Instrmmentrdion
4, be BCT-34 Chernleal Reactlon Erglneering 3| 112 5
3 PEI BCT-51 Process Integrotion o 3 | il 4
[ AT BiCT-30 Seminnr o -
Towml | 05 | 5 | 8 14
Mote: The student is required th complele 50-£5 days industrial training in Process Industries afier VT Seanester
nnd both trmining will be evalunied in Semester VIL
Senior Year, Semester-VII
SN, | Category | Paper Code | Subject LiT]|FP| Credi
1. o BT Process Equipment Desipn 1 | x| 5
& oc RBCT-2 Energy Renources & Applications N 4
¥ i, BCT-43 Chemizal Cantral i Sugar Fland AR E 4
4, PE2 BCT-# Progrmm Elective-2 B O O 4
L3 P BCT-410) Praject Part-1 6 [o]w| s
& AC BCT45 | IndvatrinlPracticu] Traming -
Tomt [92 [ 4 [ 12 |
Senler Year, Semestor-Vil
5N, | Cofepory | Paper Code | Sabject LT | M| Credi
L oC BCT-46 | Chemical Engineering Design T 12| 3
1. PES BCT-** Program Elective=3 O 4
& PES BCT-=* Program Electivie-4 00 4
T, OF BOE-** | Crpen Eleclive ijin] @
& r BCT=50 Provest Part-l] L R ) .
Tomd |12 | 4 |32 212
i i A% ¢
A
L ‘:‘.ﬁr T‘ﬁ" 1
Vi
3 B .
e 5 = L
M2 g DX
5 1'5'5.. d'\-tr_l' 'ill", A



Hiirmoon | Hes & Cueinl Selence Electives

N Paper | Subject Eroreqaliie | L 1| #] Crein
Cule Eulievt | s

| | BASIT | Homne Volies & Professiansl Ethics {2 1 110 3

E BAas-12 | Industrinl Prrehoimys | 3 1 I:hb 3

L i a1l | Indvetrlal Soclolog F2 11 lel 3

Eungheering Fundamentals & Depurtment Coro {Chemlcal Engineeting witly Speclallztion [
i Alcghal Techn

EN. Poper | Subsject Proreqaloles | L [ T | P Credis
Code il fret
Yearl
1| BCI-01 | Apcticd Enginecring Chemifry sj110 4
Year-1]
i BOT-T1 | Chemical Enginesring Fluid Mechunics - 1102 3
3 HCT-17 | Mumeriti In Chemical Engineering = K 4
1 | BCT-13 | Chemical Engineeritg Process - 3|+ |0]| #
Cabpulations
5[ BCTIA | Chemica Engiresting Mechusies [ 3
Cyperotions
i | BCT-15 | Transport Fhenomond - S L 4
T, BCT-16 Teghnalogy - Y16 4
% | BOT-17 | Hest Transfer Operation = ERAENEE
5 | BCT-18 | Cliemical Engiaeecing Thermosdynamics-S = A
Year111
an, BOT=2 | Chemical Techaoleoy - 3|4 |0 4
1. | BCT-27 | Mass Transfer-| T I L 4
[ A arT-18 | Sugor Froduction - 3 I I 5=
75 | BCT-20 | Chemical Engincering Thermodyrarics-1} . W
{2 | BCT-31 | Alcohol Techiology - Fl1 )] 2 5
15. | BCT-32 | Mimss Tranufr-ll BCT=17 b T O 5
16 | BCT-33 | Process Dynumies, Control & . ]2 &
fratimeniation
17, | BCT-34 | Chemical Resction Engincering . G 0 I - 5
Year AV
1h, | BCi-10 | Project Part-l - o|o[w]| §
15, | BCT-a8 | Process Equipment Design - 3|13 ] 3
1 BOT=2 | Encrpy Resources & Applicaions = PR 4
31 | BOT43 | Chemicst Conwal in fagar Plant . 3|1, [@ i
2k BOT-23 | lisdustrinl Pracikeal Tridiaisg - [P 1
75 | BCT-E6 | Chemical Engincering ﬂH]_.!II = 3| P .2 5
(721 | BCT-30 | Project Zovi-ll BCT4) |0 |ojio] 5 |
- \U
'1!-""'"'_ ‘\, LY
ﬁlu =1.I|'|. \ ry f ‘M‘*«. "*."'*"J



Program Elretives (Chemical Engineering)

& ramor | Sofyjoer Prereqolile Crrdie I
Code Buliuel
PE-1.(V] Semevtert
| BOT-31 | Process [mlegmalich 3-11 4
2 ACT-52 | Piping Design - 3.1 4
5. | BCT-53 | Sutistics} Desian of Expesimens 3171 4
4 BCT-34 | Provesa Flonw Sheet Slmulation 3} 1.1 4
3 BCT-55 | Feod Technnbogy = 111 d
PE-2 (V11 Senaestir)
1 BCT-61 | Fenillzer Techrobegy = I 4
2 ACT-62 | huclenr Engineering = 3 1] 4
3 BCT-63 | Compuintionn! Fluld Dynumics BCTE 111 1
4 BKE-53 | Total Cumlity Manopemenl - 3 1] i 4
FE-3 & PE-4 {VII] Semenier}
| BCT-71 | | Heieropehoons Calulvals & Multiphinns HCTH4 3| 4
Ranctos Dosign
2. BCT-72 | Pemolaim Engineesing - £] 1] 4
3 BOT-72 | Polymer Sclence & Tochnology N {i 4
d BCT-M | Gptimization Technigues in Chemizal - 3 o 4
Enginsating
5 BCT-75 | Stondardization & Cuality Assureines in - 3 o d
Chemical Industry
6. | BCT-76._ | Industrial Safoty & Huzand Manogerant S 0. 4
T BAS-22 | Mano Technology . 3 i 3
B, BCT-77_ | Project Engineering & hManagement - ] ] i
g, BCT=7H | Bloprocess Englneering Principlas - 3 1] 4
0, | BOT-7% | Muglear Reastor Techontogy - 3 0 4
Audit Conurses for I Tech. (Chemicsl Engineering) Stodents
A Paper | Snbjeci Proveguisite Credllis
“Code ' Subjeet
Year-
L | BAS-H | Environmental Chemistry - i[1]oD 4
i BAS-0S | Envirowment & Ezplopy - b o N 3
i BME-DZ | Pundaineninty of Mechianleal Engineering = = 20 I -
4. BME-DS | Manufactiuring Trocesses alr|n 4
s. | BEC0 | Fundamentals of Electioisien Englneering - 31|32 5
fi BASOf | Space Sciences - 2.1 118 3
Wenrail
b HAS-32 | Podvmer Clemlstry - I 4
E BME-36 | Energy Mannrement - 3| 50 4
= BEE-16 | Electromechanienl Ensrgy Conversion - a1 i
4. BEE-1§ | Introduction 1o Microprooessors 4 [ 1 ]2 -]
5 | MAS-109 | Forelgn Lenguage-French * 21118 3
3 MAS110 | Forgign Langusge-Cerman - 2| 1.8 i
T I MAB-IT1 | Forelgn Lanpuape-Spaniah - 21118 3
Yenr111
. | BLR-13 | Weural Network & Fizay Gystems = o | 4
X DCE-21 | Environmemtal Impoc Assessment & - i
b mend
3 BCS-15 | Dutrbase Mamagement System 3
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RCT-14: CHEMICAL ENGINEERING FLUID MECHANICS

Courke Category ‘Depurementl Core (DT

Pre-requigite Subject iNIL

Contaet hourshweek Lenpure '3, Ttorial T, Pretical; 2

No of Credits .5

Course Aseessment | Conlinmous sssessment {hrough tutorials, erendancs, home

Methods assignments, quizzes snd one minor 1255 one major theary
mitdd practical test.

Course Outcome Students ore expected o

= apply besics equation fiuid Mow operations
o understand compressible, inconipressible fluids anil
Tguid mixing
o gnderatand fuid Now measeremon! device ol
~a}eulstions of pressure drap in pipelings
o telect device for prmptng of Tuids
Syllabus

UNIT 1: Finid Flow Bssics
Fluld flaw phenomena. Types of fluids. Basic equations of fluld flow: Macroscopic momemkm
halance, Macroscopic balanes in patential flaw- Bernaulli thoorem and jts spplication.

|9 Leetures]

UNIT 2: Compressible and Tneompressible Fluids
Flaw of incompressible fuids in pipes and elosed charmels, Process of compressible fluids,
Liquid Mixing: Types of mixing patterns, miking mechaniam and mixing equipment’s.

19 Lectures|

UNIT 3: Fluld Flow Measurements

Measurement of Pressue Devices, Fluid flow measerement using Pitot tube, erifice metar,
nozzle, venturimeter, variable arca MELErs, noteh o weir, yhrazonic Aowmeters. Caloulation of
Pressure Drrop in & Pipe, Minor Losses in Fittings, Concept of hydrodynamic houndary layer,

growih over o flat plave, different thickness of boundary \rver, types of fluidization.
|4 Lectures]

UNIT 4: Pumplng of Fluids

Hydraulic pumps: Fositive Dhsplacement Pumps, Reciprocating Pumpt. Rotary Pomps snd
Screw. Pumps. Centrifugs! Pumps, Chaoracteristie Curves: of Centrifugn! Pumps, NPSH,
Centrifugal pumps verses Reciprocating pumps pump losses and Efficlencies, Multistage
sumps, Work and power Trpul, 19 Lectures

Bools
| WeCabe W. Smith 1, “Unit Operatione of Chiemical Enginesring”, T Edition,
MeGeaw Hill Edueation (2017).
2, Gupts V., Gupta S. K. “Fiuid Mechanics and its Applications”™, Wiley Eastern, New
Delhi (1984).
3. Shomes L H., “Mechanles of Fluids™, 4" Edition, McGraw-Hill, Inc (2002)
’ L%
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4, Coulson J. M. Richardson 1o F.. "Chemical Englneering: Volums=I", 4" Editina,
Pergamom Press ( 1990)

3 Jein A. K., “Fluld Mechanics ingluding Hydraulie Miachines®, Khaonn Poblishers,
Dyalthb (2007)

6. Geanleoplie C. L, "Transport Processss and Unlt Opsrations™. 4% Edition, Prentice-Hall
ing (2004},

CHEMICAL ENGINEERING FLUID MECHANICS LAR

l.  Tofind the flow mte using & V nolch,
2, To find the friction losses in n Strmight and berd pipe.
3. Swdy of Pipe fittings and Valves
4. Tosgudy the Reyniolds npparatus and verify expesimentally.
5. To study the working principle of a teciprocating pump and 1o determiine the percenfuge
of slip.
6. To study the working principle of » centrifugal pump snd determine its efficiency
experimentally. '
7. Tofind out the flow profile of water from hook's gauge and detérmination of eoefficient
of velocity, coefficient of discharge, coefficient of resistance. coefficient of contraction.
‘8. To determine the pressure drop in 2 packed bed by Leva™s and Ergun's equntion nnd verify
experimentally,
9, To determine the minimom fluidization velocity in o fluidized/tapered fluidized bed and
verify experimentally,
10, Determination of discharge coefficient with Reynolds Number in case of on orifice meter
-and & ventur! melers,
11 Study and verification of the flow pattern in 0 Bernoulli’s apparatus.
12. Determination of the mixing, fluidization and segregntion index of the given sample of
bed materinls in & fluidized bed.



ACT-12: MATERIALS IN CHEMICAL ENGINEERING
Course Calegory - Depnrteentil Core (LK)
Pre-requiste Subject ; NIL
Contact hoursiweek Leetire 3, Tutorlal ], Practical:
No of Credits =
Course Assesement  : Confinnous assssman throogh wisrinls, giendanes, kome
Methods assipninents, quizses and ome minor wes and one mnjos
theary tost. '
Courie Oulcome Students are expested o
o Select materinls for design and gonstruction
o wndersmnd the different metals and thelr allays
o underemand characterization/ ahalytical rechoiques
for the nato’micre strictres
o undsrstand typical engineening rmterialy like glnsa,
oernmics e1e

LY

Byllabus

UNIT 1: Introduction and basic prineipals

Introduction to materinis and their principle propenies. siruclure propeity selationships n
materials, ASTM methods for property determination, testing of materials, destructive and
—pondestructive tesis, stryeture-of mom and -chemical bands, crystal structures and their
influence on materinl properties, defnrmation and slip processzs, |9 Lectures)

UNIT 2: Metals and their afloys

Tron — Carhon disgram, Ferrous and nanfemois alloys, mild steel, specini steels, stalnless steels,
bragses, aluminum alioys andl titanium alloys, high and low \emperature material, insulntion,
refractories. Heat Treatmenis; Methods for fabrication, rolling. bending. centml punching,
riveting, and welding. [9 Lectures|

UNIT 3: Experimental Technigues

Electron Mictoscopes, scanning electron mierassopy (Basics. Principnl Elements, working),
frensmission electron mMicraseopy (Basies, Pringipnl Elements, working). Scamning piebs
microscopes; SCANMING. pnneling microscopy, atmnic force microscopy, oine Linds of
milcrosoapes; X-ray diffraction, Surface s analyzer, FTTR. 19 Leetures|

UNIT 4 Typieal Engineering Materinlt
Ferroiis metals: menferrous metals uid alloys; aluminun, copper, lead, in, zine, alloys for high
temiperature SETVICe, cerpmic malerinls: Sructure, Polymorphizm, mechunical, electrical and

thiermal praperties of ceramic phass, snar imateriats, biomaterinls, nanomatesials.
|9 Lectures)|

Rooks:
L. i Choudhary 5. k. shMaterial Science and Processes™, Indisn Book Distributing Co. .

(1982}, :
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B i {‘;\‘" .
Ty : \/ ) b
AN

-\.r. .\- "-':.\
i %



I

A AL
1.3

Faghavan V., “Muoierial Science and Engineering « A Firs) Course™, 37 Edition, Prentice

Hall: [ndin Pvi, Litd,, New Dalhi (1096)

. Callister W, P, “Materisl Seicnce and Enginegring: An Introdoction”, 7 Edition, John

Wiley & Sons (2006) _
Van Viaclk, M. L. “Elsments of Muoterinis Sgience™ 2 Edition, Addision-Werky

Pablishing Company, NY (1964)
Gupta R, €., “Principles of Materials Sclence and Enginesring”, Dhenpat Rai & Co.
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BOT-13: CHEMICAL ERGINEERING PFROCESS CALCULATIONS

Course Cotegory : Deperimental Core {DC)

Pre-requlsite Subject s NIL

Contect houreweek - Lecture: 3, Tutorial:l, Practical: O

No of Credits uf

Course Assegsmient Continuous assessment throvgh tutarials anemdance, home

Meihods arsignments, quizzes and one minor fest and noe mEjor
thedry test

Coprss Ouicome Students are fble 10

o ‘perfrm basic unit cony gisions and calealotions

5 perform materind and encrgy Iaisnee ealenlations
without and with chemieal reaction

5 perform enerzy balance calculations

5 spply material and encrgy bajance ealculstions 1o unil
pperaticns

Syllabus

UNIT 1: Mathematical Principles

Dimensions and system of units, Fundamentl and derfved umits, Drimensional consistency,
Dimensional equations, Different ways of expressing wnits of quantitics and physical consnt.
Unit conversion and its-significnnce, Calenlations for male, molecular welght, ‘equivalent
welght, etc., Compasition of gaseous mmisctures, Higuid mistures, soiid mixtores, &<, 1deal gas
law dt other equations of state and \heir applications, Dalton law, Raouit’s law, Henry's law,
Solutions and their praperties. (06 Lectures]

UNIT 2: Materinl Balnnce for Physical and Chemicsl Systens

Concept, material balsnce caloulniions, resyeling and lypassing operations, intraduction 10
umstendy Sl processes with exnmples like batch reactor, acctmiulation of inoyl eomponemis
electrochemical renottons, recyeling and By-passing Operaions.  [12 Lectures]

UNTT 3: Energy Balanee

Cancepl, ehergy ond Thermo chemistry, energy balnnces, heat cophcity of pure substances aril
milactures, latent heats, enthalpy of pure substances and mixtures, absolute enthalpy, heat of
reaction, adisbatic reactins, thermo chemistry of mixing processes, dissolution, fiquid-figuid
mixtures, gae-lguid syvlems, 110 Lectures]

UNIT 4: Stoichiometry and Unit Operations

Distiflation, homidificaton, absorption and stripping extraction and leaching, crysiailization,
Psychrometey, drying evapatation, introduction to stoichiometry and industrial problems
(08 Lectures|

Books:
|, Bhow B, L. Vora; S, M., “Stoichiometry™, 4™ Edition, Tata McGraw-Hil (20104},
2. Hougen; O, A, Watson, K. M and Ragatz, R, A, “Chemnieal Process Principles Part-T7,
Johin Witey and Asia Publishing {18700

2 -
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Himmelblsu, D M., "Basic Princlples ond Caleulations in Chemleal Engineering®;

Fourth Edition, Preuties Hall Tng, {14827,
Whitwell 1. C., Tone B K., "Conservation of azzand Energy 7, Melraw-Hill (19731

5. Process Caloulntion for Chemica) Engineering. Second Revised Edition, Chemical

Enginesring Education Dovelopment Centre, 11T, Modras 1981,
Namayanan K. V., Lakshmikutty B, “Stoichiometry and Process Coloulstions” PHI

Legming Pyt Lr;L, Wew Dethi (2016,
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BCT-14: CHEMICAL ENGINEERING MECHANICAL OPERATIONS

Course Catzsgury - Departmantal Core (DC)
Pre-requlsile Subject : NIL
Contaet hoursiweek : Leeture: 3, Tutorial: |, Practical; 2
No of Credits 5
Course Askesement - Continuous assessment through uterials, amendance, hiorie
Methods psefpnments, quizzes and ome minor tesL ane major theary
and practizal fes,
Course Ounicome Stidents expocted
= understand properties of particles and the separation
technlques for solid panicles
o sslect suitable equipment for size reduction of sofids
and conveying svstem Tor transportation of selidy
o celect suitsble type of filter for shurry Dltration,
thickeners and clariflers
o  understand conceot of fluidization
Svllabos

UNIT T: Screcning and size reduetion of solids

Fraperties of solids, Performance of screening equipmentitenting sieves, U5 sieve series, Tyler
ciandard sieve serics. sieve shaker, types of sorcen anilysis Necessity af size reduction;
crushing eificiency; energy requirement cileulations by using crushing Tews. Classification of
size reduction equipment; Crushers, Grinders, Ultraline erinders, Cutters. Dy versus wel
erinding. Open and closed-chreuit grindmg. [10 Lectures]

UNIT 2: Settling, sedimentation and fividization
Mation of particle in fluld, drag force, drag coclTicient. Gravity setiling methods, Terminal
falling velocity, Stoke™s law and Newton's fow of setrling. Gravity sedimentation operations,
Sedimentation test, Kynch theary, Determinstion of thickener aree nnd depth of thickener,
Classification, Types of classification equipment.

{11 Leetores]
UNIT 3: Mizing and aghiation
Types of Auidization, Muldized bed systems, deermination of minimum fluidization velocity,
flow through packed bed, applications of fluidized bed.

[7 Lectures]

UNIT 4: Filtration and Conveying of Solids

Classifieation of Tiltrtion and fllters. Theory of filtration-equations. Filter medizand filter aids.
Birich and continuous flters. Plate and frame filter press: Storoge of solids, characteristics of
bull galids, Conveyors: Principle, Construction and Working. Advantages, Disadvantages and
design caloufntions of Belt Conveyors. Screw conveyors, Chain & Flight eonveyars, Buckel
elevators and Preumatic conveyors, cyclone separalor, electrostatic separatar, fabric filter,

&
L]

[0 Leetures] -
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Boals:
1. McCabe W., Smith J, “Unit' Gperations af Chemical Engineering™, 7= Edimicn,
Metgrow Fiil Education £2017)
Couloon & Richardson, “Chemical Engineering: Voluma ™. Permtinon Press
12002)
5. Covlson & Richardson, “Chemienl Engineering: Volume I, Peloamon Press
(2002}

MECHANICAL OFERATIONS LAR

Detarmination of averngs particle size ofn mixture of partioles by sieve annlvsis.
Study and operstion of Jaw erusher and thereby verification of Ritinger"s consiant,
Determination the viscasity of fuld in falling ball viscometer

Detemrmntion of the effect of no of balls on erinding in a Ball sl and comparison of
its eritical speed with the operuting speed.

To determine minimum aidization velogity,

Determination of the effectiveness of a gyratory sieve screen.

Study and operation of a Gyratory Crusher and thereby finding its reduction ratio.

To find the cake and filter medium resistance of Plate and Frame Filler press.

L)

o =

Ao rd

. To find the filter medium résistance of & press and frame Fillers.
m To find out the efficiency of separation of cyclone separntor.



RCT-15: TRANSPFORT PHENOMENA

Course Categary : Deparimantal Cose (DC)
Pre-requizite Subject Fluhd Mechanies (BCT-11)
Contact hoursiweelk - Lectore: 3, Tutorialil, Practical: 0
No el Credits .4
Course Astessment : Continuous pssesmment throtgh nioriale, anendance, homs
Methods asslonments, quiz¥es and one miner tet and onc reaajor
thedry 1est.
Course Outeome Students aro able ke
o mmdemsiand concept of viscosity, thesmal conductivity
niveh diffusivity

o mpply shell momentum, hest and mass balances i
chemical enpinesring problems

» undersinnd eoncent of interphose meimentun. beat
and thass transpon

Syliabus

UNIT 1: Momentum Transport

Vectors Tensors, Newion's lew of viscosiry, Tempepaturs, pressure and - composition
dependence aof yiscasity, Kinetic theary of viscosity, Shell momentum balance and it
‘application, boundary conditions, equmtion of contingity, equation of mation.  [09 Lectures)

UNTT 2: Hent Trousport
Fourler's law of hent condustion, Temporaiure, pressure and composition dependence of
thermal conductivity, Kinstic theory of thermal cenduetivity, Shell enerpy balance, boundary
conditions and its application, equation of motion for foreed and free canvection.

|09 Lectnres]
DNIT 3: Mass Transport
Fick's lnw of diffusion, Temperature, pressure and compasition dependence of diffasivity,
Kinetic theory of diffusivity, Shell mass balance and its npplications. (69 Lectuns]

UNIT 4: Interphase Transport

introduction to the concept of heat and mass transfer coeffieients. Interphrse mass trangier
virious coefficient of mass transfer and their determination, resistance concept, controfiing
phase concept, Mass tramfer in wrbulent flow, Analogies of ‘mnss transfer, Empirical
equations. Theories of mass:fransfer, ™o film theory, Highles penetmtion theory, Derivation

of flux equation, surface renewal theary, [8 Lectures]

Text Book:

1. Bird & B, Stewert W.E., Lightfoot EN., “Trantport Phenomend™ 2 Edition, John Wiley & Sons
ooon

T Besk W, Mzl K. M. K., Heoven L W. Vi, Transpar Phenomena., 2* Edition, John Wiley
& Soms (2000)

3. Plawsky ). L. “Transpent Phenamena Fandzmentals™, 3 Edition, Marcs! Dekker, New York
(2014) .

§. Brodiey RS, Herhey H.C, “Transpan Phenomena: A Unified Approach” MeGiraw-Hill (1989)

18 AN
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BCT-16: SUGAR TECHROLOGY

Covree Catezor * Deportmental Core (D)

Fre-requisiic Sehject s RIL

Cotitaet hoorafwesl; t Lecture: 3. Tutorfal:], Prootical: O

Mool Credite =4

Coorge Atcéstment : Continuous psesesinent throt gh tirtorinls; atiendanee, home

Methods nssignments, quizees and one mingr test and ane MEjor
theory test.

Coorée Quteome Students are abls to

o sugar production

o juiee processing and alooholic bevernses

o manufecturing of csbonsted  hevepases  nd
sonfectionery

& manufaciuring of misceliancous products from sgear

UNIT I: Sugar Produetion

Raw Materinls: Sugarcane and beet, Manufietre and properties of Granulated end Liguid
sugurs, [nvert sugar nnd their characteristics, Specinlty products of Sugnr Industry, Black strap
Malnsses, Sugar production prosess Energy and moterial balsnce. [¥ Lectures)

LINIT IT; Juice Processing and alcoholic beverages
Extraction of julce, drying, Bagasse, juice purification, Clarification: Lime_addition, pH
control, treatnient, evaporalion, vacuum pans, eryseallization, washing of sugar crystals and
centrifugnl separation. Sugar: refining, analysis, recavery, balance, energy comservation, plant
sanitation. Technology for Aloaholic Bevernges: manufscture of beer, wine and champagne,
quality characteristics for manufactire af distilled beverages: whisky, brandy, rum and gin,

[9 Lectures]

UNIT 11 Cabonated Beverages and Confectionery

Carbonnted beverages ml eonfectionery: Manufactore, quality aspects, sugnr-free. sugar-less
carbonated beverages, Confectioners manufucture: high bolled sweets, Ingredicnts, cenfer
filled, lollipops; coextruded products: gums and jeffies, [ Lectures)

LNTT IV: Miscelluneous prtducts from Sogar
Miscellancous Products: Caramel, Toffee, fudge, Liguarice paste and sernted confectionery,
Lozenges, sugar pannings nnd Chewing gum, Countlines. [% Lectures]

Reference Books

lv Jockson B B, “Sugar Confecticnery Manufactuie™, 20¢ Edition, Aspen Publishers Inc.,
(1999) .

2. Shachman M, “Sofi Drinks Companfon: A Technieal Handbook for the Bevernge
industry™, CRC Press (20035) _

3. Minifie B. W., “Chocolate, cocoz and confectionery-Seience and Technology™, 3™ Edition,
Aspen Publishers The, (2010)
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BCT-17: HEAT TRANSFER OPERATION

Course Categor - Depmrtmentsl Care (D)
Pre-requiulte Subject tMIL
Contact hoursiweek - Legture: 3, Tutorinl: |, Prectical: 2
Na of Credliis L
Course Assessment + Continbous nssessment (hraugh mutorials; anendance, home
Methods nssignments, quizzes and nne minor test and ohe major
theary and one practical lest.
Course Ouleame Stusdents sme able to
= understand concepr of conduction, convection and
radintiions

o able to do dezizn heal exchanger

o understand concept of evapamtion operation
Syllebus
UNIT 1: Conduction
Modes of heat trinsfer, Thermal conductiviry, thermal inswlation, wnlte and dimensions.
Genernl ditferentinl equation of eanduction, Steady state heat condoction. Contaci regisiances,
heat transfer between surfaces and surrounding, critice] thickness of msulation. Hear transfer
through extended surfaces of tniform cross section. Enhanced heal transfer; concept of fins,
Fin elficiency. [8 Lectures]

UNIT 2: Conveetion — -—
Natural and forced eonvection, principal hant balance equation In lsminar flow Empirical
equations Tor convestion heat transfer in turbulent fow through tubes, thigugh annulus gnd
over o flat plote. Dimensiona) analysis, dimensional groups used in heat transfer. Condenzation:
Modes and features, Nussalt’s eguation, condensation on vertical and horizental plate Boiling: Pool
hailing of saturated liquid, types of boiling. concept of eritlcel heat flux.

[11 Leetures]

UNIT 3: Radiations
Thermal rudiation, black body radiation, properties of mdiation, laws of mdistion, The
radintion shupe factor, various eases of radiation benween twa surfaces, radiation shields,

[ Lectures]
UNIT 4: Heat Excliangers avd Eviporators
Basic types of heat exchangers. overall heat transfer cocfficient, fouling factor. Druble pipe
heat exchanger design by LMTD and effectiveness-NTL methods calenlations of overall heat
ransier cosiicient and area), Shellend tube beat exchangors
Introduction, types of evaporaiors, materinl and energy balunce, boiling patnt elevation,
capacity and coonomy, multiple effect evaporators. iR Lectures|

Books:

. MiCabe. W, L., Smith, J.C., Harriott, P, “Unit Operstions of Chethical Engineering™, 7 Edition,
McGraw-Hill 2017)

7. Holman, J, P, “Heat Trungfer™, McGrovw-Hill (1996}

3, Coulsom, 1. M. & Richardsom, J. F., “Chemica! Engineering: Vol-1", Bunerworth —
Heinemann {2003 _

4. MecAdums W, H., “Hent Transmission™, 3* Edition, Krieger Pub Co (1%83),

5. Kern D, Q., “Process Heat Transfer”, MeGraw-Hill (1850).

i

16
Lo
/%'}’{;1 4 :

i 4 £
| jf‘ l::\l".\- I' g ; S "',":,'L h‘-_
‘\ % 1':.'"- A .-.,"1' .
f ! !::‘ sl :"l. 1



6. Badger W. L. & Banchard J. T, “Intradustinn th Chembcal Enginesring®, Tits MeGraw

T (1955).
7. Rudromoarthy R and Muylissmy K. “Heat and Muss Transfer™, Pearsan (2010)

HEAT TRANSFER LAB

Experiments can be planned as per the following list

To stady heat trensfer thrdogh lagoed pipe.

To Tind out the thermal eanductivity of liquid.

To study hear transfier In composite wall and find equivalent thermal conduerivity,
Ta find our the convestive heat transler co-=Miclent of vertical évlinder in natum!
conyeetion.

To determine convective hest tranafer coefficient in forced eomvestion.

6, To find out the overall et transfer co-cfMicient of & double pips heat exchanger,

7. To find out the overall heat transfer cosefficient of 1-2 thell & tube ket exchanger.
B, Tostudy the heat wansfer cocfTicient during drop wise and film wise condensation,
9. To study the heat transfar coefficient in a vertical end a horizental condenser.

10, "To find out the emissivity of o surfbce.

11, Ta find out the Stefan-bolzman constant and compare with the theoretical value.

12, Study and operation of n batch evaporator.

-l
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BCT-18: CHEMICAL ENGINEERING THERT'!'I‘[]T}TE&HI CE=1

Course Category + Departmentnl Core (DC}

Pre-requisite Subjeet v NIL

Contact boersiwesk + Lectore: 3. Totoridl:1, Pmeticali ()

Noof Credits 4

Coures Acrprvment ¢ Confinuous assessment through nuthrials, atizndance, home

Methuode sssloniments, guirzet and one minor text and one mefor
fhizory (e

Course Outcome Studéntz ore able to

o apply the first low of thenmodymnmics

= select approprate equation of state for iepresonting
the P-¥-T bekaviour of gases

ealeselnie the fdenl ned actial efficiencizs of heat
sngines nud performonce of heat pomps

o opply coneepl of laws of thermodynamics

Svilabus

UNIT 1: First law of thermodyaamics and bosic concept
First low of thermodynamics, thermodynamics state and siste funciions, equilibrium, phase
riile, reversible process, constant PV processes, enthalpy, heat capueity. intemal enerzy,

' ' [10 Lectures|

UNIT 2: Volumetric properties of fluids

PVT behaviars of pure fluids, equation of siute, processes invalving ideal gases, equation of
state for real gases, heat effects accompanying chemical reactions, [10 Lectures|
UNIT 3: Second liw of thermodynamics _
Second law of thermodynamics, Entropy, Camet eycle, Clausius inequality, entrapy and
irreversibility, residual properiies, twe phase systems, thermodynatiic diagram. [9 Leetures|
UNIT 4: Application of laws of thermodynnnzics

Flow processes, refrigeration, liquefaction processes, steam power plant, interns] cambustion
engines and gas turbine power planis |7 Lectnres]

Text Book:
I, Smith, J. M., Van Ness H. C.. Abbot M. M., ‘Introduction to chemical engincering
Thermodynamics™, 7" Edition, MoGeaw Fill Education (200%)
2. Koresky Millo D, “Engineering and Chemical Thermodynamies” John Wiley & Sons
(2004}
Relerence Bookst
. Bevan ©O. Juliona Boerlo-Gomtes, Chemicel Thermodynamics Principles - amil
Applications, Academic Fress (2000).
2. Gopinath Halder, *Introdustion w0 Chemical Enginecring Thermodynamics', FHl
Learning Pvi. Lad. {2009)
3. I Richard Elliott Carl T. Lira, ‘Introductory Chemical Engineering Thermodynamics,
2 Edition. Prentice Hall, (2012)
4, Thomas Engel, Philip Reid, Thermodynamics, Sutistical Thermodymamies and
Kinetics, 3™ Edition, Pearson, (2012)

3. Rajoram J., Korlacose ). C,, Chemical Thermodynamics Clssieal, Statistical and

Irreversible, Pearson Education India (2013)



BCT-26: CHEMICAL TECHNOLOGY

Course Category : Beportmental Come (DC)

Prereguicite Subject WIL

Conizet hotrefveck ! Lecture: 3, Tutorial:], Frecikesl: 0

Mo of Crotdils i

Course Asgessment  © Costinuous assessment through tatorjals, atendance. home

Methods assigmnents, quizres and one minan 2460 el one mejor
theoary test.

Course Dhtcomte Soadents are able to

o pulp & paper and themicals derlved from coal
o petrochemicals

o sulphur and chioro-alkali Industries

o petroleum and polymer synthetic Tibm

UNIT & Pulp and paper, Coal chemicnis

Pulp and Paper: Raw materiels, pulping processss, recovery of chemicals, stock preparation
and paper making, Coal Chemicals: Virious processes for obtaining conl chemicals, coal tar
distillation, F-T und Bergious processes for hydrocarbon production. [ Lectures]

UNIT 1I: Petrochemicals

Petrochemicals:- Manufscturing processes-of formaldehwde, acetaldehvde, acetic acid, acetic
anhydride, maleic anhydride, nitrobenzene, ethylene oxide, ethylene ‘glyeol. Pestivides:
Processes for manufactoring of insecticides, fungicides and herbicides, Fuel and Industrial
Gases: Technology eptions of producing producer gas, syn gas, pyrogas, nitrogen, oxygen and
carbon dinxide, |% Lectures)

UNIT UI: Sulphur and chire-alkali

Sulphur Industrigs: Orfgin and extraction of sulphur, production rotites of suphuric aeid and
aleam. Phesphorous Industries: Manufacturing of phospherus, phosphoric scid and phosphatic
fertilizers. Chlar-Alkali Industries: Production of common $sk, caustic soda, chlorine,
hydrochloric acid and soda ash, Nitrogen Industries: Manufacturing of nmmonia, nitde peid,
nitragenols and mixed fertilizers. Explosive and Propellants, 19 Lectures)

UNIT IV: Petrolewm, Polymer and synthetle fber

Petroleum Industry: Origin, oceurrence and characterfstics of crude oil, crude ofl distiTlation
onid secondary processing. Polvmer and Synthetic Fibre: Tntroduction o palymerization,
commaodity polymers, ravon, pelyester, palyamide, nerylle fibre and nylons. |9 Lectures]

Text Books:
I. Gopals Rao M., Marshall 8, *Dryden’s Outlines of Chemical Technology”, Affifiated
Easi-West Press Pyt Lid (1997)
1. Austin G, T.,"Shreve’s Chemical Process Industries®. 50 Edition, MeGraw Hill {1984).
3. Mouliin LK, Malkee M., van Dicpen A, “Chemical Process Technology”, 2 Edition,

Wiley (2013). )
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BOT-27: MASS TRANSFER-I

Courze Category : Departments] Core (DC)

Pre-requisite Subject » Basiv Thermodymamics, Process caletiliticns

Caontret hoarsiweel; tLeoturés 3, Tulorial:l, Proatical: O

No of Creidli= =

Course Ampcpgsment | Continupus assessment through futoriads, atiendance, homs

Muethiods amsignments, quizzes and oné minor el ahd ahe major
theary test.

Course Ouicome Students kr= shle 10

o toumderstand concept of diffusion and theorizs
able to desion ghsomption column

ahle to dosizn covling towes

akile to design crvaralliver

O Q.0

UNIT 1; Diffusion

Introdustion to Meise transfer operatfon, Diffusion: Fick's Taw of diffusion. Steady smre
mleculat diffusion in Auids ender sispoant and laminar flow conditiony, DifTesion through
virfahle cross-sectional aren, Diffusion cocfficient: messwrement and prediction, Multi
companent diffusion, Diffusivity in solids and its applications. Intraduction 1o mass transfer
coefTiclent. Equintolar counter-diffusion; Correlation for convective mass wanster coeiticient,
Correlation of mass transfer coefficients for single cylinder, Theories of mass transfer,
Penetration theory, Surface Renewal Theory, Boundary Layer Theory, Interphass ASS fransfer
theary, Overall mass transfer coefficient. [9 Lectures]

UNIT 2: Humidifieation and dehumidification

Humidificotion & Dehumidificetion; Vapour tould equilibrium and enthalpy for & pure
sttbstance, vapour pressure Emperuture curve, Vapour ges imixtures, Definition and derivations
of melationships roisted with humidity Fundsmenm! concept of hwmidification,
Dehimidification mnd water cooling. Wet bulb tempersture, Adiabatic operations,
Classification and design of coaling towers,  |% Lectores)

UNIT 3: Ahsorpiicn
Abgarption: Introduction, Absarption & Steipping: Equipments, Gas-liquid equilibria, Henny's
law, Selection of solvent, Absorption In uny column, Griphical and analylical methods,
Ahsorption in packed columns, HTU, NTU & HETP concepts, Deslgn equations for packed
calumn. Murphes efficiency, piate efficiency. |¥ Lectvres]

UNIT 4: Drying

Dirving: Solid-gas equilibria, Different modes of drylng operaticns, Definitions of maolsture
conients, Types of hatch and comtinuous dryers, Rate of batch drying, Time of drying,
Mechanism of batch drying, Continwovs drving, Crysillization: Equilibrium. Yield of
Crystallization, Heat and Mazs Transfer rates in crystallization, Thearies of crystallization.

[@ Leetures] ot
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Text Boofis:

1. Treyhal B 'Mass Trensfer Operations”, 3=Edition, MeGraw-Hill: New York (19840).

2, Geankoplis, €, )., Tranmpon Procésses and Unlt Operstlons’, I¥Edition. Pramtice Hall.
(1843)

3. Cotlson & Richardson, Chermical Enginecring Vol. [I', Pergamon Press. 3002

4. MecCebe, W. L., Smith, J. €, “Unit Operations of Chemical Engineering’ 3" Edition.
MeGrraw-Hill (1976)

5, Bancheéro LT., Badger, W.l., ‘Introduction To Chemical Engineering’, MeGraw-Hill
Ime.d 1935)

6, DunaR.K., “Principles of Muss trinsfer and Scparation Processes”, Prentice-Hall of Tndin,
New Delhi (2007).



BOT225: SUGAR PRODUCTION

Course Category + Deparmmetiinl Core (D)

Pre-requlific Subject : Sugar Technology (BET-16)

Contact hours/week « Lecture: 3, Tutoriak], Proctical: 2

No'of Credils 5

Course Asseecment - Continuous assessment through tutorinls, sizndancs, home

Muthiods msslpnments, quizzes and one minet test and one majar
theory end practical 125t

Coorse Dutcome Students are able 10

o cane operations

o milling operations
o diffeser and sepornios
o EVAPOMMTIONE

UNTT 1t Cane Operatlions

intraduction of Sugar production. Canz handling Unloading ‘of cane. Cone carrier -
Determination of slope, leagh, speed widih and power consamiption. Cone¢ preparation:
Principle and desipn of different types of knives, kicker, chopper, leveler mnd cutter, fibmzer,
aliredders, mincer. Azsessment of bufk density snd preparatary Index and their metands of
analysis, ' [9 Lectures]

LINET Tz Milling Operations

Mill Funatlon, different types of housings, tmsh plate ane itz function. Pressure in milling
Prossure-volume relationship, reabsorption factor, compression rtio, filling ratin, fibre
lontling, specific fibre loading. hydraulic pressure, specific hwdraulic pressure, polygon of
forces in o mill.

Imbibitions Principte, different sysiems of imbibition, methods of applieation af imbibition,
hot snd cold imbibition, optimum fmbibitions and #ts efficiency. Mill capacity muid
performance. i% Lectures)

UNET HT: Milling, Diffusers and Separptor

Factors affecting mill capacity snd performance. Types of diffusers and their description,
retention time, power and stoam requirement, capacity, antom atie controls, treatment of their
Juices, their merits and domerits. Fine bagnse: separators- Difterent types of separstars, their
application, advantages and disadvantages. [9 Leetures|

UNIT IV: Evaporators

Evaporation of Juice, Eveporator, steam quality, Drying and copling of sugar on hoppet,
arading of sugar, packing of sugar, keeping quality of sugnr. storage of sugar, storage of sugar,
utllization of bagnsse, Molasses. [# Lectures]

Text Books:
1. JamesC, . Chen, Chung Chi Chow, *Cane Sugar Handbook: A Manual for Cane Sugar
Wanufacturers and Thelr Chemists Cane sugar’, 12Edition, John Wiley & Sons { 1943)
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2. Mathur £ B, L., Handbook of Cane:Sugar Teehnology”, Tndinn Book Houss Pit L
(2004
3. H.C.PrinsenGeoerlips, ‘“Method of chemical eontrol inexne suesy fztory’, Naby Press
{2011}
Name of experiments

Experimeants cany be plannad as per the following fist;

1.
L
3.
4,
-
8.
7.
B,
9.
10,
H
I']

13,

Estimation of reducing sugars from juice by luff's method,
Estimation of reducing sugars from jities by potassium ferric evanide method!
Estimation of sucrose by Jackeon and Gillis method.

Determing the Brir, Pol snd apparent purity of Gur,

Estimation of eolor from suger eane juice,

Prepare the B.T.B fest papers in the lab ind test the pH of Julees.
Estimation of CaO eontent in juice.

Estimation of Pz0s content the given triple sugar phosphate sample.
Calculate the size of the supar crysal

Qualitative test for carbolayvdrates( déext rose){Benedict’s tast).
Determinntion of sulphitation ash the given molasses sample.
Determination of S0z content in juices and syrip.

Determination of ash% in juices, sviup, massecuites, molasses efe,



BET29: CHEMICAL ENGINEERING THERMODYNAMICS -1

Course Category : Deprtmentn] Core (DC)

Pre-requisite Subjeet . Chemical Engineering Thermodynmmics-1 (BOT-18)

Contoet hourgfweel « Leeture: 3, Tutatial:], Practizal: 2

Nao uf Credits -

Coitrse Asscatment - Continuous sssessment throoph totorials, sttandance, home

Methods assignments, quizzes and cne minor test and one majos
theory ard practical test.

Course Quteome Students sre able 1o

o vapar-tiguld equilibria and to fash caloulstion:

o chemital potentinl and its applications

o activity coefficlent. Gibbs Energy and chemicol
reaction equilibria

o muit-phess reections

ONET 1: Vapor — Liguid Equilihrin

An Introduction 1o vasour-Liquid Equilibris, qualimtive behavior of the vepour-liquid
equilibria (VLE), Simple models for vapour liquid, equilibrium, Flash caleulations, Sclution
Thermadynsmics, theary fimdamenial property relation. 19 Lectures|

UNIT 2: Chemical Potential

The chentlcal potential and phase equilibria, Pariial properties; ideal gas mixtures. fugacity and
fusacity cosfficlent for pure species, the Lewis/Randal] rule, excess prapertiesthe excess
Cibbs energy nnd the netivity coefficient the wuture of excess properties. Solution
Thermodynamics; Applications Liquid phase properties from VLE dam, |9 Lectures]

UNIT 3¢ Activity Cocflicient, Gilbbis Energy and Chemienl Reaction Fauilibria

Actlvity coefficient, Excess Gibbs cnergy, Models for the excess Gibbs energy. Propery
changes of mixing, Heat effects of mixing processes, Hests of solution, Enthalpy
Concentration dingeams, Chemical Resction Equilibria, Relation of equilibrium constants (o
cofnposition, [9 Lectures)

UNIT 4: Reaction Equilibrin

Gas-phnse mnd liquid-phase reactions, Equilibriom conversions for single resctions, Singie

phose redctions, Resctions in heterogencous §ysiems, Aulti renction equilibria, Fuel cells, VLE

from culiic equations of state, Equilibrium and stabilicy, Liguid-liquid equilibrium, Yapour-

Tigquid-liguid equilibrium, Salid-liquid equilibrium, Osm otic eguilibrium and nsmotic pressure,
|9 Lectures]

Text Books

1. Smith, 1. M., Van MNess H. C., AbbatM, M. Intraduction to chemical engiteering
Thermodynamics’, 7 Edition, McGraw Hill Eduention [2009)

2. KoretskyMillo D, “Engineering snd Chemijcal Thermodynamics” John Wiléy & Sons
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Refevence Bonks:

L
-

Bevan O, Juliena Bogrio-Goates, Chemienl  Thermodynemics  Principles  andd
Appllcations, Acsdemic Prees (2000)

Copinath Kalder, Intraduction 1o EI".:&!MIIEnginﬁtﬁ1:{:'l"|1:n11ﬂd:mnmlﬁ'. PHI Leaming
Py, Lad, £2009)

). Richard Efiion, Carl T, Lira, Introduetory Chemical Engineering Thermndynamies, 3=
Edition, Prentiee Hall, (2012)

Thamas Engel, Philip Reld, Thermodvnamits, Smtistical Thermodynamics and Kinotics,
37 Edition, Pearson, (2012)

Rajprmm 1, Kuriagoss J, €., Chemizal Thermodynamiles Classical, Sinfisijeal and
lrreversible, Pearson Education Tndia (2013)

Chentical Englneeriug Thermodynamies ((:0:2)

|. Determing ealoritic values of solid, liguid snd mseous fuels. (Bomb calorimeter)
2. Deternmiine the heat eapoeity ratio of constant volume and constent pressure

3. Determine the mtio of volumes using isothermal process

4. Study of vapor Pressure of Liguids

5. To Investionte the effect of sensor on tarpat temperature

6. Concepts of pressure messurement and enlibration investigntion

7. Throttling Calorimeter

8. Determine the cocflicient of performance and other parameters of o reftigernior
(Refrigeration cycle unit)

9. Boyle-Marriott's Law Apparatus (Boyles Law Apparatug)

18, Joule-Thomson Coefficient Apparatus



BCT-31: ALCOHOL TECHNOLOGY

Course Category : Depnrtmentsl Core [2C)
Pre-reguisile Sobject » Supar Production (BET-29)
Cottael hoora/weell » Lecture: 3, Tutordal: 1, Prostical; 2
o of Credits 5
Course Aseeesment  ; Confimnous assessment throosh tulorinls, aitendanse, home
Methods assipnments, quizzes md ope minoe test snd one major
theory and practical test,
Course Qutcome Swudents are able 1o
o Termentstion basie
o synthesis of slcohol from molnsses

syithesis of 2lcohal from subitrates and refined
chrmicals
o chemicals from slcohol

UNIT I: Fermentaiion basic
Chemical and physicel properties of aleohol, Classifiesion of aleohols, Uses of aleahol.
Alcahol synthesis by fermentetion, Prafierment design and practices. [8 Leetures]

UINIT 11z Aleohol from molaises

Raw materials, molasses nurEI.pnﬂﬂun. molnsses weighing molassey dilution practices, pre-
clarification of molasess, advantages and dmwhack, malisses sterilization/pasteurization,
aleoholic fermentation- Baich fermentation, efficiency of fermentotion, characieristics
Contral in fermentation operaticn, contamination control, proventive mieasure to svoid aleohol
loss, |10 Lectures]

UNIT HI; Alcohol from Substrates end synthesis of refined chemivals
Suhstrnie; Sugarcane and sugar beet molnsses. rice, maize, Whieat, apple. etz
Manufsctiite of sxtrn neutrsl alcohol, anhyvdraus aleahol, foel ethenol, reduction. biending and

alcoholic beverages, 19 Lectores|
UNIT IV: Chemileals from alcohol
Arctaldehyde, Acetic acid, Acelic-Anahydride, Butanol, Ethyl acetate, Butyl scemiz, acetone,
Ethyl ether, Dicthyl oxalate, efe. [9 Lectures]
Texi Boali:
l. Jmcques K. A, Lvans T. P KelsallD. R "The Alcohot Textbook®, Nodingham
University Press, 4% Edition (20053)
2. Sstyanaraynna Raa, *Ethyl alechol slcoholic beverages snd aleoholometry”, Pandith
Publications {1983}
3. Chatterjes AN, ‘Hondbook of Fermentation mnd Distillotion” Maharashiea Suger
Research Foundation (1980)

4. Barron H., ‘Distillation of Alcohol’; Joseph E. Scopmm £ Sons (1944)
5, Paturso J. M., By-products of the Cane Sugar Industry’, Elsevier, Amsterdam (1969]
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Nmme of experimonts (0:0:3)

| Dretenmination of residoe on evaporation of whisly samnilz.

2, Tochivy out distilation of whisly sample

4. Determinetion of ethyl aleoha| eontent of whisicy by specific gravity meihnd
4. Detsimination of Total acidity ss acetic acld of whisky,

£ Todeteriving the volatile scidin whisky anmple.

b Determination of Aldehyde tas CHyCHO) content of spirit (ADAC methed)
7. Detarmination of Ester (asCH:CO0 CoHa) content whisky

% Fuel ol deteriination in spirit sample

4. Furfural determination in Rectified Spirit (181)

10. Determination of Methyl Aleohal {as CHIOH) content of whisky

11, Reductian/ Blending of the spirit



BCT.22: MASS TRANSFER -1

Course Category » Degartmantal Care (D)

Pre-requisite Subjet! + Muzs Transfer'-1 {BCT-27)

Cantact honrefwoek s Lecture: 3, Tutprial: 1, Fractical: 2

No of Credite -3

Course Amgscyment  : Contlions assessment through tutoriale, pnendancs, home

Methods pesignments, quizzes and onz minor €5 ani] - one mmjor
theory and practical test.

Conrse Ouicome Students expecied (o design

o distilintion eghimn

o liquid-Hauid and snlid-liquid extraction column

o sdsorpticn colimi
UNIT 1: Distillation
Musies of  disillation, Pressureccompésition, Tempemiute-cancenimation, Enihalpy-
coneentretion dingrame for ideal =nd noadides) solutond Raoult’s ew, bailing mixtores,
volatility, Single Stage Distillation Differential distiliation. Flash vaporization, Yacuum,
molecular and steam distillation. (% Lectures|

UNIT 2: Continuous distiliation of hinary mixtures

Mulilsinge coninct operntions, multistage tower, MeCabe Thicle method, PonchmmSavarit
method, Refline, reflux, tray efficiency, height and column: digmeter caletlation, Multistage
hateh  distlllation, DPrinciples  of  azecimpic  and  exiractive distillation
|9 Lectures]

UNIT 3: Liguid-liquid and solid-liquid

Liuiil-Liguid Extraction: Ternary liguiid equitibria, Trisngular graph, theoretical or ldeal
wiage, Equipment for single stage and multistage continucys operation, snalviical and graphical
solution of single ond multistage operation.

Solid /Liguid Extraction: Leaching, Solid Heuid equilibrium, Equipment for solid — liquid
eutrgction. single and multistage cross comrent contect and counter curment cperations, concept
of ideal stage, overal] singe efficiency, nember of slages determination. [0 Lectures]

UNIT 4: Adsorption

Rasics of adsorption. Types of adsorption, Mature of adsorbents adeorption equilibriz and
nidmorption hysteresis. Stage wise and contingous contict adsarption operations, detemiination
of number of singes, lon exchenge, Equipment, Equilibtlum relationship, Principle lon
exchange, Phese Equilibrium relationship, Rate of ton-exchange. |9 Leetures]

Text Books:
I. Treybal Ry ‘Mass Transfer Opemations’, 39EHion, MeGraw-Hill:New York, (1580).
2. Sherwood T. K., Pigford R. L. and Willee P.."Mass Transfer, MeGraw Hill (1973)

Reference Books:
1. Leonard A. Wenzel, Curtis W. Clump, Louts Maos, L. Brive Andersen Alan S, Foust, |
‘Principles of Unit Operations”, 2% Edition, Wiley Interscience(1950) 7

]
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& Oespkoplls, C.J. "Transport Processes and Unit Operations™, 3¥Editgn, Prentice Hall.
{1093}

F.  Coulson, J. M. snd Rlichardson 1. F,, “Chemical Engineermg™ Vol 'L IL IV &V
Pergamon Przgs.

4. Phillip €. Wankat, *Seperation Process Engineering Includes Mass Transfer Analysis.
FMEditon, Pegrson

MASS TRANSFER LAB (0:0:2)

1. Determinntion of difTusivity of scefonz in nir.

2. Determinetion of diffagivity of acetic acid in water.

3. Determinntion rate of batch drying of Ca0O3 powder,

4. DBetermination of rate-of diftesion of sphenical shape Naphthalene ball,

5. Determination of temary curve for the system acetic scid-water-carbon tetrachloride.

6, Solid-Liguid extraction determine the equilibrium curve of extraction in toluene, seetic
acid e water system

7. Determination of adsorption kinetics and isotherm at solid-liquid interface,

§. o find the percentage of oxalic scid leached from feed



BCT-33: PROCESS DIVMAMICS, CONTROL & INSTRUMENTATION

Course Cotegors

» Deparmental Coke (D)

Pre-requisite Sthject : NIL

Contael hoursiweek - Lecsure; 3, Tutorlal: 1, Practionl: 2

Mo of Credits 5

Course Adssgment + Continoous asssssment through ftorials, stiendenice, home

Methods pseignments, quizzes and one minar 1o snd one major
theory snd pmctical lest

Course Qutcome Students expecied 1o

o)
o

anderstend fundsmentals of process instrumentation
understand working pringipals of messuring devicss

fior presstire, tempecature, level and Tow:

o understond  instrumentl methods  of  chemice!
analysls

s understand the basic principles of process dynaimics
ard eontpol

UNIT 1 Fundsmentals of Process [nstramentation

Nied and scope of process instrementation, elassifieation of procees variabled, measurement
problem analysis, basic measurement lems, Funclional elements of instruments, static and
dynamic characteristics of measoring instruments (ereth, first, nnd second-order fnstrumens!
sysleims), Megsuremeant system conflguration, {Fansducer elements (fipes and classification] .
digitat signal transmission and processing, indicating and recording elements. |9 Lectures)

UNIT 2: Measuring Instraments

Instruments for measurements of temperature: thermocouples. Redistance thermameters,
expansion thermameters, pyrameters, pressire and strain: hydrostatic type., elastic slemznt type
and other types of Instruments ke peessure gavges, level and flow mepsurementrs; varinble
aren and variable head flow meters, volimietric and feass flow meters. linear velocily

mensurement SysI2INE [9 Lectores|

31

ORTT 3: Instrumental Methods of Chemica] Analysis

Introdiiction,  classification, basic components of mnalvtical instruments, viscosity
mensurement, Réfractometry, Chromatographic methods: gas ehromntography (GCY, Nigold
chromatography (L), high performance liguid chiramatography (HPLC) Electrochemical
methods: measurement of pH, eolotrtiinetric, conductometrie, potentiomeriz, {9 Leetores|

UNIT 4: Fundamental of Precess Dynamics and Control

Introduction 16 process dynamics (PD), mathematical tools for process. ident forcing functions,
control-relevant thearetical process modeling, transler function and stuie-space models, poles
il setos of transfer fonction nnd their =ffect on dynmmlc response, block dimgram
representation, studving dynamic behavior of interacting and pon-intoracting systems.

¥ Lectures]
o
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Text Bool:

3

Coughnmowr, Tr. B, “Process Systems Analysts mne Comtrol”, MoGrew-Hill, o
Siephanopoloos, G, “Chemical Prozess Control”, Frentice-Hull

. Patranabis, O, “Principles of Industrinl Instrumentation”, Tata MeGraw-HIH Fublishine

Co Lid,
Johnson, C. D,, *Process Control Instrumentstion Technology™, Pearson Education,
e

Referenide Books:

-

4.

5,

Sehorg, D. E., Edgar, T, and Mellichamp, D. A., “Process Dynamics and Contral”,
Jabm Wiley and Sons.

Bequetiz, B, W, “Process Control: Madeling, Design, ard Simulation”, Prentive-Hall,
me.

Chidambaram, M., “Computer Control of Processes™ Maross Publishing Houss Pvw
Ltd., Ineea

Beekwith, T..G., Marangonf, R. D, and Lienhard, J. H., “Mechanical Mensurements™,
Addizon Weslay,

Jain, R. K., "Mechanical and Industrial Messurements”™, Khanna Publishers, New Delhi

PROCESS DYNAMICS AND CONTROL LAR (0:0:2)

r =

9,

Transient response to single wnk system with storage & Flow to (a) step change (b)
impulse change input (single tank svatem)

Transient response of non-interncting/interacting system in series, (Interncting & Non-
Interacting System)

. Two Tank Non-Interacting System with accessories.

Controlling o batch resctor using digital PID controlier (choracteristics of P.LD,
eantioller)

* Twa Tank Interacting System

Dvnamics characteristies of mercury & water ‘manometers (Time Constani of
Mlrinometar]

Measurement of Level by Capacitanee Method

Calibration of thermocouple/ Bimetallic thermocoupleMesismnes thermocouple (time
conment of thermocouple & (hermometer)

Calibration of Pressure gauge/ Pnevmatic pressure recorder/ Differential pressuse
recorder { Pressure Control Trainer)

10. Calibration of Orifice metzr/Venturimeter /Rotameter/ Gas flow meter (Flow Control

11

Trainer).
Temperanme Control Traines

12. Calibration of pH meter/ conductivity meser
13. Leve! Control Trainer

gt 7o
31 1 i"‘ II-'|'I i iy :
I

‘%ﬁ"ﬁ v



BOT-34: CHEMICAL REACTION ENGINEERING

Cournp Categoty : Deparimental Care {DCY

Pre-regulsiie Subjeet s NIL

Cotitact hovruweek : Lecturg: 3, Tutorisl: 1, Proctical: 2

Np of Credits 15

Course Asseezment  Continuous assessmat thtough Witorlals, atiendance, homs

Merhods usolgnments, quizzes and enc minor tex and one mgjar
theary and practical test

Course Quteome Students excpected to:

o understand kinetics of homogeneous reactions
design isothermal reactors

understand parallel znd multiple resctions
understand Muid-fluid reactions

Qo

V]

Syltabas

UNIT 1: Kinetles of Bomogensone Reaclions

Rate of Renction, Moleculerity and order of resciion, Mechanism of renction. wemperalune
dependency from thermodynamics, Integral and differentinl methods for analyzing kinctic dotn,
interpremtion of constant volume renctor, zer, first, secand and thied ardor reactions, knlf-file
weriod, irreversible reaction in parallel and series, catalytic reaction, nuto catalytic reaction,
reversible renctions. |4 Lectures]

UNIT 2; Design of Isothermal Reactor
Desipn of batch, contintous stired twak, plug flow resctars, optimization of reactor size,
reactors in seriesporallel, resyele reactor, reactor desipn for multiple reactions.

{9 Lectures|

UNIT 3: Parallel and Muftipie Eeactions

Design of pamllel reactions, Irreversible first ovder redetions in/seres, first order fallowen by
~ero order reaction, zero order followed by first order reaction, successive frreversible resctinns
of differemt orders, reversible reactions, imeversible series-parallel reactione, tempernture and
pressure £ffect on single and multiple rencticez, choosing right kind of rescior |9 Lectures]

UNIT 4: Fluid-Fluid Reactions
Fluid-luid resetions: Kinetics, demzgn, Fluld-particle reactions: kineties and design
[9 Lectures]

Text Books:
1. Smith J. M., ‘Cherilcal Engineering Kineties®, 3™ Edition, MeGraw-Hill (199(1),
2, Levenspiel, 0, ‘Chemical Reiction Engineering I Edition, John Wiley (19%8).

Reference Book:
\. Keith ). Laidler, "Chemical Kingties”, 3 Edition, Pearsen (2013)
2. Coulson and Rlchardson's, 'Chomical Engincering Volume [, 37 Elsevier (2006) 'I-”-_ff. i
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i iy :"1
i II [}
2 Pt
1 B r 11\. N __..I'.‘ ‘I;l.;‘ﬁ'\..'.
R el ..:I-Tli. ‘-};'ﬁ"\:.-'.
v &

LTy 'ant



1; Second ordeér reactlon
2. Pseudo Flrst order reaction
3. Biich reactor; Second order resction
4. Batch reactor: Pseudo first order renation
3. Swdy of second order reactian for anegual concentration of reactots
‘6. Arrhenhis Law
7. Continuous stiered nk reactor
8. Plup flow reactor
9, To study operation ol an adiabatic batch reactor
10. T gtody combined Flow Reactor
11. To study cascade Continvous Stired Tank Rescior

b= 8 *"1|I“
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BCT-51: PROCESS INTEGRATION

Courve Category : Program Elective (PET)
Pre-requisite Subject 1 NIL
Contoet hoarshveek ; Lacture: 3, Tutarial:l
Wo of Credits L
Cuurse Assesement | Continooos assessment through nmorialn, stiendunce, homes
Methods msignments, quizzes and ong minor et and one major
theory and practical Test.
Course Outcome Students will be nbie to:
o imdemstund of the findamentals ol proces
integration,

g peiform pinch analysis.
o =mulyze and design hest exchanger metwocks.
& moinimize the wetey consemplion and  wasle

pererstion.

UNIT 1z Introdoetion to Provess Integration

Arcas of application and techniques avaflulle for Pl anion diagram, Role of thermodymanies
in process design, Concept of pinch rechnalogy and its application. |9 Lecturers]
UNIT 2: Heat exchanger networks:

Heat exchanger networks anabyts, Simple design for maximum energy. recovery, Loop
Err,aldnu & Path Relaxntion, Targeting of eucray, 2rea. number of unit end cost, Trading off
enerny aginst capital, [¥ Leeturers]
UNIT 3: Network and Mass [ntegration:

Super tarpeting, maxinunm energy recovery (MER), Newwork for multiple utilities and multiple
pinches, Grand Composite curve (GCC). [® Lecturers]
UNIT 4: Heat and Power Integration and Case studes:

Columns, Evaporstors, Dryers, snd reactors, Case studies: Waste and wasie waler

minimization, Flue gas emissinn tergeting. _ [? Lecturers]

Text Boaks:
I, Linnhoff W, “User Gulde on Process Integmtion for the Efficizm Lise of Energy’,

Institution of Chemical Engineers (19584,
3. Smith R.. “Chemilcal Process Design and Integration”, John Wiley & Sans{2005),
Reference Books:
i, Shenoy V. U,, Heat Exchanger network synthesis, Gull Publish ing (1995).
3 Kumar, A. Chemical Process Synthesis and Englneering Design, Taty Meliraw Hill

(I¥77)
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BCT-52: PIPING DESIGN

Comrse Criogory ¢ Proormm Elective (PE1)

Mre-requisite Subject L NIL

Comtact hovrsiwesl Le=iu=: 7, Tutorisl)

o off Credifs 4

Course Acspsmment 1 Continuovs asssssmem through totorials, oftendance, hidme

Methods sEe{mmmigs, quizzes and one minet et and one major
theory mnd practical e,

Course Cutenme Students will bs ahle 1o:

o undersiand basic Concept of piping engineering

do piping design, line sizing and NPSH calculations
calculate the pipiog insulstion thickness and cost
understand PEID disgrams, verious piping layou

Q Qo

UNIT 1: Intradoetion to Piplng Engineering

Fluid flow, types of fluids and examples. different pipe fittings, Friction factor, pressure dfop
for flow Newtonian and non-Newtonian fluids, pipe sizing, economic velogity, Pipe line
networks and their analysis for flow in branches, restriction erifice sizing. Pressue drop
caleulations for non-Newtonfan fluids, two phase flow, types of two phase flow, two phase
flow &5 encountered in piping for steam, distillation column, pressure drop, vibrations in two
phase faw, |9 Leetures]
UNIT 2: Plping System Desizn

Design principles, caleulation of pipe diameter, thickness, important system characteristics and
destgn principles relaied to steam flow at high and low pressures, Design principles and line
sizing for vacuum pipelines, slumy pipelines, surge drums and flare stacks, vacuum devices
including ejector system, Considerations poverning pump selection, analysis of system and
purmp characteristics in connection with series, paraliel flow, and minimum fow and equalizing
lines, NPSH, allowable nozzle loads in various codes. Design principles and line sizing of
preumatic conveving of solids, components of conveying systems, dust and fume extraction
systems principles.. ' |9 Lectures)
UNIT 3: Insalation and Costing of Piping

Purposes of thermal insulation, prineiples of condoctive and convective heat transfer 1o the
extent of application to heat loss / goin through bare pipe swrfaces, Critical thicknsss of
insulation, estimating thickness of insulation, optimum thickness of insulation. Insulation for
kot and cold materials and their important properties. Insulstion materin] selection criterin,
typical insulation specification — hot and cold materials, |% Leetures]
UNTT 4: Piping Layout

Imtroduction @ P & | Diagrame, Process flow disgrams, standard symbals and notstions.
Intrnduction to various facilities required guidelines for Plot Pian / Plant Layout, Introduction
18 1o equipment loyout, piping lavout, piping isometrics snd bill of material. Typical piping
systemn lavout considerations for following systems: (1) Distillstion columns and heat
exchangers, (i) Reactors, (Hi) Pipe racks, (iv) Storage tanks, (v) Pumps [ Lecturers]
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Heforonce Books:
{, Mcketta . I, Piping Design Handbook' Marcel Dekler, Tne, New York
2. Buusbathzr Ed., Hunt R, ‘Process plant Isyout and piping desipn’ PTK Preatice Hall
Publication -
3, Nayyar b, Piping Handbook!, MeGraw-Hill Educstion.
4. Parisher B. A, Rhes R. A, ‘Pipe Dinfiing and Design” ASME
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BCT-53; Statistical Design of Experiments

Course Category : Program Elective (PE1)
Pre-requisite Subject NIL
Cantaet honyzheck - Lectore: 3, Tutorink:1
N of Credits d
Course Asesement - Continuous pssessiment throvali tutorinls, sttendanee, home
Methods assipmments, quizzes and ane mince est and one. ugjor
theory shd practical test.
Course Quicome Students will be able to understand:
o basie conceprof design of experiment
o nnd apply coneepl of Tactorinl design
& concept of regression model and response surface

methodalogy
model effects end design measire

o

UNIT 1; Introduction fo Design of Experiment

Introduction to experimenta! design principles. simple comparntive experiments, Imtroduction
1o B langusge and its applications in DOE problems. Single factor experiments, mrdomized
blocks, Latin square designs and extensions, intraduction 1o R language. [ Lectures]
UNIT 2: Fuetorinl Designs

Two levels, 2 factorial designs, confounding and blocking in factorinl designs, applications 1o
manufacturing problems, Fractional factorial designs, two-level, three-level pod mixed-level
factorials and fractional factorials, applications to quality control problems [9 Lectures]
UNIT 3: Regression Models and Response Surface Methodology

Regression models including multiple regression models and it application o tansposation
scheduling problems. Response surfhce methadology. parsmetcr optimization, Tobust
purameter design and its appl ication o comirol of processes with high varisbility, [9 Lectares]
LINIT 4: Model Effects and Design Measures

Random and mied effects models, nested dnd split plot and Srip plot designs and its
application to semiconductor manufacturing problem. Repeated mensures design, analysis of

covariance and its applications in comparing slternutives. |9 Lecturers]
Reference Bookis:
I, Montgomery D, €., "Design and Analysis of Experiments’, John Wiley & Sons

(2001

2. Dean A, M., Voss D. T., ‘Design and Analysts of Experiments” Springer text in
Statistics, Springer Science + Business Media (1999)

1. Box G. E, P Hunter W, G., Hunter J. 8., Statistics for Experimenters: An
Inroduction to Design, Data Analysis, and Mode| Building, John Wiley & Sons
(1978

4, Dismond W. 1., Practical Experiment Designs for Engincers and Scientises, John
Wiley & Sons. Inc. (2001).

5. Jeff Wu C. E., Hamnada M. 1., Experimenis: Planning. Analvsis, and Paremeter Desizn
Optimization, John Wiley & Sons. Inc. (2000).
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BCT-84: Process Flow Sheet Simulation

Conrse Category - Program Elective (PEL )

Pre-requishie Subject : MIL

Cantaet hournhwveel : Lestire; 3, Tutorinl:]

Mo ol Credifs 4

Course Assesspient  : Continuous sssesement troueh futorialé, attendnnee, home

Methods sssignments, guirres snd one minor test and one mujot
theory and praciical test.

Course Oufeome Students will be able to:

anderstand basie cancept of process fowshesting
underitand concept of system engineering

eoleal thermodynamic propetties

da model mrd tehsidyity Bnelysis

[4 N = L = RN = |

UNIT 1: Introduction to Procers Flow Shesting

Approaches to flow-shesting, callection and estimation af thermo-phiysical properties for the
chemical species of the system, thermo-plysioel propertics banks, Flow sheet preseptation,
manil Mow sheet ealeulations, computer aided fiow-shéeting, munual ealevlmtions with
recycle streams, partitioning and tearing i Rowsheet, (9 Lectures|
UNIT 2: Fundamentals of System Engluecrlung '
system definition, system properties, aggrepation/decomposition, hierarchies ol systems:
introduction of canenical modelling concepts; devices, conpections, equations, variables
furmalizing the modelling process: methods of strueluring complex chenrical processes,
procedures for process modelling; degrees of freedom in o flow sheet. nuterical properties of
the model equations, munerical methods for sieady-sinte and dyhamic Systome, Differential
Algebrale Equations; Synthesis of reaction sysiems and synthesis of azeolropic: separation
sysiems @ Lectures]
UNIT 3: Thermodynamic properties selection

Overview of physical property system: Property model specifications; Property dai
reguirements and input; Physical property onalysis; Example-1: Inreducing a non-databenk
companent. Multistage Seperation: RADFRAC: Rigbrous rating nnd design feactionation
model [9 Lectures]
UNIT 4: Mode! Anglysis and Sensitivity

Model Analysis Tools; Sensitivity and case-study rans) Design specifications and anlewlator
blocks; Exmmple-3: VEM flowsheet sensitivity run / design-spec nm, [narganie chamicals and
electmlvie madelling: Example=4: sour water systems (C0z and Ha8 remove! for example)

[9 Leciurers|
Reference Books:
|. Dimian A. C., 'Integrated Design snd Simulation of Chemical Processes’, Elsevier
(20:03]

2. Westerberg A, W., Hutchison H, P, Motard R. L. & Winter, ., ‘Process Flowsheeting’, |

Cembridge University Press {1979)

Ly



3. Kumir, A, "Chemical Procece Synthesis and Enginieering Design’, Tam MeGraw Hill

&

£
I

{1981).
Hangos K. M., Cameron 1, T, Prnmss Modelling and Madel Analysis’, Aesdemic

Fress (2001 ),

. Remirez W, F5 *Computational Methods for Process Simulation’, 2 ed,, Buttorwartis

(1997}
Westerherg AW, *Process Flow Shesting®, Cambridee University Press { 1990)
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BCT-55: Food Technology

Conrse Catepory v Program Eleerive (PE1 )

Pre-requlsiie Subject : NIL

Contnet boursweek = Lecture: 3, Tutarisltl

o of Creditg A

Course Assessment - Continuous essessmeni dlimough tutorjals, attendance, home

Methods assigmments, quizzes and ope minor tes snd one major
_ theory and practical tesl

Course Oufcome Students will be able 1o undermstand:

O

hasle principsl of Tood processing

sppdizatione of unlt operation in food enginesring
concep In ppeking Tor vearious food combodities
importanes of food guality pssumnee

R O

UNIT 1: Principai of Food Processing.
Scope ‘and importance of food processing. principles and methods of fodd preservation
freezing, henting, dehydration, canning, additives, fermentation, frradiation, extrusion cooking,
hydrostatic pressure cooking, dieleciric heating, microwave processing, storages ol Tood.
modified stmosphere packaging. Refrigerntion, freezing snd drying ef foad, minimal
processing. mdiation processing 1@ Lectures|
UNIT 2: Unit Operntions in Food Engineering
Unlt cpemtion in food engineering processing of fomd grains, theary of size reduction
equipment and eflieet of size reduction on foods, evaporation extrusion, hot air dehydretion,
baking, roasting and hot ofl frying theory, equipment, applications and effect on food muterials
for freezing / freeze drving and freeze concentration, 9 Lectores)
UNIT 3: Food Packaping
Introductlon to packaging. packaging opbration, peckage-fonctions and design, principle in the
development of protective packaging. Deterforative changes in foodswiT and packaging
methods far prevention, shelf life of packaged foodsiufT, methods lo extend shelf-life. food
containers-rigid confalners, eorosion of containers (tin plate). Flexible packaging materials
ad their properties. Tood pockaging munterials and their propertigs. Food packages-bagn,
pouches, wiappers, carton and other traditlonal package, containers-wooden bpmes, erates
plywood and wine bound baxes, corrugated and fibre board beoes, textite and paper sacks.

|9 Leetures)
UNIT 4: Feod Quality Assnrance
Objectives, importance and Rmctions of guality contral. methods of quality, concepts of
rheology, assemsment of food muterials-frults, vepembles, cerenls, dairy products. meay,
potliry, ego and processed food products. food regulations, grades and standards, concept of
Codex Almentarions HACCP/USFDA/ISO 9000 series ete. Food adulteration and food safety,
basts, trends and composition of Indias foreign trade. [% Lecturers]



Referenes Books:

]

k §

Mirajiar M., Food Science and Processing Teshnology Vil 1&: 11, Kanishic Publishers,
Mew Delhi

Heldman, B.%. and Lund, O, B., Handbool of Foud Enginesring’, Marce! Dekker, New
York (1592}

Ranganng S, “Handbaok of Analy=is mnd Chmality Controd for Fruils and Vegetshle
Products’, Tam MeGraw Hill, New Delha] (1986),

Painy F. A, Painy, HY',, ‘A Handbook of Food Puckaging', Leonaid Hill. Glasgo, UK

(1983).
Salunkhe D). K., Kadum S. S, “Handbook of Vegstoble Sclence and Technology,

Praduction, Composition, Steraps and processing’, Mureel Dekleer, Wew York (1995)




BCT-20; Seminar

Course Category = Audit Course (AC)H
Pre-requisite Subject t NIL
Comisie! hoorshvees = hecture; 0, Tutortali
Ko of Credits 4 (7
Course Assessment - Continuous — assssament  qualiy  of  preszmistion,
Methads understanding, perfirmunce and analyticnl skill sets
Course Quicome Siudenis will be able to demolisinte:

o kmowledge of subject

o presehlation kills

o writing skiils

> oignizstion skille

Syllnhus

The somingr may be o review of literature of specific phenomena/new process. Wotling model
w demonstraie the principle, altermutively & small experimentation o investigate chemical
engineering data/unit process’ umil operation. Based on this study focused repor sheawld be
submitted. 1t s expected that he stadent collect informntion frum reference books, jeumais
and Intemet. The repart submitted should reveal the student’s internalization of the collected
mfermation. Mere compilation from the net and other resources is discopraged.

Serminar report should be prepared based on guidelines prov ided by Department from time o

time.

i



BCT-41: PROCESS EQUIPMENT DESIGN

Course Category | Pepantmental Core (DC)

Pre-requisite Subjoct : NIL

Cantact bours/weok : lacture; 3, Tulorinl 1. Prieticsl: 2

No ol Credite ;5

Courze Assessmient  Continnous assessment thraugh tutorals, attenilines. home

Methmle assignments, quizzes and one minoe st Gne major theary
and proctical fest

Courie Oufcome Students ore expecied 1o

o design non-pressure and préssure viessels

o design il vessels and suppart

2 design shell and whe heat exchangers

o mechanical design of distillation and nbEarpticng
cilumns

UNIT I: Design Pressure Vessels
Design of non-pressure storage vessel, tall vertical vessels. unfired pressure vessels with
internal pressure, Design of unfired pressure vessels with external pressures, end elosunes,

flat plates, domed ends, torispherical, ellipsoidal, hemispherical and eanical ends, .

[% Lectures)

Unit 11z Design Tall Vessels and support
Stresses in the sholl of & tall vertical vessel, and period of vibration, vessel SUPpOrEs
mtroduction and classification of supports, design of skin supports considering stresses due
to dead weight, wind load, seismic load, design of base plate, kit bearing plare, anchor
halts, balting chairs and skirt shell pletes Design of sddle supparts, ring stiffeners,

1% Leeiures|

Unit TIT: Desizn of Heat Excliangers

Classification of shell and tube hem exchanger, materinl of construction, cleaning of hem
exchangers, heat transfer flufd, sgitated vessals, description of shell, tubes. honnet and
channel, pass partition plate, nozzle, baffles, tio rods, baifle spacers, Manges. gaskets and
expansion joints, Design of heat exchangers: Engerov balunce, heat dutv consideration and
process deslgn of double pipe and shell and tube heat exchangers, |10 Leetures|

Unit IV: Design of mass transfer eguipment

Mechanieal design of 1all vessels for distillation and sbsorption columns, packed snd may
type towers, Tray Hydmulics: Bubble cap columns, perforated plate columns und packed
towers. Process Desipn; Process design of tray and packed (owers. (10 Lectures)

References:
I. Kern DL Q. “Process Heat Transfer”, MoGraw Hill, {2001
2. Perry’s, “*Handbaok of Chemjeal Engineering™ MeGraw Hill, 7% Editian, {1997, -
| g
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3. Coutson J. M., Richardson R. E., “Chemical Enginecring” Vol. 2 and 6, Pergamam

Pross{1%98). _

Vian Winkle M., “Distillation”, McGraw Hill Company, New Yorl (1867).

Ludwig £ E. “Applicd Process Design for Chemical and Petrochemical Pists”, Yol V

|, 2 and 3, 3% Edition, Guif Publishing Company, Houston, {1953, .

6. Bhnttwcharya B, C., “Chemical Equipment Design”, CBS Publisher, (1985).

7. Simnott R. K., Coulsen & Richsrdson, “Chemicul Enginesting, Vol.6", 27 Edition,
Suiterworth Hememann, Ouxford, (1998).

o

Tractical:
I, Praetice to design any four egquipment's hosed on svllsbus ‘to scale’ using AutcCAD

atiftwige
2, Prepare specification dameheets for following equipiment Vesse! dats shoey
8, Heat exchanger data shest
h. Plate heat exchanger datn sheet
¢ Centrifugal pump dato sheet
d. Reciprocating pumyp duta sheet
e. Rotary positive pump deta sheet
[ Agitator data sheet




BCT-42: ENERGY RESOURCES & AFPLICATIONS

Couvrse Category Deparimental Core (DC)

Fre-requisite Subject NiL

Contpet hoursiveek Lecture: 3, Fudorinl:], Prootichl:

Mo of Credits d

Course Assesvmiend - Crnfinuous psesssment throveh rotorinle, attendance, homis

Methods sipriments, quizzss and ome mimor st one major theor
and practical test.

Course Outoome Students are expected to understand concept of:

o coergy scenario and conservatlon
o . nlternative sources of energy

o hydro and soclear energy

o fossil ahd processed fugls

Unit I: Energy Seenario and Conservation

Indian snd global energy crisis, Classification of various energy sources, Renowable and
non-rénewable energy sources, Remedial messurss (o some energy crisis.

Energy: Biogas plants and their operation, Biomass and its conversion poutes 1o geseous andl
liquid fuels; Wind energy, its potentlal and generation by wind mills |2 Lectures]

Unit I1; Alternative Sources of Energy

Fuel coll, Solar Energy: Phota thermal and photovoltaic conversion and utilization methads,
solar water heating, eooking. drying and its use for other industrial processes, solar cells thelr
material and mode of operation. Direet and indireet methods solar energy storage, sensible
heat and Intent heat storage materials Solor ponds

Bio eneroy, biogas plants and their operation, Blomass and its conversion roofs to gageous
and liquid fuels, wind energy, fts potential and generation by wind mills 9 Lectures)

Uit TII: Hydro amd Nuclear Energy

Hydroelectric patential, fts utilization & production, Geothermal energy its potential slatus
and production, Noclear energy: Stitus, nuclear mw materials, nuelear reactors ond other
classification, Generation of Nuclear power, Nuclear insmilations in India and their capacity
of generatipn, Limitations of nuclear encrgy, Reprocessing of spent nuclear fugl [9 Leetures]

Unit 1V: Fossil and Processed Foel

Conl its nrigin and formation, Coal analysis, Coal classification, Coal preparation, Coal
washing and coal blending. Coal carbonization, Treatment of coal gas and recovery of
chemical from coal tar, Coal gasification, Tiquid fuel synthesis from coal, CEM.

Petraleum crude, Types of crude, emergence of petroleum products ns enermy. Gaseous
Fuels: Natural gas, Water gas, producer pas. L.P.G., bio- gas, coke oven gas, blast furnace
pas, LNG, NG, Gas hydrates, GTL Technology, [9 Lectures]



Heferences:
1. M. K. Bansal, M. K. Kleeman, “Rencweble Soiree of Enerpy and Conversion
Systems”, MeGraw-Hill Education (1989).
s | A Duffie. 'W. A. Beckman “Soler Engineering of Thermal Processes”, Wiley

Interstience, 20 Editian (1991) g
3. 1. F. Kreider, *Solar Energy Handbook”, MeGraw Hill (1981)
4. M. A. Green, “Solar Cell: Operating Frinciples, Technology and  System
Applications™, University of Mew South Wales {1956)
3. T.Ohta, “Slar Hydrogen Enerpy Sysisms”, Pergamon Press (1974)
& 1.0, Hall, R, P. Overeed, “Biomass Repenerable Energy™, Wilay Inerscience {1983}
4. Linden, “Handbook: Batteries and Fuel eell”, —{MeGnw Hll)
8. L. L. Fretis, “Wind energy Conversion Systems", Prentice Hall (1990)
g, J.'S, S Brame, ). G, King. E. Amold, “Fuel Solid, Liquid mnd Gases®, Wilsy
Intersoience, AN Editicn (2007).
10. S, P. Sukhatme, “Solar Energy - Principles of Thermal Colloction and Stomge™, Tuta
MeGraw- Hill., 2 Edition (1996}
ol |
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BCT-43: CHEMICAL CONTROL IN SUGAR FLANT

Course Category : Departmental Core (EXC)
Pre-requisite Subject :NiL
Contect hoers/week - Lectura: 3, Tutorielil, Practieal: 0
No of Crediis 4
Course Assessmont - Continyesds nesessment through nutorials, afendance, hope
Methods pssigtiments, quizzes and one minor wat, one major theory
nnd practical st
Counrse Dutcome Students are expected Lo
o understand concept of dynamic behaviour of simple
[TOCessEs

i

design of single loop fesdhack control systems

do stability analysis of fead back systoms

undersiand frequency. response and Ennlysiz [inear
processes

Do

UNIT-I: Dynamic behaviour of simpic processes

Maothematical modeling of chemical processes, State variables and state equations, Inpul-
Cutpiat model, Linearization of nonlincar systems, Types of Forcing functions, dead-time
systems, First order systems processes, Dynamic response of first order system o fmpulse
and step inputs, hasic concepts of MIMO sysiems. |% Leetures]

Unit 11; Design of single-loop feedback control systems

Second order systema/processes: Damped vibratoe, Interacting and Non-interacting systems,
Step response of second order system, Characteristics of under-damped system. Classical
controllers: P, Pl, PD, PID and ON- OFF controllers, Concegt of feed-back coatral system,
Servo & Regulatory problem, Block diagram reduction of complicated control systems, and
Dynamic behaviur of feed-back control pfm:ss;s. [9 Lectures]

Unit I1: Stability Analysis of feed-back systems

Stability analysis of feedback control system using Routh-Hurwite eriteria, Root logus, Time
Integral performance eriteria by ISE, TAE, ITAE, selection of Teed-back eoniraller, Canfrotler
tuning using process reaction curve by Cohen-goon technique Respanse of Tirst order system
to sinusoidal input, Frequency tesponse chometeristies of general lnear systein, Bode
dingrams - First orcler system. Second order system (9 Lectures)

Unit TV: Freguency respanse analysis of linear processes

Pure enpacitive procese, dend time system, P, P1, PD & PID, bode stability criteria, Gain
margin, Phase Margin, Nyquist Stability eriteria, Ziegler Nicholes Tuning technique, Design
of controllers with difficult dynamics such a5 lnege time-deloy svstems, inverse response
systems, Analysis and design of cantrol systems with multiple loops: cascade. selective, split
ringe control systems, Analysis and design of advanced control systems: feed forward, rutio,
ndaptive and inferential control systems. | Lectures]



Reftronees
1. G Stephanopoulos. “Chemical Process Comrol: An Introduziion i Theary and

Practice”, Preatice He!l Indin Learning Private Limited (2008)

2. D. R. Coughanour, “Process Sysiem Analysis & Coptrol”, Me Graw HIll, 3% Editlon

(2013)

B, Wayne Bequetts, “Process Contral Modelling. Desipn £ Control”, PHI Publication

{2003)

4, D, E. Sebarg, T. F, Edgar, D, A. Mellichamp, “Provess Dinemics & Control”, Wiley
Interseience (1989)

5. Babatunde A. Ogumaike, W. Hamion Ray, “Provess Dynamics, Modeling &
Control®, Oxfoed University Press Inc, (1994)

. M. Ehimimﬁhnmm. “Computer Control of Processes”, Alghn Ssience nternatinaal
Lad. (2002}

7. Bella G. Liptak, “Instrument Engineers Handbook (Process Contral)”, CRC Press. 4
Edition (2003)
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BCT-61: FERTILIZER TECHENOQLOGY

Coerse Cotegory : Program Electlve (PE-2}

PBre-requisite Subjeet s NIL

Contact hoors/weok Lactre: 3, Tutorlal:!. Prastival: 0

Mo af Credifs -

Courve Assessimbnt - Continteus assessmeni through totorials, aftendance, home

Niothods nesioniments, quizees snd one minor test, one majur theory
el prragtical test

Course Outcome Students are expected understand  manufacturing  and
applications:

o | potnssic feriilizer

nitrpenous fertilizer

phasphatic fertllizer

KO and iniscellomeous fertilizat

L]

Qg

Unit - 1: Overvigw and Potassic Fertilizer

Role of orgomie manures and chemical fertiliser, types of chemical fertiliser, growah of
fertiliser in Indin: their loéation; energy consumplion in various fertiliser provesses; materials
of various fertiliser processes; materials of consumption in fertiliser industry.

Potassie Fertilisers: Methods of production of potassium chloride, potassium schoenite, their
characteristics and specifications. [9 Lecture]

Unit - 1i: Nitrogenous Fertilisers

production of ammonis-natural gos, associsted gas, coke-oven gas, naphtha, fuel all,
petrofenm heavy stock, coal, electricity ete; processed for gasifiention and methods of
production of ammonia and nitric acid; nitrogenous fertiliser-ammeniim sulphate, aitmtz,
ures and caleium ammonium nitrate; ammaoniom chloride and their methods of production,
chisracteristics and specifications, storage and hundling. {9 Lecture]

Unit - [T1: Phasphatic Fertilisors

Raw mnterials, processes for sulphuric and phosphoric aclds, phosphates fertilisers - ground
rock  phosphate;  bone  mealsingle  superphosphate,  miple  superphosphate,  wiple
stperphosphate. thermal phosphates and their methads of production, charsteristics sl
specifications. |2 Lecture]

Unit - IV: NPK and Miscellaneous forfilizer

NP Fertilisers: Methods of production of smmonium phosphate, sulphate dismmanfum
phosphate, nitro-phosphates, urea, ammonium phosphate, monc-ammonium phosphate and
varioes prades of NPK fertilisers produced in the couniry,

Miscellancous Fertilisers: Mixed fertilisers and granulated mixtures; blo-fertilisers, nutrlents,
secondary nutrients snd micro nutrlents, fluid fertilisers, controlled relense femilisers,
controlled refease fertilisers. |9 Lecture]

48 ," / '\\J L r.llli. '_I A
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Refercnees:

4

-
=

4.

. “Handboolk of fertiliser teclnology™, Assoclation of Tndis, New Thfhi, 1977.

M. G. Menon, “Fertlliser ndostty - An Introductors Survey™, Hizginbothams P

Led, (1973) _ _ _ v
V. Sauchelli, “The Chemistry and Technolopy' of Fertilisers, ACS Monograph No,

146", Reinhold Publishing Corparation, Newyerk (1980).

AV, Slack, “Chemisiry and Technology of Fertilisers”, Interscience, New Yark

(1966},
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DCT-63: NUCLEAR ENGINEERING

Ceoree Category : Program Elective (PE-2)

Fre-reqgnislie Subjecr < FNIL

Confuet hoursiyeek : Lecture: 3; Tetndal: 1, Practical: 0

Mo of Credits 4

Coarse Assessment » Continuous assessment through tutorinls, attendance, home

Methods sssignments quizzes and onz minor te21, one major theoiv
and practical 1esn

Course Outeome Studenis are expected understand fundamentals of:

= nuclear physics

o nuglesr reackor

nuclear fuels

safery

safe disposs of ruclear woste

g0 O

Unit - I: Nuelear Physies
Nuelear model of an atom-Equivalznce of mass and energy-hinding- radio netivity-half life-
neuiron interactions-cross sections. 19 Lectures]

Unit - [T: Nuclear Reactions, Reaction Materinls and Reprocessing

Mechanism of nuclear fission and fusion- radio activity- chain resetions-critical mass and
composition-nuclear fuel cycles and its characteristics-umnium production snd purification-
Zirconium, thorium, bervllivm.

Reprocessing: nuclear fuel eycles-spent fuel characteristics-role of solvent extraction in
reprocessing-solvent extraction equipment. [9 Lectures]

Unit - [1T: Nuclear Reacior
Types of fast breeding reactors-desizn and construction of fast breeding reactors-heat transfer

techniques in nuclear reactors- reactor shiclding. Fusion reactors. [# Lectures|

Unit - IV; Safery and Disposal

Seiety and disposal: Nuclear plant safety-safety systemschanges mnd consequences of
accident-criteria for safety-nuclear waste-types of waste and fis disposal-radiation hazaeds
and their prevention-weapons profiferation. |9 Lecturvs)

References:
I, Thomns J. Cannoly, “Foundation of nuclear Enginearing™ Jokin Wiley (1978),
1. G. F. Hewitt, ). G. Colller, “Introduction to Nuclear power™, CRC Press, 2™ Edition
(20003
3. M. M. EF-Wakil, “Power Plamt Technology”, MeGraw-Hill Education (2017),
4. G. Vaidyvanathan, “Nuclear Reactor Enginesring (Principles and Concepts)”, 8. Chand
& Co. (2013) ' r
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BCT-63: COMPUTATIONAL FLUID DYNAMICS

Conrse Category » Program Elective (PE-2)
Fresrequisite Subject - BCT-11
Coniret hoursfweek < Lecture: 3, Tutorink:!, Practicnl: O
No of Credits 14
Course Assessmeni < Cantinubis assesstoent thirough neoriale, atendaice, home
Methods asslannients, quizzes and one minor test che major theary
afrd practieal test.
Course Ouicame Ez_mieuﬁ nre expected to;
o undersinnd  bacle governing  equations i fluld
rnechanics
= understand misthematicnl models for incompressible
T
s solve linear diffeentinl equation wsing numerical
mirthods

& solve Naviar stoles equation using numerical method

Unit- I: Governing equations of flaid mechanles

Conservation equations for mass, momentum, CHETEY and chemical species, Goveming
equations, Boundary conditions: turhitlence elasure and migss fransfer models, Dimensionless
annlyvsis of simplified equations,

Unit - TI: Mathematical models for ineompressible flow

Euler equations, Potential fow, Boundary Layer Approximations, Mathematic classification
of flows: Hyperbolic, Parsbolic, Elliptieal and hMixed Flow. Nuomerical Methods: Fialte
difference method, Salution of Linear Equation Sysiems.

Unit - [11: Linearizntion of governing equations and nu merical solution

Lintar wave eguation, Burgers equation, Convection diffusion equation, First and seoond
arder mumesical methods Lax-Frederichs, Lax Wendroff, MacCommuck. implicit and
explicit schemes, Finite difference method for the momentum equaticns, boundary conditions
for the velocity.

Uit - IV: Numerieal Solution of Navier Stokes and Euler Equation
Mixed variational form: Galerkin and Finite Element approximations

Refercnees:
1. 1. H. Ferzige. M. Perig, “Compuational Methods for Fluid Dynemics”, Springer-
Verlag Berlin and Heidelberg GmbH & Ca., 3* Edition (2002)
2. B A. Anderson, 1.C. Tanneheil, R.H. Fletcher, Computations! Fluld Mechanice and
Hent Transfer, Hemisphere, New York (1984),
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J. Peyret. T. . Taylor, “Catnputational Metheds for Fluld Flaw®, Springer Verlis
{1983)
G. D, Smith, Numerical Solution of Fartlsl Differentisl Equations: Finlye DifTerence

Meihads, Clirendan Press, Ouford. 3* Egitlon ( 1586)
S, V. Patankap, Numerical Hest Tramsfer and Fluld Fiow, CRC Precs (1980).

R. B. Bird, R. C. Armstrong, O. Hassogar, Dyvnamice of Palymerie Liquids, John
Wiley, New Yurk {1987). '




BCT-40 PROJECT PART-1

Course Category : Praject (1)

Pre-requisite Subiject NI

Contact hoursfweek . Leetore: 0, Tutorial:l, Practicnl: 10

Noof Credits e

Courss Asyesoment + Contimuous assessment through presentation and imersction
Methods with supervisors

Course Ouieomi Students pre expectsd 1o:

& demonsicate 3 somd technical knawledge of their
nelected project topie,

o undertake problem identifiention, formulation and
erilution.

s degign engineering solurions 1o complex problems
utilising e syszems approach,

o do thermodynemic feasibility, material and energy
brlance of process bleck disgram

& desipn and opilinize: major equipment's i the
selected project

o demaonstrate the skills, knowledge, nnd sttitodes of a

professional engineer.

The student ean aléo choose g state-of-the-grt problem of their own intercst based on the
recent trends in Chemical Engineering / Selence in consultation with the puide, They shall
wark on the designnted problem eithér individually or In groups (no of students in groups
decides by faculty).

During the first term the students are required to:
1. Definz the project problem,

2. Write a project proposal including eoncise introduction of latest published popers in the
following order— a. Project title b, Introduction ¢. Ongin of the problem d. Literatore review
af resesrch and development o national & international level e, Significance of the problem
. Ohbjective o. Methadology b Derails of eollsboration (if any)

3. Camry out preliminary investigations if any or produet design or process design e,

4. Sumimarize the results (if anv), The student is required 10 prepore o month wise work plan
{for boih ssmesters) immedistely afier the alloiment of the project ind the department s
requiired to maintnin & progress report of every student/project. The progress repon should
reflect monthly pragress done by the student as per the work phin. The progress repart is 1
ke duly signed by the respective project guide by giving the remarks/marks/grades etc: on the
perindic progress dime by the student should submit the project réport st the end of respective
terms to the examiners 53 & supporting document for evaluation.

Every student will be examined orally bassd on the topic of histher project and relevant area

to evaluate his underetanding of the problem mnd the propress made by the student during the
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term. Students should submit a neatly typed and gpiml bound resgarch proposal st the end of
the firit tz=rin in the (bilowing formit. Fobt: Times New Roman, Foot size; 12, Headings: 14,
Spacingt L5, typed on one side of the Ad size paper with proportionate dlagrams, fpsres.
graphs, photbgraphs, lables ete. Referdncing siyle: 1. Guo L X. and Gray D. Q.. Chiroptical
bohavicnr of  (acetylMethylicellulose  Tiguid-crtstnlling  solitions In'  chiopoform.
Mocromolecules, 22, (1989), 2086, (Referencs numbers showid be mentioned in the: main text
as a supersoript) The proposal-should conain: 24 Page 11 The cover page - shouid memion:
Prajeet title, Name of the sedent, Neme of the guide, Exam sza1 number and Year. Pege 2:
Certificate. Page 3: Index Pnge 4 omwards: Research proposal (os sbove), sxperimentai
investigation detnils and result if any, Lost pege: References The department should prepore o
template of the format of the project report and supply it to the stedents so as to maintzin the
pnifcemity in the project reports. Students are encouraged To participate and present their
project work in various events, competitions. conferences and seminars efc, In consultntion
with their guide,

Note: The project goides are required to educate the stodents about antiplagiariom
policy of MMMUT and apply the same while doing the praject.
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BCT-45 INDUSTRIAL/PRACTICAL TRAINING

Cowrse Categary - Andil Covrse (AT}

Pre-i'equisito Subject ' NIL

Contac) hoore/week s Legture: 0, Tutoriol: 0, Practical: ©

Ko of Crediis 10

Courte Assessment . Contintous assessment through pretentation and industrial
Methade training in suger and chemical industries

Course Outtome students are expectod 1

o understend octisl process plant

o comrelste thearetical and practical knowledge
o pnalyse the problems in industries

o develop fife long lenming kil

Students are required o underiaks Industrial Training in Sugar Industry after 5% Tern for 10
days nnd reputed Process Chemical Industry afier 6 term for 45-50 dayk, Bepartment will
allot n Mentor to every student who will monitor the wetivity of a studernt during Industrial
Training. The Mentor/Teacher shall guide and supervise the activities of the student while the
stuelent Is undergoing Industrial Training, The Industrial Training report s 1 be prepared in
consltmtion with the Mentor/Teacher and industry. Students. are required 1o subimit neatly
typed and splral bound treining report after joining the college within month in 7" Term, The
department will armange & presentation session for oll the stedents 1o share their experience
during the Indusirial training at the star of the ferm. The report shoutd include mfonmation
abaut working of the industry and spoeific information of the work done by the student in the
industry. The students-are also required to attach an Criging! Cenificate issued by the
competent authority from the industry where he/she tas undergons tmining mentioning the
successtu] completion of the training, The Teport musi be duly signed by hisher dMentor. The
siudent Is required 10 present the report of the skills / knowledge acquired by her'hind during
the tratning for his industrial training evaluationTW. Report should be mrepared as the
guidiliney of Department.
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BCT-<6: CHEMICAL ENGINEERING DESIGN

Cotrre Catezory : Departmental Care (DC )
Pre-requeisite Subjeci : NIL
Contaet hoyrsiweek Lecture: 3, Tujorinl: 1, Practical: 0
No of Creodiis sl
Cnuree Assesement : Comiinuous evsecsment through' tilorals, anendance, hame
Methods assigmments quirees and cne minor lesl, one mgjor theosy
and proctical lest.
Course Quicome Students are expecied o
o understand congept of dynamic behaviour of simgtle
processes
o degign of single loop [e2dhock contril eystems
s do siability analysis of feed back sysienis

understand frequency régponse and anniysis linear
[PFOCERERE

[n)

Unit 1: Agitators and Reaction vessels

Types of agitators, their selection, applications, baffling, agitator shaft dismeter caleulations
which includes twisting momest eguivalent bending moment, power requirement
cilculsfions for agitation systéms.

Reaction vessels: classification, heating systems, design of vessels, study and design of
various types of jackets lilke plain, half coil, channel, limpet oil, study and design of internal
cofl reaction vessels, heat transfer coelTiclents in-coils, |9 Lecture]

Umit 2: Design of evapornlors and reboflers

Evaporators: classification, eriteria for selection, design of calendria type evaporstor,
Condensers: beat transfer fundamentals, condensetion outside horizontol whbes, condensation
inside and outside vertical twbes, condensation inside horizontal tubes, condensation of
mixtures,

Rebollers: types, selection, boiling heal transfer fundamentals, estimation of boiling heat
transfer coefficients, pool boiling, convective boiling |9 Lecture|

Unit 3: Design of apxiliary Process Yessel
reflux drum, knockous drum, liguid-liguid and gas-liquid separators, entrainment separators,
oil water separator, decanier, gruvity sepprutor, design of safety devices |9 Lecture]

Unit 4: Optimisation of Process Equipment and Plant Utilities
Optimization of heat exchangers, evaporators, mass tronsfer equipment and reactors. Pinch
wechnology mnalysis. Plant willities: Air, water, steam |9 Lecture]

References
1. L.E. Brownell, E. Young “Process equipment design™ John Wiley, New York {1963),

2. B.C. Bhattacharve, “Introdection. to Chemical Equipment Design®, €. B. & 3

Publications (201 1)
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+ . M. Collson, J. F. Richardeon, R. K. Sirott, “Chemical Engineering: Vol. VI

Y. V. Mahajanl, § B Umajl, "loshi’s Process Equipment Design”, Laxmi
Publications Pyt Lid. (2017)

Pergamaon Press, $ Edition (2012).

Treyhall R. E,, “iass Transfer Operations”, MeGraw HIll Tndia. 3™ Edition (2012).
5. M. Walas, B, w, Helnamier, “Chemical Process Equipment-Ssizetion and design”,

Butterworthy (1988).

E. E. Ludwig. “Applied Process Design for Chemical and Pewochemica] Plans, Vel
&7, Gulf publishing Co. Publishing Compsny, Texas, 47 Edition (2007)
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BCT-50 PROJECT PART-II

Caourie Calepory : Projest ()

Pre-requiulte Subject - BCT-40

Conmmet kours/week : Lecturd: U, Tuteriald, Practical: 10

No of Credi 3]

Course Assessment » Canfinuous asssesment through presentatian and infernction
Melhods with supervisars

Coprse Ouicome Students nre axpected 1o

o demonstrate o soond technical kKnowledge of thelr
aelected proj=ct fopie,

o undertake problem identification, formulation and
salution,

o design enginsering eolutions to complex problams
utilising a systems approach.

o do thermodynamic feastbifity, materis! and emergy
balance of process block disgram

o desipn and optimize major cauipment’s in the
selected project _

o demonstrate the skills, knowledge, and attitudes of 2
professional engineer.

During the second term (Project Pant-11) the siudents are required 10:

1. Carry out detailed work on previousty defined (Project Part-1) project problem.

2, Write a Project Report, which should be brondly divided Into the following seetions define
by the supervisor

Fonr: Times New Roman, Font size: 12, Headings: M4, Spacing: 1.5, tyood on one side of the
A4 size paper with praportionae dingrems, figures, graphs, photegraphy, fabley ete.
Referencing style: 2 Gwo J X and Gray 0 G, Chiroptical  beheavior af
facenyl)fehlicellulose  liguid-crysealline solutions i chloraform, Meacromolecwles, 22,
{1989), 2086, (Reference numbers should be wentioned in the main text as a superscript)

The Project Repori shonld contain in the following order;

1. The cover page —must mention: Project title, Name of the student(s), Name of the gulde,
Exam seat number and Year.

2. Certificats from guide

3. Centificate from industry (if any)

4. Index

5. Detniled Project Report having sections *a’ 1o *g” from abave,

The student is required 1o prepare a month wisz work plan (for both semesters) immedintely
after ithe allotment of the project and the department is required to maintain & progress repon
of every student/project, The progress report should refleet monthly progress done by the
siudent as per the work plan. The progress repart iv to be duly stgned by the respective
project gulde by giving the remarksinarks/grades ere. on the periodic progress done by (he

student at the mid of the term and should be submitted along with praject repart ot the end of -

respective terms to the examiners ns 4 supparting document for evalustion.
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Each student |5 required give presznfution of Hile weerle for 20 iminutes using 20-22 shides, The
presantation witl be followed by question answer session of 5. min. The depnrmentmiversity
will provide semplate of the format of the prijest report end supply it 1o the sudamts &0 A8 10

maintain the uniformity in the projeet reportz,
Students are encotmged (0 panticipate and present theit project work i vipiDus events
eompetitions, conferences and seminars elc. in consulation with thelr puide.

Note: Students must check plaginrism policy of MMMUT and apply the sume while
doing the project
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BCT-11 HETEROGENEOUS CATALYSIS & MULTIPHASE REACTOR DESIGN

Conrse Category - Progrmm Elective = IV (PE-[ILIV)

Pre-requisiie Subject - WIL

Conmer hourefweek t Lzerure: 3, Tutorinl:1, Proctied]: 10

sin of Credits ‘

Courie Asssisment ! Continious assessment throvgh presontuiion: gnd interaction
liiethads with superyisors

Clourse Quicome Srudents are expectad o understend concept of:

& hetcrogencdus rocesses
o diffusion control reactions

= pas-solid and ges-liquid reacthons
o fluidized bad renciors

Unit - I: Heterogeneouws P'rocesees

Glabal rates of reaction. Calalysis. Gencenl characteristics of canlysis. Physical adsorption
and chemisorption, Adsorpition isotherms. Determination of surface ares of p catalyst,
Classification of catalyst, catalyst preparation, Catalyst deactivation, Langmuir Himshelwood
and Eley — Rideal model. Rate equation when surface reaction, adsorption and desorption
control, External Diffusion effects on heteropencous cemlbytic reaction. Modeling diffusion
without reaction [ Lectores)

Unit - T Diffusion control reactions

External reststance 1o mass transfer, Mass transfer limited reaction in packed beds, Diffusion
and reaction in porous catalyst pellets. Effective diffusivity and effective thermal
canductivity. Internnl effectiveness factor. Thiele modules, Mass transfer and renction fn &
packed bed reactor. Gas- solid non-catalytic reactions, [9 Lectures|

Unii - TI; Gas — Solld/Gas-liguid reaclions

Limitation of shrinking core model, Determination of the rate controlling step, Design of gas
enlid particle reaction. Gas ~ liguid reaction, Absorption combined with chemical reection.
Mass transfer coefficients and kinetic constants, Application of Tilm penetration und surface
renewal theories: Haitn number and enbencement factor for first crder resction. Tower reatior
dasign. [9 Lectures]

Unlt 1V: Fluidized bed reactors

Phenomena of Fluidization, liquid fike behaviour of fluidized beds, advantages and
disadvantages of fluidized beds, different types of Muidized beds and its applications, Heat
and Mass Transfer in Fluidized Beds: Varlables affecting heat transfer rate, heat transfer at

the wall of containing vessel, heat transfer o [mmersed tubes. [9 Lectures]
Ruf-:rem:us,
. 1. M. Smith, *Chemical Enginering Kinetics™, MeGraw Hill Cﬂung:. . E?iiimﬂ
(1981) A -.ll %!
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2. H. S Fogler, “Elements of Chemizn! Renotion Englieering™, Premtice Hall of Indja
Pt Lad, 4% Edition 2008)

3. O. Levensplel, "Chemical Reactlon Engineering”, John Wiley, 3" Edition (2006)

4 G Hill “An Intraduetion to Chemical Englittering Kinetics & Reastor Deslpm’,
Jeshn Wiley, 2 Edition (1954) W

5. B. Vigwanathan, S. Sivassnker, A. V. Regmswamy, “Catlvisls: Principles and
Applications”, Alpha Scienice Interastional, Ltd (2002)

6. R. A Van Samon, Pict W, N. M. Van Lesuwen, Jucob A. Moolijn, Broce A. Averill,
“Caialysis: An Integrated Approach”, Elsévier Sclence. 2% Edition (159404)

7. D. Kunil, O, Levenspiel, “Fluidizntion Engincering”, ButterworthsHememiann, 2
Editlon (1991)
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BCT-12 PETROLEUM ENGINEERING

Course Category - Program Elegtive - 111 & IV (PE-ITI&IV)

Pre-requisite Subject NIL

Contaet honrs'week - Lectirs: 3, Tugorial: ], Pmetieal: 10

No of Credits 4

Cotrie Asseromend - Coptinuows nseessmient thiough presentatinn and Intessction
Methads with supervisors

Conrge Outeaome Students are expected to undervinnd of:

crisde il evaluation resting and eracking

irentment processes for erude oil purification
grackine of nnphtha ond gas

somerizafion, afkyistion and  polymerizistion
processes

{1 B R« R ]

Unfi - I: Crode aud Cracking

Compositien of erude and elassification of erude ofl, evaluation of crude ofl and testing of
petroleum produets, refining of petroleutm, atmaspheric and vacoum distillation, thermal
eracking, vis-bresking, coking — catalytic cracking (FCC), hyvdrocracking, air blowing of
bitumen. [ Lectures]

Unit - [1: Treatment of Crude ofl

Treutment technigues for removal of sulphur compourids 1o improve performance, prodoction
and tremtment of LPC, LNG technology, sweetening operations for guses including merox,
ethanolamine, copper chloride, cte., storage and stability, product treatment processes -
various solvent trentment processes, dewnxing. ely treatment and hydrofining, |9 Lectures]

Unit - IIT: Cracking of naphths and gas

Cracking of naphtha and gas, catalytic reforming of petroleum feed stocks, extraction of
aromatics, next peneration processes, thermal eracking process, catnlytic cracking processes:
fitsid eatnlvtic eracking process, shell FCC process, S&W fluid estalylic cracking process,
hydrogen addition processes, ssphaltenic bottoms cracking peocess, hydrovisbreaking (hyear)
process, salvent processes, dessphaliing process; deep solvent deasphalting process, demax
Process, 19 Lectures]

Unit - IV: Isomerkzation, alkylation and polymerization

Petrochemicals production: dimethyl terephathalate (DMT), ethylene glycol, synithetic
glycerine, lnear alkyl benzene (LAB), acryionitrile, methy] methnerylate {(MMA), vinyl
acetnte monomer, phiballic anhydride, mmlefe anhydride, phenol, scetone, methanol,
formaldehyde, acetaldehyde and pentacrythritol, production of carbon bleck. |9 Lectures]

Refereices
I. B. K. Bhaskara Rao, “Modem Petrolenm Refining Processes”, Oxford and IBH

Publishing Company, New Delhi, 2 Edition { 19%0), |
|
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2. W. L. Nelson, “Petroleam Refinery Engineering”, McGraw Hill, New York, 4

Edition (1983}, _ .

3. B. M. Bhasiars Rao, “A Text on Petrochemicals™, Khanna Puhlishers, New Delhi, 17
Edition (1987). _

4. C.5 Hew PR Rebirson, “Praceical Advasoes in Pertotoum Processing: Volume | &
11", Springer Publications 20061,

5. .. Sarkar, “Advanced Petrolean Refining”, Khanna Publishers {2008).

5 R E Manles, “Petroleum Refinery Process Feemomics", PermWell Corparailen
(2000)

7. R. Prasad, “Petroletin Refinfng Technology™, Khanne Fublishers (20010).
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BCT-T3 POLYMER ECIENCE & TECHNOLOGY

Course Category »Promam Elective —[II&IV (FE-ITI&TV)

Mre-requizite Subjeer v NIL

Contfact honrehweek : Leenire: 3, Tutoriak 1, Practical: 70

No of Credits 4

Course Assessmend : Cominuous assessment through presenmtion and intetaction
Methods with supervisors

Course Outcome Students are expected o

o pderstand bosie of palymer

ealculnte moleculnr weight of polymer

understand {eoior affecting polyimer properiies
understand  rheclpry  of polymer and  polvmer
processing

o O O

Unft - I: Basics of polymer
Introduction to polymers, classification of polymer, types. of polymertzation. kinetics of
polymerisation, methods of polymerization.

Unit - I: Molecular welght and properties of polymer
Molecular weight of polymers, experimental methods for molecular weight determination,
molecular weight distribution curve, factors affecting polymer properlies,

Unit - 111: Rheology of polymer
Thermoplastics, Thermosetting plastics, rheology of polymer, viscosity determination

Uinit - IV: Polymer processing

Effect of additives such as plasticizers, colournnts, heat stabilizers, antioxidants, ultraviolet
sbsorbers, antistatic agents, flame retardants. blowing agents, lubricants and fillers, Moulding
techniques for plastics: injection moulding, compression moulding, calendaring, blow
moulding, extrusion, thermoforming. Wet, dry and melt spinning methods for fibres,
vuleanization of rubber, elastomer processing. Nano composites,

References

I. F. W, Billmever, “Text book of Polymer Sclence”, Wiley-Blackwell, 37 Edition
(1984).

2 V. R. Gowariker N.V. Vishwanoathan, Javadev Sreedhar, “Polymer Science”, New
Age (2006).

3. V. H. Shah, “Handbook of Plastic Testing Technology', Wiley-Blackwell, 2™ Edition
(1998).

4. L R. Friedh “Polymer Science and Technology™, Prentice Hall India Lesming Private
Limited, 2™ Edition (2005).
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RCT-74 OFTIMIZATION TECHNIQUES IN CHEMICAL ENGINEERING

Conrss Catepory < Program Elective — &RV (PE-ITI&TVI

Pre-requizite Subject < NIL '

Contact hoursiweek - Lectirre: 3. Tutorial: 1, Practical: 10

No af Credlis 4

Course Assessmont « Continuous ssscssment (hroueh presentation ond mtevaction
Methods wilh supervisors

Cuourse Outeonie Stadenis nore expecied 1o;

e formulme optimization problems

o solve optimization problems using hasic concepts

o solve mmeonstrained  single amd multivariable
nrobiems

sofve optimization problems using: linsar and non-
limear programming

3

Unit - [: Basics of Optimization
Oiptimization problems formulstion, optimization clissification, Optimiztion appHestion 1o
chemical and biochemical engincering problems, review of lincar algebra

Unit - I1; Basic Concepis of Optimization

Continuity of functions, Unimodal and multimodal fimetions, Optimality eritérin for
uncanstrained single variable fimetions, Optimality eriteria for unconstrained multivariable
Functions, Equality constrained problems, Lagrange nultipliers, Kubn Tocker canditions

Uit - [T Unconstrained single and multivarinhle optimization

Unconstrained single varinble optimization: Newton-Raphson meéthod. Bleection method,
Secant method

Unconstrained Multivariable Optimization: Simplex method, Hooke-lesves patern search
method. Powell's conjugate direction method, Gradient Bassd Methods: Cauchy's method,
Newilon's method, Marguard: method

Unit - IV: Linear and Nowlinear Progromming
Foemulation of finear programmiinz models, Graphical solution, Simpiex Method
Constrained Nonlinear Programmiing: Penalty function method, Lagrange multiplier method

Referenves
|. T.F. Edear, D, M, Himmelblay, L, 5. Lasdon, “Optimtzation of Chemical Progesses”,
MeGraw Hill, 2™ Edition (2001).
2. A. Ravindran, K. M. Ragsdell, G. V. Reklaltis, “Engineering Optimization; Mefhods
and Applications”, Wiley India, 2 Edition (2006).
3. S.S. Rap, “Enginecring Optimization: Theory ond Practice”, John Wiley & Sons ne.
4% Edition (2009).
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BCT-75 STANDARDIZATION & QUALITY ASSURANCE 1IN CHEMICAL
NBUSTRY

Courze Category : Program Elective —IT1ETV (TE-HI&ENT

Presrequinite Subjoct ML

Conteot boenrafweek : ecture;: X, Tutanuk: |, Proctioal: 10

No of Credits 4

Cotithie Assessment - Contirmous pssesament thronsh presentation and imeraction
Methaods with supervisors

Course Quicome “Mudents are expected to understand;

o hasic concepts of quality contral

o Imermational kandard guidelines of quality control
raw material specifieation

o cocwnenintion in indutry

o

-

Unft-1: Bagic of quality coniral

Concepd, evolulion and scopes of quality control and quality nssurmmee, Good Inboratory
practice: Introduction, scope and overview of ICH guidelines QSEM, with special emphasis
on Q-series guidelinss, quality assurance unit, protocol for conduct of non-clinical testing,
comirol on animal house, report preparation bnd documentation. CPCSEA guidelines

Unit-11: Guidelines for quality confral

elGMYP guidelines according to schedule M, Organization and personnzl responsibilities,
training, hygiene and personal records, drug industry location, design, construction and plant
lay out, maintenance, sanitition, environmental centrol, utilities and maintonance of sterile
arens, control of contamination end good warehonsing practice,

Unit-TI: Raw Materiais

Analysis of raw materials, finished prodocts, pockaging materials; in process guality control
(IMQC), developing specification, purchase specificntions ond maintenance of stores for rw
materials: In process quality control and finished products gunlity contral for bliowing
dosage forms i pbarma industry sccording to Indinn and US Pharmacospin: Tablets,
capsules, ointments, suppoditories, erenms, parenterals, ophthalmic and surgical produgts:

Upit-IV; Doenmentation

Three tier documentation, policy, procedures and work instructions, and records (Formats),
pasic principies- How to maintam. retention and retrieval etc. Stondard opernting procedures
{(How to write), master botch record, batch manufacturing record, quality audit plan and
reports. Specification and test procedures; protogols and reports. Distribution records and
glectronic data handling. Concepts of controlled and wncontrolied documents. Sobmission
documents: for regulators DMFs, as commaon technical dacument and electronic common
technical documentasion (CTD, eCTD). Concept of regidated and non reguinted markets,



Referentes _
|, S. Weinbhern. “Good Laboratary Practice Rewtilatict”, CRC Fress, 47 Edition (2007).

2 FiP. Shurma, “How (0 Practice GMP's", Vandana Publications, Agrs.
3, . P, Tobin, “Principles in Good Manufscturing Practices for Begineers”, Validation

Resources (2016}
4, Hirsch ©. F., “Oood laboratory Practide Reguintions”, Vol. 58; Mureel Dekker Senes,

Hew Yotk (1989),



BCT-76 INDUSTRIAL SAFETY & HAZARD MANAGEMENT

Course Category : Program Elective =THEIV (FE-111&TV)

Pre-requisite Sublect :INILL

Contact hours’week »Lecture: 3. Tutorial: 1, Practical; 10

Mo of Credits o

Coursg Asgessment : Continuons assessment through presentation and (ntemaction
Meihods with supervisors

Courze Outcome Students are expecied to undersiand:

o basic concepts of chemical process saifkty
o imporance of safety parameter

2 hazntd and explosion managenent

o risk, emergency and disssier menagement

Unli - I: Basle concept of chemieal process safefy

Concepts and definition, ssfety culture, stomge of dengerous materfals, plant lavout safety
systems, OSHA incidence mte, FAR, TR, The accident process: Initintion, propagation, and
termination, toxicology: ingestion, inhalotion, Injection, dérmal absorption, dose versus
response curves, relative taxicity, threshold limit values,

Unit - T1: Safety control parameter

Technology and process selection, scale of disaster, fire triangle, distinction between fires
and explosion, definitions of Ignition, auto-ignition temperature, fire point, flammability
limits, mechanical explosion deflagration and detonation, confined explosicn, unconfined
explosion, vapour clobd explosions, boiling fiquid expanding vapour explosion (BLEVE],
dust explasion, shock wave, flammabilicy characteristics of liquids and vapours, minimum
oxygen cancentration {MOC),

Unit - TI: Hazard and explosions

Conirol of toxie chemicals, Stornge and handling of flammeble and toxic chemicnl, Runwey
repctions, Reliel system risk and hazards management, Desipn to prevent Fires and
Explogions: Inserting, static Electricity, Explosion proof equipmont and Instrument,
Ventilation, sprinkler systems and Miscellanzons Design for preventing Fires and Explosion.
Hazards identification: process harards checkliste, hazard dprveyy, hazard and operability
studies (HAZOP), safety reviews

Unit- IV; Risk, emergency and disasier

Rigk assessment: review of probability theory, Interaction between process units, revealed
and uhrevealed failure, probability of coincidente, event trees and fault trees.

Tockling disasters, plan for emergéncy. Risk management routinés. Emergency shutdown
sysiems, Rale of computers In safety. Prevention of hazard heman element, Technology and
process selection
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Beferences:
1. Dnial A, Crow! and Joseph F. Louvar, “Cliemizal Proscess Sufity: Fundamentals with
applications™, Préntlee Hall Tne (1990).
3. P. P. Leos, "Lose prevention in process Indostries. Vol T & F7. Buterwarth
Publication (1943)
3. R.W, King and 1. Magid, "Industrial Hamirds and Safety Handbook™, Butterwarth
Publication (1982) _
4. A Khulman, “Introduction of Safety Science”, Springer-Verlag New York Inc (1956
5. 'W.E. Baker, “Explésion. hazrds and Evaluntion”, Elpevier Amsterdam (1983)
B, OB, Kherbanda, E.A. Stallworthy, “Maongement of Disasters and How o Freven!
Them”™, Grower Publishing Lid. (1986)
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BCT-TT FROJECT ENGINEERING & MANAGEMENT

Course Category f Program Elective < [ITETV (PE-ITIE&IV)

Pre-reguichie Subjset t NIL

Contact hoersiwveek : Eecture: 3, Tutorial: 1. Prectical: 10

o of Credits :

Course Assessment : Contmwous assessment through presentation and Itersotion
Methods with supervisors

Courss Chitcome Studenis ars expected to understand:

o basics of project engineering

o planning and scheduling of projeos

o coneepts of detailed engineering and execution
o piping desion lnvour

Unit - 1: Basies of Project Engincering

Scope of project enginecring. the role of project eaginzer, RED, TEFR, plant josation and
site sclection, preliminary dats for construstion projects, peocess enginecring, flow disgrams,
plot plang, engineering design and drafting.

Unit - H: Planning and scheduling of projects _
Bur chart and network techniques, procurement operations, office procedures, contracts end
contractors, project financing, statutory sanctions

Unit - I11; Detailed Engincering _
Dietails of engineering design and equipment selection- design caleulations excluded vessels,
heat exchangers, process pumps, compressers and vacuum pumps, motors and turbines, other

process equipment,

Unit « IV: Piping Design
Thigrmal insulstion and buildings, safety in plant design, plant constructions, start up and
comrmissioning, design enleulations excluded

References
I.. H.F.Raesc, M. H. Barrow, “Praject Enginzering of Process Plants™, John Wiley, 9%

Edition (1974),
3, F, P, Helmus, “Process Plant Design, Wiley-VCH {2008).
H. S, Agea, G. Cotone, “Introduction (o Process Plant Projects™, CRC Press (2018)
4. P.F. Navarrete, W, C. Cole, *Flanning, Estimating, and Control of Chemical
Construction Projects {Cost Englneering)”, CRC Press, 29 Edition (2001)
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BOT-78 BIGPROCESS ENGINEERING PRINCIPALS

Canrse Category : Program Elective — 11181V PE-HTETV]

Pre-vequisiie Subject : NIL

Contact bonrshwezk + Leatare: 3, Tuworini: 1, Prestical: 10

Mo of Credits : 4

Course Ascesment - Continnons assessment thrpugh presentation and fnteraction
Methods with supervisors

Course Oulcome Students-are expected o understand:

o bhasiesof biolegy ond bistechnnlogy

o  metnbolio pathimoys

o design concept of bioreactos

= hasic of biochemical modelling snd hineenarnton

Tinit - 1: Basice of Biology and Biotechnnlogy
Basics of Biology; Overview of Biatechnalogy, Diversity i Microbial Cells, Cell
Constituznts, Chemicals for Life Kinetics of Enzyme Catalysis

Unit- I1: Metabolic pathways:

Inmobilized Enzymes: effects of intra nnid inter-phose mass transfer on enzyme kinetics,
Major Metsbiolic Pathways: Bioenergetics, Glucose Metabolisrm, Biasynihesis, Microbial
Growth: Continuum and Stochastic Modele

Unit - £ Deslgn concept of Bioreactors
Dlesipn, Analysis and Stabillty of Bioreactors, Kinetics of Receptor-Ligand Binding,
eceptor-niedinted Endocyiosis

Unit - 1V: Biologieal modeliing and big-separation _
Multiple Interacting Microbial Population: Prey-Predator Models. Bio-product Recovery &
Bic-separations; Manufacture of Binchemicel Products

Referénces:
|. 1. BE. Balley, D, F, Ollis, “Biochemical Engineering Fundamentals™, MeGraw Hill
Book Company { 1586).
2 H.W. Blanch, 0.5, Clark, “Blochemical Engineering™, Murce! Dekiker Inc. (1997).

3. M. L. Shuler, F.Kargi, “Bioprocess Engineering (Basic Consepts)” Prentice Hall af
India, (2003),



BCT-79 NUCLEAR REACTOR TECHENOLOGY

Cottse Category ! Program Elective - HI&IV (PE-ITTETV)

Pre-reguiciie Subject SH

Contnct hourshweek : Lectore: 3, Tutorial;), Practical: 10

Mo of Credin 4

Course Asscssment : Conitinuous asaéssment through presentition apd interction
Methods with sopervisars

Counrse Crateatne Studenis are expected 10 understand:

o hasics of nuclesr onpineering

bezle concep! of nielearreactop

deslgn of nuclear renctor and thermal power siation
priciiess for dispossl of nuelaar waste

o O

N

Unit - 1: Nuclear Englacering

Atomic Nuclei, Atomic Momber snd Mass Number, lsotopes, Atomic Mass Unit,
Rodioactivity snd Radiosctive Change Rate of Radicactive Docay, Mass, Energy
Eguivalence, Binding Encrey, Release of Energy by Nuclear Reaction, types of Nuclear
Reactions, Initintion of Nuclear Reaction, Nuclear Cross, section, Nuclear Fission, The
Fission Chain Reaction, moderation, Fertile Materinls and Breading. Nuclear Fusion Reaction

Unit - 1T Noclear reacior
Cienieral Components of Nuclear Resctor, General Problems of Reactor Operation, Different

Types of Resotors, Pressurised Water Reactors (PWRY Bailing Water Reactors (BWR),
Heavy Water — conled and Moderated CANDU (Canadisn Dewterium Uranjum) Type
Reactors, Gas-conled Reactors, Breeder Renclors

Unit - TIT: Nuelear reactor design and thermal plant

Resctor Containment Design, Location of Nuclear Power Plant, Nuclear Power Staton In
India, India’s 3-stape Programme for Nuclear Power Development, Comparison Nuclear
Plants with Thermal Plants, Muclenr Materjale Introduction, Fuels, Cladding and Stractural
Materinls, Coolants, Moderating and Reflecting Materiale, Control Rod Materiale, Shielding

Mauterials,

Unli - TV: Trentment of nuclear waste

Nuclear Waste & Its Disposal! Introduction, Unit of Nuclesr Radintion, Types of Nuglear
Waste, Effects of MNuclear Rodiation, Radioactive Waste Disposal System. Gas Disposal
Svetem. Safety Rules: Personal Momnitoring, Radiation Protection, Radiation Dose

References:
1. P. K. Nag. “Fower Plant Enginzsaring”, Tatn MeGeaw Hill, 4™ Edition (2017}

2. Arara, DomKundwar, “Power Plant Engineering™. Dhanpat Raf & Co (2016)
3. G, N. Pandey, “A Text Book on Energy System and Englnezring™, 5. Chand & Co [1994)
4. (. Vaidyanathan, “Nuclear Reactor Engineering™, 8. Chand & Co (2013)
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NPTEL Courses offered as program elective

(Offered in Jap-April 2019

Sr Name of Course Week |
Nn |
1 | Compurationsl Fluid Dynanies 12 |
2 | Process Control Design and malysie 12
3 | Transport phenomenk for Non-Newtonian Fluids 12
4 | Waste 1o energy conversion §
5 | BEquipment Design: Mechanical Agpects |
6 | Advanced Chemicsl Thermodynamics 12
7 | Applied environmental Microbiology 12
8 | Environmental Remedistion of contnminated sites 12
4 | Electronics Wasts Management — Izsues and challenges 4
10 | Plastic Wasle Management i
11 | Mass, Momentwin and Energy Balances in Enginesring 4
Analysis
12 | Soft skills for business negotiations md marketing strategies 12
13 | Six Sigma ¥
14 | Quality Design and Control 12
15 | Operations and Supply Chain Management 2
16 | Probability and Statistics 12
17 | Binstistical Interference 12
18 | Mathematical Methods and its Applications 12
19 | Advanced numerical methods for solving engineering 4
problems
20 | Basies of Finite Element Analysis-1 )
21 | Fundamentals of electronic materials and devices &
27 | Solar Photoveltics: Principles, Technologies & Materials )
23 | Material Cherscterization 12|
24 | Fuzzy Logic and Meural Networks g8 |
25 | MATLAB Programining for Numerieal Computation g |
T
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