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MEETING SECTION
INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

Minutes of the 63 Meeting of the Senate held on 11.01.2016 in the
Senate Hall of the Institute.

Following were present:

Following were present:

1. Prof. Pradipta Banerji Director & Chairman

2. Prof. (Mrs.) Pushplata (Architecture & Planning)
3. Prof. V. Devdas (Architecture & Planning)
4. Prof. (Mrs.) Ila Gupta (Architecture & Planning)
5. Prof. R.P. Singh (Biotechnology)

6. Prof. Ramasare Prasad (Biotechnology)

7. Prof. Partha Roy (Biotechnology)

8. Prof. Shishir Sinha (Chemical Engineering)

9. Prof. Ravi Bhushan (Chemistry)

10. Prof. Anil Kumar (Chemistry)

11. Prof. (Mrs.) Mala Nath (Chemistry)

12. Prof. AK. Singh (Chemistry)

13. Prof. U.P. Singh (Chemistry)

14. Prof. M.R. Maurya (Chemistry)

15. Prof. K.C. Gupta {Chemistry)

16. Prof. Deepak Kashyap (Civil Engineering)

17. Prof. C.S.P. Ojha (Civil Engineering)

18. Prof. 8.K. Ghosh (Civil Engineering)

19. Prof. M. Parida (Civil Engineering)

20. Prof. Praveen Kumar (Civil Engineering)

21. Prof. N.K. Samadhiya (Civil Engineering)

22. Prof. B.R. Gurjar (Civil Engineering)

23. Prof. P. K. Gupta (Civil Engineering)

24. Prof. Manocj Mishra (Computer Science & Engineering)
25. Prof. (Mrs.) Amita Sinvhal (Earthquake Engineering)
26. Prof. R.G.S. Sastry (Earth Sciences)

27. Prof. Sandeep Singh (Earth Sciences)

28. Prof. R. Krishnamurthi (Earth Sciences)

20. Prof. Pramod Agarwal (Electrical Engineering)
30. Prof. 5.P. Srivastava (Electrical Engineering)
31. Prof. M.V. Kartikeyan (Electronics & Communication Engg.)
32. Prof. Dharmendra Singh (Electronics & Communication Engg.)
33. Prof. D.S. Arya (Hydrology)
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63.

64.
65.
66.
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68.
69.
70.
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Prof. D.K. Nauriyal
Prof. Nagendra Kumar
Prof. Y.S. Negi

Prof, S.C. Sharma
Prof. S.P. Sharma

Prof. R.C. Mittal

Prof. V.K. Katiyar

Prof. Kusum Deep

Prof. Tanuja Srivastava
Prof. N. Sukavanam
Prof. Dinesh Kumar
Prof., Ravi Kumar

Prof. P.K. Ghosh

Prof. 8.K. Nath

Prof. B.S. 8. Daniel
Prof. Tashi Nautiyal
Prof. K.L. Yadav

Prof. Davinder Kaur Walia
Prof. G.D. Varma

Prof. M.L. Kansal

Prof, Ramesh Chandra
Prof. R.P. Saini

Prof. M.P. Sharma
Prof. Arun Kumar

Dr. R. Balasubramanian,
Dr. P. Jeevanandam

Dr. R.K. Peddiniti
Dr. A K. Sharma
Dr. N.K. Nawani

Dr. Inderdeep Singh

Dr. R.D. Garg

(Humanities & Social Sciences)
(Humanities 8& Social Sciences)
(Paper Technology)

(Paper Technology)

(Mathematics)

(Mathematics)

(Mathematics)

(Mathematics)

(Mathematics)

(Mathematics)

(Mechanical 8& Industrial Engg.)
(Mechanical & Industrial Engg.)
{(Metallurgical & Materials Engg.)
(Metallurgical & Materials Engg.)
(Metallurgical & Materials Engg.)
(Physics)

(Physics)

(Physics)

(Physics)

(WRD&M)

(Institute Instrumentation Centre)
(Alternate Hydro Energy Centre)
(Alternate Hydro Energy Centre)
(Alternate Hydro Energy Centre)
Institute Computer Centre
Associate Dean of Students’ Welfare
(International Students)

Associate Dean, Academic Research
Associate Dean, Academic Studies
Associate Dean of Students’ Welfare
(Bhawans)

Associate Dean of Students’ Welfare
(Discipline}

Chief Warden, Jawahar Bhawan

Dr. Vipul Rastogi, Associate Professor, Department of Physics

Dr. Barjeev Tyagi, Associate Professor, Department of Electrical Engineering

Dr. Umesh Sharma, Associate Professor, Department of Civil Engineering
Dr. K.R. Justin Thomas, Associate Professor, Department of Chemistry

Dr. Rajat Agarwal, Associate Professor, Department of Management Studies

Dr. A. Swaminathan, Associate Professor, Mathematics
Mr. Prashant Garg, Registrar & Secretary, Senate

The Chairman (Director) welcomed the members to the 63rd Meeting
of the Senate.

Before taking up the agenda, the Chairman thanked the under-
mentioned outgoing Senate members and recorded its appreciation for their
valuable contributions in the meetings of the Senate:
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Prof. A.K. Jain, Department of Civil Engineering

Prof. P.K. Gupta, Department of Earth Sciences

Prof. Shri Chand, Department of Chemical Engineering

Mr. Yogendra Singh, Librarian

Dr. {Mrs.) Smita Jha, Associate Professor, Department of Humanities &
Social Sciences

Dr. Pravindra Kumar, Associate Professor, Department of Biotechnology
Dr. Anil K. Gourishetty, Assistant Professor, Department of Physics

Dr. Rajat Rastogi, Associate Professor, Department of Civil Engineering

The Chairman also welcomed the under-mentioned new members to

the Senate and hoped for their wvaluable contributions and active
participation in its functioning:

1.

LN RLD

10.

11.

12.

13.

Prof. Debashish Ghosh, Department of Electronics & Communication
Engineering -

Prof. D.S. Arya, Department of Hydrology

Prof. S. Rangenekar, Department of Management Studies

Prof. (Mrs.) Shashi, Department of Chemical Engineering

Prof. R.P. Saini, Alternate Hydro Energy Centre

Prof. Arun Kumar, Alternate Hydro Energy Centre

Prof. M.P. Sharma, Alternate Hydro Energy Centre

Dr. Vipul Rastogi, Associate Professor, Department of Physics

Dr. Barjeev Tyagi, Associate Professor, Department of FElectrical
Engineering

Dr. Manish Mishra, Associate Professor, Department of Mechanical &
Industrial Engineering

Dr. Umesh Sharma, Associate Professor, Department of Civil
Engineering

Dr. K.R. Justin Thomas, Associate Professor, Department of
Chemistry _ '

Dr. Rajat Agarwal, Associate Professor, Department of Management
Studies

The Senate noted the communications received from the following

members for not attending the current meeting:

®NOUhk 0N

Prof. Bhim Singh, IIT Delhi

Prof. Vinod Kumar, Dy. Director

Prof. B.K. Maheshwari, Department of Earthquake Engineering
Prof, Dharm Dutt, IIT Roorkee Saharanpur Campus

Prof. N.K. Goel, Department of Hydrology

Prof. Rajesh Srivastava, Department of Physics

Prof. Deepak Khare, W.R.D. & M. _

Prof. Kamal Jain, Department of Civil Engineering
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9. Prof. S.8. Jain, Department of Civil Engineering
10.Prof. B. Mohanty, Department of Chemical Engineering
11.Prof. V.K. Agarwal, Department of Chemical Engineering

The Agenda was then taken up:

Item No. 63.1: To confirm the minutes of the 627 meeting of the
Senate held on 29.09.2015.

The minutes of the 622¢ meeting of the Senate held
on 29.00.2015 were confirmed. The relative weights of the
following courses were modified as per approved Senate

guidelines:
Contact Exam. Duration Relative Weights

3. | Subject [Subject|Credits Hours/Week (Hrs.)

No. | Code Area L|T]|P |Theoty]| Practical | CWS| PRS | MTE | ETE | PRE
1. [PEN-102 PCC 4 310;2/2 3 0 20 | 20 20 40 0
2.|CYN-013| BSC 2 0j0)| 4 0 0 0 50 0 0 50
3.|PEN-206 | PCC 3 3|0 0 3 0 25 0 25 50 0
4. |PEN-208 | PCC 3 210 3/2 2 0 20 | 20 20 40 0

Item No.63.2: To receive a report on the actions taken to implement

the decisions taken by the Senate in its 62*¢ meeting
held on 29.09.2015.

The Senate noted the actions taken on the
resolutions of the 620d meeting held on 29.09.2015.

Item No. 63.3: To consider the policy for conversion of status from
Full-time to Part-Time of students of PG Programme for
working on dissertation.

The Senate considered the proposal of IAPC to modify
the policy of converting status from Full-Time to Part-Time
of students of PG programme for working on Dissertation
and decided the following:

1. If the student submits NOC within TWO months of
joining the job before completing Dissertation Stage-I,
he/she will be allowed to complete both the stages of
dissertation in next two years but not before 18 months
(9 months for each stage of dissertation).



Item No. 63.4:

2. If the student submits NOC within TWO months of
joining the job after completing Dissertation Stage-1, .
he/she will be allowed to complete second stage of
dissertation in the next one year but not before NINE
months.

3. If the student is unable to submit NOC within TWO
months of joining the job before completing Dissertation
Stage-1, he/she will not be allowed to complete the
dissertation. He/she will be allowed to complete
dissertation only after he/she submits NOC and works
for at least 18 months (9 months for each stage of
dissertation) but within 24 months from the date of
NOC. In such cases, the maximum duration for
completing M.Tech. degree may exceed 3 years.

It was also decided that the conversion of status from full-
time to part-time even during the course work be also
considered by IAPC and bring as separate item in the next
Senate meeting.

To consider the Inter-IIT Semester Exchange
Programme as proposed by IIT Bombay.

The Senate considered the proposal of Inter-IIT
Semester Exchange Programme as proposed by IIT Bombay
and the recommendations of the IAPC and decided that, in
principle, the student exchange programme between T
Bombay and IIT Roorkee be approved as both have signed
an MoU in 2012 with the following conditions:

a) Equal number of students shall be exchanged
between the two Institutes in any semester.

b) Students shall be allowed to go under exchange
programme only after completion of the 25d year.

c} The equivalence of the courses to be studied shall be
decided before permitting the student to go under
exchange programme.

d) Dean, Academics of both the Institutes will formulate
a policy for student exchange.



Item No. 63.5: To consider the syllabi of programme core and
programme electives of B.Tech. (Polymer Science and
Technology) to be floated for III Year Spring Semester
onwards as received from Prof. In-charge, SRE Campus.

The Senate considered the syllabi of following
programme core and programme electives of B.Tech.
(Polymer Science and Technology) from III Year spring
semester onwards as recommended by the IAPC and
decided that the same be approved:

1. PEN-302: Rubber Material and Chemistry
2. PEN-304: Process System Analysis and Control
3. PEN-312: High Performance and Specialty Polymers
. 4, PEN-314: Biomedical Polymers
5. PEN-316: Functional Polymers
6. PEN-411: Rubber Processing and Applications
7. PEN-412: Chemical Engineering Thermodynamics
8. PEN-413: Paint Technology
9. PEN-414: Numerical Methods
10. PEN-415: Polymer and Tissue Technology
11. PEN-416: Process Optimization
| 12. PEN-421: Electronic and Conducting Polymers
13. PEN-422: Polymers Recycling and Environment
[ 14. PEN-423: Membrane Technology
15. PEN-424: Polymer Degradation and Stability
i 16. PEN-425: Polymer for Packaging Technology
17. PEN-426: Adhesives and Sealants
18. PEN-427:Applications of Nanotechnology in Polymers
19. PEN-428: Polymers for Smart and Memristive
Materials
20. PEN-429: Polymers and Advanced Technologies
21. PEN-430: Computation Fluid Dynamics of Polymers.
92. PEN-431: Application of Polymers in Drug Delivery
The syllabi of the approved courses are given in
Appendix ‘A’.

Item No. 63.6: To consider the syllabi of following two Departmental
Electives received from the Department of Computer
Science and Engineering:

1. CSN-524: Algorithms and Foundation of Chip Design
(New Course)

2. CSN-382: Machine Learning (Modified Course)

The Senate considered the syllabi of following

8
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Item No. 63.7:

Item No. 63.8:

programimme core Courses as proposed by the Department of
Computer Science & Engineering and recommended by the
IAPC. The Senate decided that the same be approved:

1. CSN-524: Algorithms and Foundation of Chip
Design
2. CSN-382: Machine Learning

The syllabi of all these subjects are given in
Appendix ‘B’.

To consider the proposed changes regarding Chairman,
SRC.

The Senate considered the proposed changes
regarding Chairman, SRC as recommended by the IAPC
and decided that clause R.1.4(a) be modified as given
below:

“Any senator preferably subject area expert either from
the department or outside can be nominated as
chairman, SRC.”

After detailed discussion it was also decided that,
henceforth, the supervisor shall propose three names each
of Internal and External experts after taking their written
consent for the formation of SRC. Out of these six names at
least two shall be the members of the Senate. The
Chairman, DRC and Head of the Department shall decide
one of the Senators as Chairman, SRC.

Further, it was decided that this rule will be
applicable from July 2016 admission.

To consider the minimum Educational Qualification for
admission to Ph.D. Programme of the following centres:

{a) Institute Instrumentation Centre
(b) Centre for Transportation (CTRANS)

The Senate considered the minimum Educational
Qualification for admission to Ph.D. Programme of the
following centres as proposed by these centres and
recommended by the IAPC. The Senate decided that M.Tech.

in URBAN Engineering be also included as minimum

Educational Qualification for admission to Ph.D programme

. o
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in CTRANS.

Item No. 63.9:

(a) Institute Instrumentation Centre

M.Sc./ M.Tech. in Physics, Applied Physics, Material
Science, Chemistry, Electronics & Nanotechnolgy
with NET/GATE.

(b) Centre for Transportation (CTRANS)

M.Tech./ M.Arch./M.Planning/ M. Des./ MBA or
equivalent degree in Civil Engineering/ Mechanical
Engineering/ Industrial Engineering/ Production
Engineering/ Computer Science & Engineering/
Chemical Engineering/ Infrastructure Systems/
Biotechnology/ Architecture/ Planning/ Urban
Engineering/ Business Administration.

To consider the Educational Qualification for
admission to Ph.D. Programme in the Disaster
Mitigation & Management Centre.

The Senate considered the minimum Educational
Qualification for admission to Ph.D. Programme of the
Disaster Mitigation & Management as proposed by the
centre and recommended by the IAPC. The Senate decided
that the following be approved:

Disaster Mitigation & Management

M. Tech. (Civil, Mechanical & Industrial, Chemical,
Computer Science), M. Arch & M. Planning or equivalent.

OR

M.Tech. in Geological Technology, Geophysical Technology,
Biotechnology or equivalent

OR

M.B.A. or M.C.A. in computer Science or M.Sc. in Physics,
Geophysics, Geology, Mathematics, Environmental Sciences
(with Maths in B.Sc.), M.Tech. Bio-technology or equivalent.



Item No. 63.10:

Item No. 63.11:

To consider the request of students for relaxation in
grading system for self study course.

The Senate considered the request of students and
the recommendation of IAPC for relaxation in grading
system for self-study course and decided that, henceforth,
there shall be no restriction on maximum grade to be
awarded to any student in a self-study course. However,
rest of the conditions on self-study course shall remain in
force.

It was also decided that students, who intend to go to
any other Organization/Institute later on for a semester,
may plan their courses such that they need not to take any
course as self-study after their return. They may take-up
course(s) in previous semester(s).

This will be effective from the session 2016-17.

To consider the procedure of awarding grades in
Seminar, Project, Laboratory course and
Dissertation.

The Senate considered the procedure of awarding
grades in Seminar, Project, Laboratory courses and
Dissertation and decided that grades be awarded in
Seminar, Project, Laboratory course and Dissertation using
Absolute Grading System as per table-given below:

Marks Grade Grade Marks
(Old System) | (New System)
91 < A+ AorO -
82 < A B+ <90
73 < B+ B < 81
64 < B C+ <72
55 = C+ C <63
46 < C D+ =54
35< D D <45
- F F <34

The minimum passing grade in Dissertation shall be
C (in old system) and C+ (in new system). This will be
effective from January 2016.



Item No. 63.12:

Item No. 63.13:

To consider the grades of Educational Tour.

The Senate considered the grading of Educational
Tour and decided that students shall be graded either as

- AP (Audit Pass) if they have gone on educational tour or AF

(Audit Fail) if they have skipped educational tour. These
students shall have to go for educational tour later on to
complete the requirement of degree.

To consider the syllabi of B.Tech. 3 year , Autumn
Semester (PP, PEM), B.Tech. 4th year, Autumn
Semester (PST, old scheme), corrected code numbers
of Departmental Elective II in the teaching scheme of
B.Tech. 3t year (Pulp & Paper) and inclusion of PP-428
in the teaching scheme of B.Tech. {Pulp & Paper) 4t
year, Spring Semester.

The Senate considered the syllabi of following
programme core and programme electives of different UG
programme at SRE campus as proposed by the
departments at SRE and recommended by the IAPC. The
Senate decided that the same be approved:

B.Tech. (P&P) new 3:d year and 4tt year

PPN-212: Chemical Reaction Engineering

PPN-214: Chemical Engineering Thermodynamics
PPN-216: Transport Phenomena
PPN-218: Process Optimization

PPN-302: Strategy of Process Engineering

PPN-304: Paper Properties

PPN-306: Printing and Packaging Papers

PPN-401: Environmental Management

PPN-411: Modelling and Simulation in Pulp and

. Papermaking Processes

10. PPN-412: Paper Mill Calculations

11. PPN-413: Computer Based Control System

12. PPN-414: Process Integration in Paper Industry

13. PPN-415: Process Dynamics and Control

14. PPN-417: Microprocessor and Its Applications

15. PPN-418: Applications of Biotechnology in Paper
Industiry

16. PPN-419: Recovery Process Calculations

17. PPN-421: Pulp Mill Calculations

18. PPN-422: Coated and Specialty Papers -

A,
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19. PPN-423: System Closure in Paper Industry
20. PPN-416: Converting Operations

21. PPN-424: Papermaking Chemistry

29. PPN-425: Paper Physics

23. PPN-426: Packaging Papers

24. PPN-427: Secondary Fibre Processing

Process Engineering and Management
1. PEN-352: Pollution Control Engineering
2. PEN-354: Chemical Plant Design and Economics

PEN-356: Financial and Management Accounting
PEN-401: Financial Management

PEN-402: Operations Management

PEN-403: Marketing Management

. PEN-404: Human Resource Management
Polymer Science and Technology (Old) 4tk Year

1. PE-422: Numerical Methods and Optimization in
Polymer Engineering

PE-424: Petrochemical Technolog

PE-426: Polymeric Fibre Technology
PE-428: Polymeric Nanomaterials

PE-430: Molecular Simulation of Polymers
PE-432: Polymeric Film and Packaging Technology
PE-434: Equipment Design

PE-436: Polymer Product Technology

No oA W

© N oGk ed

The syllabi of the approved courses are given in
Appendix ‘C’

Item No. 63.14: To consider the syllabi of new courses proposed by
the Department of Management Studies.

The Senate considered the syllabi of the following
Institute Elective courses for UG students as proposed by
the Department of Management Studies and recommended
by the IAPC. The Senate decided that the same be
approved:

1. IBM-312: Data Mining for Business Intelligence
. IBM-313: Project Management
3. IBM-314: Financial Statement Analysis and

Reporting

-11 - —



Item No. 63.15:

The approved syllabi are given in Appendix ‘D’. It
was also decided that Department of Management Studies
should propose the comprehensive list of programme
electives for consideration of departmental electives.

To consider the minor change in passing criteria of
comprehensive examination.

The Senate considered the minor change in passing
criteria of comprehensive examination and decided that
Absolute Grading System as given below be continued to
award the grade in Comprehensive Written Examination:

’7 Marks Grades Marks —‘
(new
system) -
9] < A -
82 < B+ <90
73 < B <81
64 < C+ <72
55 < C <63
46 < D+ <54
35« D <45
L F < 34

The minimum passing grade in Comprehensive
Written Examination shall be ‘C+’. It was also decided
that in Comprehensive Oral Examination no grade be
awarded. Instead the candidate be declared Pass/ Fail/Re-
appear after ...... months.

Further, it was also decided that the departments
may keep the comprehensive written examination of all
research scholars on one day in a semester so that
invigilation may not be a problem. The comprehensive
written examination may be kept during July-August in
autumn semester or in January-February in spring
semester and be notified in advance so that every scholar

can prepare well in advance.
;!

———
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Item No. 63.16: Reported the mode of implementation of slow pace
programme for  undergraduate students as
recommended by the IAPC and approved by Chairman,
Senate. One minor change is made in point 4.

The Senate accepted and noted that if the
undergraduate student of 15t Year is unable to get a SGPA
of 5.00 at the end of autumn semester OR the student has
failed to secure passing grades in one or more sujects,
he/she shall be put on slow pace programme as per the
following procedure:

1. If the student SGPA is less than 5.00 at the end of
1st  Year, autumn semester and he/she has secured
passing grades in all subjects, he/she shall be allowed to
register for all but ONE courses of spring semester.

2. If the student SGPA is more than or equal to 5.00 at
the end of 1st Year, autumn semester but he/she has
failed to secure passing grade in one course after ETE and
before re-examination, he/she shall be allowed to register
for all but ONE courses of spring semester. :

3. If the student has failed to secure passing grades in
one or more subjects after ETE and before re-examination,
he/she shall be allowed to register for all but TWO courses
of spring semester.

A NOTE below table in Appendix ‘J’ be removed
accordingly.

4. The courses for the 1st Year, spring semester and for
subsequent semesters shall be decided by the mentors of
the students.

5. Later on, in any semester, if the student is able to
secure SGPA 6.50, he/she shall be allowed to move to

normal pace programine.

0. The duration of such students may increase
automatically from 4 years to 5 or 6 years.

A

iy
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Item No. 63.17:

Item No. 63.18:

Item No. 63.19

Reported the modified format of degree certificate for
awarding to the Ph.D. scholars of the Institute.

The Senate accepted and noted the modified format
of Ph.D. degree certificate indicating the date of PDC as
given at Appendix ‘E’.

The Senate further noted that there is no change in
the format of other degree as rest of the programmes are
year based and students get their degrees after completing
all the courses in a year.

Reported the minor changes "in the course for
Integrated M.Sc. (Chemistry) final year.

The Senate accepted and noted the minor changes
in the course for Integrated M.Sc. Chemistry final year as
pointed out by the Head, Department of Chemistry in the
beginning of the Semester. (Appendix ‘F’).

Reported for signing the agreement deed for award of
scholarship of the value of Rs. 25,000/- (Rs. Twenty
Five Thousand only) per year in the name of “Prof. Dr.
S.R. Gupta Memorial Scholarship” for student of
B.Tech. (Mechanical Engineering) Programme for
Economically Weaker Section whose CGPA & Income
as per Institute rule applicable for MCM Scholarship
and no involvement in acts of Indiscipline received
from Mrs. Veena Gupta residing at Am See 8, 65795
Hattersheim, Germany.

The Senate accepted and noted signing of the
agreement deed for award of scholarship of the value of Rs.
25,000/- (Rs. Twenty Five Thousand only) per year in the
name of “Prof. Dr. S.R. Gupta Memorial Scholarship” for
student of B.Tech. (Mechanical Engineering) Programme
for Economically Weaker Section whose CGPA & Income as
per Institute rule applicable for MCM Scholarship and no
involvement in acts of Indiscipline received from Mrs.
Veena Gupta residing at Am See 8, 65795 Hattersheim,

Germany. (Appendix ‘G’)

s el
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Item No. 63.20:

Item No. 63.21:

Reported for signing the agreement deed for award of
Travel Grant for Internship of the value of Rs. 30,000/~
(Rs. Thirty thousand only} per year in the name of
“Smt. Gomti Devi Travel Grant for Internship” for Any
Full Time Student of LI.T. Roorkee to be decided by
the Director, IIT Roorkee received from Sri Indra
Prakash Gupta residing at # B 702, Aravali Heights,

. Sector 21-C, Faridabad 121001, Haryana.

The Senate accepted and noted the signing the
agreement deed for award of Travel Grant for Internship of
the value of Rs. 30,000/- (Rs. Thirty thousand only) per

" year in the name of “Smt. Gomti Devi Travel Grant for

Internship” for Any Full Time Student of L.I.T. Roorkee to
be decided by the Director, IIT Roorkee received from Sri
Indra Prakash Gupta residing at # B 702, Aravali Heights,
Sector 21-C, Faridabad 121001, Haryana. (Appendix ‘H’)

To consider award of the Ph.D. Degrees to the students
who have completed the requirements for the award of
the Ph.D. Degree in various disciplines w.e.f. 4t
October 2015 to till date.

The Senate considered the award of the Ph.D.
Degrees to the students who have completed the
requirements for the award of the Ph.D. Degrees in various
disciplines w.e.f. October 04, 2015 to till date and
approved. The list of the Ph.D. Degree is given in
Appendix ‘T’.

The meeting ended with a vote of thanks to the Chair.

A
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Appendix <A’
. Item No. Senate/ 63.5
INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

.NAME OF PROGRAMME: 'POLYMER AND PROCESS ENGINEERING

1. Subject Code:  PEN-302 Course Tiﬂé: Rubber Material and Chemistry

2. Contact Hours: L: 3 T: 1 P: 212

3 Examination Duration (Hrs.): Theory : 3 Practical : 0

4 Relative Weightage: CWS:20° PRS: 20 MTE:20 ETE:40 PRE: 0
5. Credits: 4 . 6. Semester: Both 7. Subject Area: PCC

8. Pre-requisite: Nil

9. Objective: To impart knowledge of structure, properties, processing and applications of
elastomers and rubbers.

10. Details of the Course:

S.No. Contents Contact

Hours
1. | Introduction: Definition of elastomers; Effect of molecular weight 6
and glass transition temperature (Tg); Interpreting the properties of
elastomers.
2 Essential Properties of Specific Elastomers: Properties of 8

natural rubber, styrene butadiene rubber, nitrile rubber, ethylene-
propylene rubbers, polychloroprene rubber, butyl rubber,
fluorocarbon rubber, polybutadiene rubber, polyurethane rubber,
chlorosulfonated polyethylene, polyurethanes, silicone rubber and
thermoplastic elastomers.

3 Rubber Compounding: Definiion of rubber compounding, 8
process and principles of compounding, basic compound formula,
function of different compounding ingredients: gum rubber, curing
agents, ZnO, stearic acid, fillers (black and non btack),
accelerators, antioxidants and anti-degradants, plasticizers and
miscellaneous.

4 Vulcanization of FElastomers: Principles and theory of 3
vulcanization; Definitions of different terms like scorch; Cure/ over
cure & study of curing; Different types of vulcanization systems,
sulfur and its role in vulcanization; Measurement of Mooney
viscosity and state of cure for rubber compound.

5. | Mastication and Mixing of Rubber: Definition, objective of mixing 3
and mastication, mixing equipments, different mixing process.
6. | Engineering Aspects of Rubber Product Manufacturing: 9

Applications of rubber in tyre technology, conveyer belt technology,
sealing ring technology and hose technology,
rubber Latex products, rubber foptware.

TaET Total 42

)
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List of Practicals:

Nookon =

Identification of different rubbers by chemical and spectroscopy methods

Processing of rubber in a two roll mill.

Processing of rubber with carbon black filler.
Processing of rubber with non black loading type filler.
Compounding of rubber with ingredients.
Vulcanization of rubber. _

Mechanical properties of vulcanized rubber.

11. Suggested Books:

S.No. Name of Authors /Books/Publishers Year of
Publication

1. Johnson P., “Rubber Processing: An Introduction”, 2001
Hanser-Gardner.

2. Mark J.E., Erman B. and Eirich F.R., “Science and 2003

' Technology of Rubber”, Elsevier.

3. Morton M., “Rubber Technology”, Van Norsirand- 1987
Reinhold.

4. Bhowmick A.K. and Stephens H.L., “Handbook of 2000
elastomers”, CRC Press, 2" Edition

5. Andrew Ciesielski, “An Introduction to Rubber 1999
Technology”, Rapra Technology Limited, UK

6. Biow C.M., “Rubber Technology & . manufacture” 1982

Buttenvorths, London

-17 -
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPARTMENT: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-304 Course Title: Process System Analysis and Control
2. Contact Hours: L: 3 T: 1 P: 2/2

3. Examination Duration (Hrs.): Theory : 3 Practical : O

4. Relative Weightage: CWS: 20 PRS: 20 MTE: 20 ETE:40 PRE:0
5. Credits: 4 | 6. Semester: Both 7. Subject Area: PCC

8. Pre-requisite: Nil
9. Objective: To provide knowledge about process control systems and its analysis.

10, Details of Course:

S.No. Contents Contact
Hours
1. Introduction: Overview of confrol system; Classification of 5

process control strategies; Process stability; Transient
regulation; Review of Lapiace transform methods.

2. | Control Systems: Response of first order, first-order system in 5
series and second order systems; Interacting and non-
interacting systems; Closed-loop transfer functions; Transient
response of control systems.

3. | Modes of Control Action: P, Pl, PD, PID and on-off 5
controllers; Feed-forward, feedback, cascade, selective- and
ratio control systems.

4, Stability Analysis: Routh Hurwitz stabiiity criterion; Root locus 5

technigue; Polar plots.
5. Frequency Response Analysis: Frequency response; Control 6

system design by frequency response; Bode plot; Gain and
phase margin.

6. | Controller Tuning: Controller tuning relations; Tuning relations 8
based on integral error criteria; Comparison of controller design
and tuning relations; Ziegler-Nichols and Cohen-Coon methods.

7. | Computer Based Control Systems: Introduction to advanced 8

control systems; Block diagram and architecture of pneumatic,

.18 - | &



electronic, microprocessor; Programmable and distributed
control systems; PLC and DCS based systems and their
advantages and limitations; Performance analysis of PLC, MP’s
and DCS based systems.

Total 42

List of Practicals:

1.

o~ o, -+

w

Study of Transient response to single tank system with storage and flow to (a) step
change (b) impulse change in put.

. Study of characteristics and transient response of non-interacting tanks in series

using (i} Step Input and (ii) Impuise Input

. Study of characteristics and transient response of interacting tanks in series using (i)

Step Input and (i) Impulse Input

. Study of the performance of RTD/Hg thermometer, analyze the variation of resistance

with temperature, and verify the first order response.

. To study the control actions: ON/OFF, P, Pl and PID on a temperature controt trainer.
. To study the control actions: ON/OFF, P, P! and PID on a Level control trainer.

. To study the controf actions: ON/OFF, P, Pland PIDon a Flow control trainer.

. To study controlling actions of Response (if) ON/OFF controller (i) P-controller (iv) P!

controlier and to determine open loop response.

. To study the control valve characteristics (i) Valve Flow co-efficient (i) Installed

characteristics.

11. Suggested Books: -

S.No. Name of Books / Authors / Publisher Year of
Publication /
Reprint
1. Bequette B.W., “Process Control — Modeling, Design and 2003
Simulation”, Prentice Hal! of India.
2. Coughanour D.R., 2" Ed., “Process System Analysis and 1991

Control”, McGraw Hill.

3. Seborg D.E., Edgar T.F. and Mellichamp D.A., "Process 2008
Dynamics Control”, 2nd Ed., John Wiley & Sons.

4. | Stephanopoulos G., “Chemical Process Control- An Introduction | 2008

to Theory and Practice”, Prentice Hall of India.
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NAME OF DEPTT/CENTRE:
1. Subject Code: PEN-312

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

Polymers :
2. Contact Hours: L:3 T 1 P: 0
3. Examination Duration (Hrs.): Theory: 3 | Practical: 0
4. Relative Weightage: CWS:25°- PRS:0  MTE: 25 ETE: 50
5. Credits: 3 6. Semester: Both 7. Subject Area: PEC

8. Pre-requisite:.  Nil

POLYMER AND PROCESS ENGINEERING

Course Title: High Performance and Specialty

PRE: 0

9. Objective: To impart knowledge of structure, properties, processing and manufacturing

of the polymeric materials.

10. Details of Course:

S.No.

Contents

Contact
Hours

1

Engineering Polymers: Polymerization and industrial processing;
Unit operations,s catalysts, flow chart of industrial production,
structure, properties and applications of engineering polymers —
polyolefins, vinyl and stryrene based polymers: poly {vinyl chioride),
polystyrene, styrene co-polymers, ABS, SAN, polyisobutylene,
poly(1-Butylene), polyacrylics; Polyethylene, polypropylene,

8

Macromolecular Structure of High Performance Polymers: Semi
rigid, quasi-rigid and rigid rod macromolecules; Macromolecular
chain rigidity and rotational hindrance; Effect of chain rigidity on
thermal and mechanical properties of high performance polymers.

High Performance Thermoplastics: Structure, . properties,
engineering and high-tech applications of following high performance
polymers: polyamides, polyesters, polycarbonate, polyethers, poly-
ether-ether-ketone,  polyphenylene  sulphide,  polysulphones,
polyphenylene-oxides. ' ' '

Thermally Stable Polymers: Structure, properties, engineering and
high-tech  applications of  high  performance  polymers,
polyesterimides, polyetherimides, polybismelimides, polyamide,
polyimide, poly-amide-imide. :

High Performance Matrix Resins for Composites: Molecular
structure, physical, thermal, mechanical properties of thermosetting
and thermoplastic polymers forming matrix resins for composites,
applications of high tech composites.

High Performance Polymers for Engineering Applications: High
performance polymers for ag%i'cations: automobile, aerospace,
transportation and other enginéefiiigand high tech applications.

Total

42

i



11. Suggested Books:

S.No. Name of Authors / Books / Publisher Year of
Publication
1. Brydson J. A., “Plastic Materials”, Newnes Butterworth 1989
2. Campbell .M. | “Introduction to Synthetic Polymers”, Oxford 2000
University Press
3. Erhstein G., “Polymeric Materials”, Hanser Gardner. 2001
4. Fin J. K., “High performance polymers”, Elsevier, 2™ Edition. - 2014

f
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INDIAN INSTITUTE OF TECHNOLOGY. ROORKEE

NAME OF DEPT./JCENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-314 Course Title: Biomedical Polymers
2. Contact Hours: L: 3 T: 1 P: 0
3. Examination Duration (Hrs.): Theory: 3 Practical: 0

4. Relative Weightage: CWS: 25 PRS:0 MTE:25 ETE:50 PRE: 0
5. Credits: 4 8. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: NIL

9. Objective: To impart knowledge about biopolymers and their applications,
engineering and processing.

10. Details of Course:

S.No. CONTENTS Contact

Hours
1. | Introduction:  Definition, examples, applications  and 5

classification of biopolymers based on different sources; General
characteristics of biopolymers, advantages and disadvantages of
biopolymers.

2. | Synthesis and Characterization of Bio-polymers: Structure 8
and properties of proteins, polysaccharides, DNA, RNA,
glycoproteins, proteoglycans, glycosaminoglycans.

3. Biodegradation of Biopolymers: Mechanism of biodegradation; 4
Biodegradation kinetics.

4. | Engineering of Biopolymers: Principles of engineering the 8
properties of biopolymer molecules; Chemical modification;
Biopolymer based composites and blends.

5. Biopolymer Processing: Process technology for the production 8
of biopolymeric nanoparticles, nanofibers, nanofilms, microfilms,
3D architecture of any shape.

6. | Application of Biopolymers: Application of biopolymers in 9
tissue engineering, medical surgery, drug delivery, wound
healing, packaging, automobile industry, electronics industry,
household items etc.

TOTAL 42

A
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11. Suggested Books:

S. No. Name of Books / Authors /Publisher Year of
Publication /
, _ Reprint
1. Dumitriu S., “Polymeric Biomaterials”, Marcel Dekker. 2002
2. Hyon S. H., “Polymeric Biomaterials”, Plennum Press. 1984
3. Mark H. F., (Ed.) “Encyclopaedia of Polymer Science and 1989
Engineering”, John Wiley & Sons.
4. Shuiz S. and Bhirmer K., “Pﬁnciples of Protein Structure”, 2003
Academic Press.
5. Guilak F., Butler D.L., Goldstein S.A. and S.A. Mooney, 2003
“Functional Tissue Engineering”, Springer-Verlag New York,
1% Edition.
6. Migonney V., “Biomaterials”, Wiley-ISTE, 1% Edition. 2014
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-316 Course Title: Functional Polymers
2. Contact Hours:  L: 3 T: 1 P:0
3. Examination Duration (Hrs.): Theory :3 Practical : 0

4. Relative Weightage: CWS: 25 PRS:0 MTE: 25 ETE : 50 PRE: 0

5. Credits: 4 6. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: Nil

9. Objective: To provide knowledge of synthesis, device fabrication and application of
smart materials

10. Details of Course:

S.No. Contents Contact

Hours

1. Introduction: General introduction to functional polymers: 5
Conducting, electronic, bio-polymers, energy storage polymers

2. Different kind of Functional Polymers: Synthesis and 7
characterization of different functional polymers viz. block
copolymers, self-assembled polymers, dendrimers,
hyperbranched polymers, organo gels.

3. Polymers for Energy Storage: Structure, properties of polymers 7

used in energy storage; Principal of energy storage,
supercapacitors and fuel cell; Mechanism of ion conduction and
diffusion in polymers.

4, Lithium Polymer Electrolytes: Metal-polymer interaction, solid- 8
solid interfacing; Types of polymer electiolytes (gel, glass,
ceramic and polymer compaosite), properties, electrochemical
stability; Electrochemical characterization by cyclic voltammetery
and electrochemical impedance spectroscopy; Li-ion-batteries.

5. Polymers for Solar Cell: Principal and design of solar PV cells; 8
Application of polymer electrolyte in dye sensitized solar cell;
Nano-composite ~ polymer  electrolytes;  Synthesis  and
characterization of dye sensitized polymer electrolyte.

6. Functional Poiymers in Food and Environmental 7
| Engineering: Functional polymers in food processing and
pollution control; Interaction of synthetic polymers with bio-
molecules during food processing; Engineered materials as food
preservatives.

Total 42

24 -
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11. Suggested Books:

S.No. Name of Authors/ Books/ Publisher Year of
‘ publication
1. Brydson J.A., “Plastic Materials”, Butterworth-Heinemann 1999
2. | Theato P. and Klok, H.A., “Functional Polymers by Post- 2013
Polymerization Modification: Concept’, Wiley-VCH
3. | Cirillo G., Spizzirri, U.G. and lemma, F., “Functional Polymers in 2014
Food Science: From Technology to Biology”, Volume 1 -
4. Bergbreiter D.E. and Martin, R., “Functional Polymers”, Springer 1989
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE
NAME OF PROGRAMME: POLYMER AND PROCESS ENGINEERING
1. Subject Code: | PEN-411 Course Title: Rubber Processing and Applications

2. ContactHours: L: 3 B P: 0

3. Examination Duration (Hrs.): Theory : 3 Practical : 0

4. Relative Weightage: CWS: 25 PRS: 0 MTE:25 ETE: 50 PRE: 0
5. Credits: 4 6. Semester: Both 7. Subject Area: PEC

8. Pre-requisite: Nil

9. Objective: To impart knowiedge of processing and applications of different rubbers.

10. Details of the Course:

S.No. Contents Contact
Hours
1. Introduction: Machinery used for rubber mixing- two roll 5

mills, internal mixers and continuous mixers; Master batch
preparation, blending and mixing on mills, intermnal mixers
and continuous mixers; Calendaring technology; Fabric
coating using calendar and spreading machine.

2 Rubber Compounding: Principies of rubber compounding; 8
Compounding to meet processing and vulcanisate
properties; Reinforcement of elastomers by fillers; Factors
influencing reinforcement and mechanism of reinforcement;
Compounding and manufacture of cycle tyres and tubes,
solid tyres, mechanical seals, sports goods, surgical
products and misceflaneous moulded, extruded and
calendered rubber products.

3 Rubber Moulding: Compression, transfer and injection 7
moulding of rubbers; Flashless moulding; Finishing of
moulded articles; Calculation of mould shrinkage; Molding
defects and its remedies; Machinery used for extrusion:
Ram and screw extruders, crosshead extruders and
strainers; Vulcanization methods other than moulding;
Batch curing and continuous curing method; Open steam
autoclaves, hot air, fluidized bed, LCM, molten salt bath
and high energy radiation curing.

4 | Tyre Technology: Different types of tyres; bias belted, 9
radial, tubed and tubeless tyres: their basic features and
performance comparison; Different components of a tyre,
its geometry and functions; Manufacturing techniques of
tyres for various vehicles like 2- and 4-wheeler, OTR farm
and air craft; Method of building bias belted, radial and
tubeless tyres, green tyre treatments; Tyre curing methods,
post cure inflation, quality controB@sts.

5. | Engineering Aspects of Rubber Product other than 9
Tyre: Manufacturing techniques of conveyer belt
| technology, sealing ring technology, V-belt, footwear




technology, hose technology, rubber coated roll, cable
technology, vibration isolation and mounts.

6. Recent Trends in Rubber Manufacturing Technology: 4
Some recent trends of rubber processing technology;
Electron beam curing of rubber products, Computer aided
rubber product design; Coated fabric technology.

Total 42
11. Suggested Books:
S.No. Name of Authors /Books/Publishers Year of
_ Publication

1. Bhowmick A.K., “Rubber Product Manufacturing 1994
Technology” CRC Press.

2. | Johnson- P., “Rubber Processing: An Introduction”, 2001
Hanser-Gardner. .

3. | Morton M., “Rubber Technoiogy”, Van Norstrand- 1987
Reinhaold.

4, Bhowmick A.K., “Current Topics in Elastomer 2008
Research” CRC Press.

5. | Ciesielski A., "An Introduction to Rubber Technology” 1999
Rapra Technology Limited, UK.

Blow C.M., “Rubber Technology & Manufacture’ 1982

Buttenwor‘fhs, London.

7
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NAME OF DEPTT./CENTRE:

1. Subject Code: PEN-412

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

2. Contact Hours: L: 3 T: 1 P: 0

3. Examination Duration (Hrs.): Theory: 3 _ Practical : 0

POLYMER AND PROCESS ENGINEERING

Course Title: Chemical Engineering Thermodynamics

4, Relative Weightage: CWS: 25 PRS:0 MTE:25 ETE: 50 PRE: 0

5. Credits: 4 6. Semester: Both 7. Subject Area: PEC

8. Pre-requisite: Nil

9. Objective: To impart knowledge on the concepts and application of thermodynamics to

various chemical engineering systems and processes.

10. Details of Course:

S.No.

Contents

Contact
Hours

1

Introduction: Laws of thermodynamics; Closed system and open
system: Internal energy, enthalpy, entropy and free energy, PVT
behavior of fluids; Gibb's phase rule.

4

Thermodynamic Properties of Fluids: Virial and cubic equations
of state; Theorem of corresponding states; Generalized correlations
for gases and liquids; Property relations for homogeneous phases;
Concept of residual properties; Property relations for two-phase
systems; Thermodynamic diagrams.

Phase Equilibria: Nature of equilibrium; Phase rule; Duhem’s
theorem; Qualitative behavior of vapour liquid equilibria (VLE); VLE
by modified Raoult's law; osmotic pressure.

Solution Thermodynamics: Chemical potential and phase
equilibriums; Ideal-gas mixtures; Partial properties; Fugacity
coefficients; Ideal solution, excess properties and activity
coefficients: Margules, Redlich-Kister, NRTL, UNIQUAC and
UNIFAC models for excess Gibbs free energy; Property changes in
mixing and heat effects; VLE for miscible, partially miscible and
immiscible systems.

Chemical-Reaction Equilibriums: Application of equilibrium
criteria to chemical reactions; Standard Gibbs-energy change and
the equilibrium constant; Evaluation of equilibrium constants;
Equilibrium conversions for single reactions; Heterogeneous
reactions; Adiabatic reaction temperature.

introduction to Molecular Thermodynamics: Molecular theory of
fluids; Second virial coefficients from potential functions; Molecular
basis for mixture behavior; Monte-Carlo simulation of interacting
particles; Isobaric-isothermal ensemble, grand canonical ensemble.

- 28 - Total

42

7




11. Suggested Books:

S.No. Name of Books / Authors Year of
_ Publication
1 Kyle B.G., “Chemical and Process Thermodynamics”, 39 Ed, 2008

Prentice Hall of India.

2 Rao Y.V.C., “Chemical Engineering Thermodynamics”, Universities 2011
Press. :

3 Sandler S.1., “Chemical, Biochemical, and Engineering 2008
Thermodynamics”, 4" Ed., John Wiley.

4 Smith J. M., Van Ness H.C. and Abbott M.M., “Introduction to 2008
Chemical Engineering Thermodynamics’, 8" Ed., Tata MeGraw Hill. :

f

e — il
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE
NAME OF DEPT./CENTRE: POLYMER AND PROCESS ENGINEERING
1. Subject Code: PEN-413 Course Title: Paint Technology
2. Contact Hours: L: 3 T: 1 VF': 0
3. Examination Duration (Hrs.): Theory : 3 Practical: 0
4. Relative Weightage: CWS:25 PRS:0 MTE: 25 ETE : 50 PRE: 0
5. Credits: 4 | 6. Semester: Both 7. Subject Area: PEC
8, Pre-requisite:  Nil | ”

9. Objective: To impart knowledge about paint, paint formulation and paint
manufacture.

10. Details of Course:

S.No. CONTENTS _ Contact
Hours
1. | Introduction: Definition and properties; Importance of paints; 5

Classification of paints; Varnishes, primer, emulsion paint,
lacquers and powder coatings, inks; Industrial paints: automobile,
marine, luminous, antifouling and cement paints.

2. | Basic Paint ingredients: Binder classification, properties and 6
sources; Synthetic and natural resins, acrylics, vinyl acrylics,
polyurethane, polyester, melamine resins, epoxy, oils;
Classification of binder based on drying and curing mechanism;
Pigments, Classification and their properties; Solvent, types and
properties; Fillers; Paint additives.

3. | Formulation and Manufacturing of Paints: Principles of paint 6
formulation; Phenomenon of wetting, grinding and dispersion;
Steps in paint manufacturing; Problems in paint manufacturing
and their solutions; Paint preservation methodologies.

4. | Equipment used in Paint Manufacturing: Principle, design and 7
operations of paint manufacturing equipments, Ball mills, pebble
mills, heavy duty mixtures, double blade mixture, high speed disk
disperser.

5. | Paint Applications, Drying, and Curing: Pretreatment and 6
surface preparation; Application methods; Acceleration of drying
and curing: Drying and curing processes; Factors affecting
choice of methods.

6. Common Paint Defects, Causes and Prevention: Defects, 4
peeling, clouding, dirt inclusions, sanding marks, runs, pinholes
in topcoats and substrates, solvent pop, blistering, edge
mapping, water spotting; Causes of defects and methods of
prevention.

7. Paint Testing: Important paint properties; Scrape adhesion test; 5
Pull-off test; Cross cut test; We@@e-cut method for determination
of film thickness (scribe and drili method); Determination of
scratch resistance by constant-loading -and ‘variable ‘method;
Evaluation of degradation of coatings.

A

[




8. Safety Measures: Pollution from solvent, pigment and binders; 3
Safety measures in paint industry and pollution control.
TOTAL 42
11. Suggested Books:
S.No. Name of Books / Authors /Publisher Year of
Publication/
Reprint
1. Morgans W. M., “Outlines of Paint Technology”, 39 Ed., 1990
.CBS Publishers. )
2. Bentley J. and Turner G. P. A, “Introduction to Paint 1997
Chemistry and Principles of Paint Technology”, 4" Ed., CRC
Press.
3. Toda K., Abraham S. and Kozo S., *Automotive Painting 2013
Technology”, 1% Ed., Springer.
4. Koleske J. V., “Paint and Coating Testing Manual’, 15" Ed., 2012
ASTM International. _
5. Kiebstoffe I.. “Adhesives Technology Compendium”, 1% Ed., 2013

Springer.

G
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT.JCENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code:PEN- 414 Course Title: Numerical Methods
2. Contact Hours: L: 3 T 1 | P:.0
3. Examination Duration (Hrs.): Theory : 3 Practical : 0

4. Relative Weightage: @ CWS: 25 PRS:0 MTE:25 PRE:0 ETE : 50
5. Credits: 4 6. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: Nil

9. Objective: To provide knowledge of numerical tools to solve problems related to
polymer science and process engineering.

10. Details of Course:

S. No. Contents Contact
: Hours
1. Introduction: Linear algebraic equations; Cramer's rule; Gauss 05

elimination method; Gauss-Jordan elimination; LU decomposition
method; Jacobi, and Gauss-Siedel iterative and Relaxation methods;
Eigen values and Eigen vectors of matrices.

2. Solution of Non-linear Algebraic Equations: Fixed point method, 05
Secant and modified Secant method; Regula-falsi method; Bisection
method; Single and multivariable Newton-Raphson and Applications to
computationally solving non-linear equations from problems of
polymeric systems, heat transfer. :

3. Function Evaluation: Least squares curve-fit procedure; Newton, 05
Lagrange and Hermite Interpolation formulae; Newton's divided
difference interpolation polynomial; Inverse interpolation; Cubic Spline
and Piecewise interpolation; Applications to solving problems in heat
and mass transfer, thermodyanamics and reaction engg.

4, Numerical Integration and Differentiation: Newton's Cotes 05
Formulae; Trapezoidal, Simpson’s rules- one third, the composite, and
three-eighth  rule; Numerical integration of functions-Romberg
integration;  Gauss-Legendre, and Integral equations; Adaptive
Quadrature; Numerical differentiation; Richardson extrapolation;
Accuracy of differentiation formulae; Application to various chemical
engg. problems pertaining to- _ﬂg% Qarticle mechanics, Heat and Mass

transfer, Environmental engg.



| Muller- Runge—Kutta Methods; Explicit and implicit Adams-Bashforth

Ordinary Differential Equations — Initial Value Problems (ODE-
IVPs): Introduction to ODE-IVPs; Picard-, Euler- and Milne’s method;

and Adam-Moulton methods; Multiple-step integration error methods;
Step-Size control and Estimates of Error; Algorithm stability; ODE-IVPs

with Coupled Algebraic Equations; Application examples from |-

polymeric systems, heat and mass transfer:

07

Ordinary Differential Equations — Boundary Value Problems (ODE-
BVPs): Introduction to ODE-BVPs; Finite Difference technique;
Overview of Rayleigh-Ritz, Collocation and ~Galerkin methods;
Orthogonal Collocation (OC); Orthogonal Collocation on Finite
Elements (OCFE); Galerkin Finite Element (GFE) technique; Shooting
techniques; Examples of computationally solving problems in polymeric
systems, heat and mass transfer;

07

Partial Differential Equations (PDEs): Finite Difference technique;
Method of weighted residuals and variational methods; Orthogonal
collocation {OC) and double orthogonal collocation (DOC); Orthogonal
collocation on finite elements (OCFE); Application examples, unsteady-
state reaction-diffusion problem in spherical porous catalyst particle,
steady-state fiow problem of reacting fluid in tubular reactor, steady-
state heat conduction problem in two or more directions.

08

Total

42

11. Suggested Books:

S.No.

Name of Books / Authors Year of

Publication

1

Chapra S. and Canale R., “Numerical Methods for Engineers”, 5" 2007

Ed., McGraw Hill.

2

Gerald C. F. and Patrick O. Wheatley, “Applied Numerical 1998

Analysis” 5" Ed., Addition-Wesley.

Gupta S. K., “Numerical Methods for Engineers”, New Age intl. 2005

Publishers.

Rao K. S., “Numerical Method.é for Scientists and Engineers”, PHI 2007

Learning Pvt. Ltd.

Ghosh P., “Numerical Methods with Computer Programs in C++7, 2006

PHI Learning Pvt. Lid.

Grewal B.S. and Grewal J.S., “Numerical Methods in Engineering 2011'

and Science with programs in C & C++', 9" Ed., Khanna

Publishers, Delhi
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NAME OF DEPTT./CENTRE!:

1. Subject code: PEN-415

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

. Contact hours: L3 T:1 P:0

. Examination duration (Hrs.): Theory: 3 Practical: 0

. Relative weightage: CWS:25 PRS:0  MTE: 25 ETE: 50

. Pre-requisite: Nil

2

3

4

5. Credit: 4 6. Semester: Both 7. Subiject area: PEC
. : ,

9

..Objective: To impart knowledge of tissue engineering and biomaterials.

10. Detaiis of course:

POLYMER AND PROCESS ENGINEERING

Course title: Polymer and Tissue Technology

PRE: 0

S.No.

Contents

Contact
Hours

1

Introduction: Definition, principles and practices of tissue
engineering; Tissue engineering triad;

2

2

| Cells, Scaffolds and Growth Factors: Structure of cell; Cellular

functions: Cell culture techniques; Different types of cells and
their applications; Types and properties of scaffolds; Scaffold

modifications: Growth factors; pH, temperature, chemical, |

electrochemical and mechanical stimuli; In-vitro and in-vivo
environmental stimuli.

7

Polymers and Biomaterials for Tissue Engineering: Definition
and classification of biomaterials and polymers; Natural and
synthetic polymer system; Smart polymers; Polymer blends and
composites; Bioceramics; Metal based scaffold-materials;
Nanomaterials: Physical, mechanical, and chemical properties of
biomaterials; Biocompatibility and biodegradation; Tailoring of
polymers and biomaterial properties.

Scaffold Fabrication Techniques: Solvent casting;, Porogen
leaching; Gas foaming; Self assembly; Electrospinning; Phase-

separation; Rapid prototyping/hybrid printer; Fiber mesh and fiber

bonding; Melt molding; Freeze drying, Decellulerization;
Controlling pore size and porosity of the scaffold.

Scaffold Characterisation and Ceil Behaviour on Scaffold:
Determination of porosity, pore size, hydrophiiicity, mechanical
strength, roughness, toxicity, biocompatibility and biodegradability
of the scaffold: Determination of shape, size, growth, proliferation
and differentiation of cells.

Bioreactors for Tissue Engind@ring: Ideal bioreactor and its
major characteristics; Fabrication of bioreactor; Scale-up
possibilities for tissue engineered constructs.




Regulatory and Clinical Issues: Pre-clinical evaluation of tissue 3

engineered constructs; Trends in food and drug administration;

Ethical issues; Dealing with ethical issues.

Future Advancements: Overcoming present drawbacks; 3

Dealing with ethical issues.

TOTAL| 42
11. Suggested Books:
S.No. Name of Books / Authors Year of
_ Publication
1. Lanza R.P., Langer R. and Vacanti J., “Principles of Tissue 2014
Engineering”, Academic Press, 4" Edition.
2. Guilak F., Butler D.L., Goldstein S.A. and Mooney S.A,, 2003
“Ftunctional Tissue Engineering”, Springer-Verlag, New York,
1% Ed. ‘
3. | Migonney V., “Biomaterials”, Wiley-ISTE, 1% Ed. 2014
4. Shi D., “Biomaterials and Tissue Engineering” Springer-Verlag, 2004
New York, 1° Ed. ,
5. Helsen J. A. and Missirlis Y., “Biomaterials”, Springer-Verlag, 2010

New York, 1% Ed.

fa
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NAME OF DEPTT./CENTRE:

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-416 Course Title: Process Optimization
2. Contact Hours: L: 3 T: 1 P:0
3. Examination Duration (Hrs.): Theory:3 Practical : 0
4. Relative Weightage: CWS:25 PRS:0  MTE: 25 ETE : 50 PRE: 0
5. Credifs: 4 6. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: Nii
" 9. Objective: To provide knowledge of optimization of Chemical Processes
10. Details of Course:
S.No. Contents Contact
_ _ Hours

1 Introduction to Process Optimization: Chemical processes 02
and need of optimization, examples of various application of
optimization.

2 Optimization using Search Techniques: Introduction, 08
developing models, objective function formulation, bisection,
golden-section, Fibonacci search, simplex, box-complex
methods, applications to polymer engineering

3 Optimization using Gradient Techniques: Steepest descent; 06
conjugate gradient, Newton’s method, TRUST algorithm

4 Mathematical Programming: Linear Programming, Sequential 08
quadratic programming, constraint programming, Branch and
Bound algorithms, Mixed integer linear programming,
Application to polymer engineering.

5 Multi-objective optimization and Meta-heuristic Algorithms: 08
introduction, D—c_onstraint method, Pareto Optimal Front,

Genetic Algorithm, Particle-swarm Algorithm, application to
polymer engineering

6 Application to Polymer Engineering: Case studies of 10
polymers: nylon, PMMA, PET, Poly Styrene, PE; Case studies
of monomer production: phthalic anhydride, maleic anhydride;

Case studies of polymer supply chain: PVC, PET, Crude oil
—36—
Total 42

A




11. Suggested Books:

S.No. Name of Books / Authors Year of
Publication

1. Edgar T.F., Himmelblau, D.M. and Lasdon L.S., "Optimization 2001
of Chemical Processes”, 2™ Ed., McGraw Hill, New York.

2 Beveridge G.S.G. and Schechter, R. S., “Optimization: Theory 1970
and Practice”, McGraw Hill, New York

3. Rao S. S., “Engineering Optimization: Theory and Practice”, 2005
New Age Intl. Publishers.

4. |Deb K., “Multi-objective optimization using evolutionary 2001
algorithms”, Wiley. '

5. Coello C. A., Veldhuizen D.AV. and Lamont G. B, 2007
“Evolutionary algorithms for solving multi-objective problems”,
Springer, New York

6. Rangaiah G.P., “Muiti-Objective Optimization Techniques and 2008

Applications in Chemical Engineering (Advances in Process

System Engineering”, Vol. 1, World Scientific, Singapore.

B
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

. Subject Code:PEN-421 Course Title: Electronic and Conducting
. Poiymers

2. Contact Hours: L: 3 T: 1 P:. 0

3. Examination Duration (Hrs.): Theory : 3 Practical : 0

4. Relative Weightage: CWS: 25 PRS: 0 MTE:25 ETE:50 PRE

%)

. Credits: 4 8. Semester: Both 7. Subject Area: PEC .

co

. Pre-requisite: Nil

Q0

10. Details of Course:

:0

. Objective: The course will impart knowledge of electronic and conducting polymers

S.No.
Particulars

Contact
Hours

1. Introduction: Conducting polymers, strUcturaIIy different
conducting polymers and their general applications.

3

2. | Conducting Polymers: Structure and preparation of conducting
polymers, polyacetylene, polydiacetylene, polyphenylene,
polypyrrole, polythiophene, polyaniline, poly(phenylene sulphide)
and poly(1,6-heptadiyne); Properties and  applications;
Mechanism of conduction.

g

3. | Photoconducting and Photoresist Polymers: Molecularly
designed synthesis and characterization of light sensitive and
photo conducting polymers and their applications; Positive and
negative polymer resists for lithographic process, semiconductor’
fabrication by LB films and spin coatings techniques

4. | Polymers for Optoelectronics: Synthesis of Guest-Host type
and side chain liquid crystalline polymers; LASER and its
mechanism; NLO chromophore-functionalized polymers; Light
sensitive polymers exhibiting second harmonic and third
harmonic generation; Poling of Guest- Host polymers; Optical
characterization and applications.

5. | Piezoelectric, Pyroelectric and Ferroelectric Polymers:
Synthesis, characterization and typical applications of these
polymers. -

6. Applications: Polymers in telecommunications, microelectronics,
insulations, submarine cable insulation, optical fiber cables.

Total

42

- 38 - 'Qj,__




11. Suggested Books:

S.No. Name of Authors /Books /Publishers Year of
Publication

1. | Goosey M.T. “Plastic for Electronics”, Eisevier, Applied Science 1985
Publishers

2. | Licari JJ. *Hand book for Polymer Coatings for Electronics 1985
Chemistry, Technology and Applications”, Noyes Publications

3. Mark H.F., “Encyclopedia of Polymer Science and 1889
Engineering,” John Wiley and Sons

4. | Nalwa H.S. and Miyata, S., “Nonlinear Optics of Organic 1997
Molecules and Polymers”, CRC Press, Inc.

5. Skotheim T.A. and Reynoids, J.R. “Conjugated Polymers; 2006

Processing and Applications”, CRC Press

B
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-422  Course Title: Polymers Recycling and Environment
2. Contact Hours: L: 3 T: 1 P: 0

3. Examination Duration (Hrs.): Theory : 3 Practical : 0

4. Relative Weightage: CWS : 25 PRS: 0 MTE:25 ETE:50 PRE: 0

5. Credits: 4 6. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: Nil

9. Objective : To impart knowledge of adverse effects of polymers on the environment
' and recycling of waste polymers.

10. Details of Course:

S.No. " Contents Contact
' Hours
1. Introduction to Polymer Recycling: Disposed plastics, pollution, 4
environmental issues related to plastic industry, plastic waste
recycle.
2. | Plastic Waste: Sources of plastic waste: municipal, industrial, 7

agricultural and medical; Plastic waste accumulation; Separation
and segregation of plastics waste: Polyethylene, polypropylene,
_polyvinylchloride, polystyrene, polyester, polyurethane, thermosets
and thermoplastics.

3. | Environmental Effects on Waste Polymers: Stability and 6
degradation of polymers in environment, Photo and bio
degradation of plastics waste, effect of plastic degradation on
environment; Weather parameters influencing lifetime of waste
plastics; Polymer waste in sea and marine environment, and on
hills and mountains.

4. | Polymer Degradation Mechanism: Solid phase degradation of 5
polymers through catalytic, UV, oxidative, hydrolytic, thermai and
pyrolytic processes; Polymer degradation in solution; Mechanism
and kinetics of polymer degradation.

5. | Waste Plastics Recycling: Collection of plastics waste for 7
recycling; Reuse of plastics; Processes for recycling of
thermoplastics and thermosets; Recycling of plastic waste based
on an individual plastic; Recycling of mixed thermoplastics and
thermosets; Recycling of mixtures of both thermoplastics and
thermosets.

6. Thermal Treatment of Plastics Waste: Methods and processes; 8
‘Thermal degradation, incineration and energy recovery from waste
| plastics: Polyethylene, polypropytene, polyvinylchioride,
polystyrene, polyester; Energy requirements for plastic waste
destruction. _ 40 -

7. | Sustainability:. Life cycle of plastics; Sustainability, economy, 5
legislation and regulations for waste polymers, future of plastics.

Total 42




11. Suggesied Books:

S.No. Name of Authors /Books /Publishers Year of

. _ Publication

1. Andrady A.L., ‘“Plastics and The Environment’, Wiy 2003
interscience. _

2. Bisio A.L. and Xanthos M., (Eds.), "How to Manage Plastics 1994
Waste: Technology and Market Opportunities”, Carl Hanser
Verlag. . ' ‘

3. Brandrup J. “Recycling and Recovery of Plastics”, Hanser 1996
Gardner. ' , '

4. | Scheirs J. “Polymer Recycling, Science, Technology and 1998

Applications”, John Wiley & Sons.

&
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-423 Course Title: Membrane Technology
2. Contact Hours:  L: 3 T: 1 P: 0
3. Examination Duration (Hrs.): Theory: 3 - Practical : 0

4. Relative Weightage: CWS : 25 PRS:0 MTE:25 ETE : 50 PRE: O
5. Credits: 4 6. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: Nil

9. Objective: To provide knowledge about polymeric membranes and its application in
separation processes.

: 10'. Details of Course:

S.No. | Contents Contact
Hours
1. Introduction: Separation concepts: diffusion across a membrane, 2

terminologies in membrane separation processes, driving forces,
type of membranes.

2. | Transport Mechanism through Membrane: Conceniration and 4
process gradients, solution-diffusion model, concentration
polarization, gel layer concentration.

3. | Membrane Materials: Polyethylene, polytetrafiuroethylene, 6
polypropylene, cellulose acetate, cellulose nitrite, polyacrylonitrile,
polyimide, polyamide, polysulfone, polyethersulfone, block
copolymeric materials; Bi-polar membrane materials; Inorganic
membranes.

4. Polymeric Membrane Preparation, Testing and Applications: 6
Sintering, stretching, track-etching, template leaching, phase
inversion techniques (diffusion-induced phase separation &
thermally-induced phase separation), phase inversion. membrane
and interfacial polymerization; Membrane testing and morphology;
Applications, haemodialysis, beverage, food industry, water
treatment and fuel cell. '

5. Microfiltration and Ultrafiltration: Membrane properties, 5
concentration polarization and fouling, fouling during protein
separation, cross-flow and dead-end microfiltration/ultrafiltration,
micellar enhanced ultrafiltration, selected application and
£CoNnoMmics.

6. | Nanofiltration and Reverse Osmosis: Membrane properties, 6
osmotic pressure model, membrane fouling, design consideration,
pretreatment, applications in. gigsalination and wastewater

treatment, economic consideration.



7. Pervaporation: Membrane properties, process diagram, 4
mechanism, selectivity and flux, model consideration, application
(alcohol concentration, VOC and other poilutant separation).
8. Membrane Reactor: Membrane separation with chemical 5
reaction; Membrane bioreactor, catalytic membranes, equilibrium
limited reaction, membrane reactor for hazardous poilutant
degradation, functionalized membrane.
9. Membrane Application for Water/Wastewater Treatment and 4
System Design: Hydride processes and novel application,
selected environmental applications involving for water reuse and
material recovery, membrane flux, fouling and separation
optimization. .
Total 42
11. Suggested Books:
S.No. Name of Books / Authors Year of
Publication
1. Mulder M., “Basic Principles of Membrane Technology”, Kluwer 1996
Academic Publisher.
2. Baker R.W., “Membrane Technology & Application”, McGraw 2000
Hill.
3. |Zeman L. J. and Zydney A. L., “ Microfiltration and 1996
' Ultrafiltration: Principle & Application”, Marcel Dekker Inc.
4, Nath K., “Membrane Separation Processes”, Prentice Hall of - 2008
India.
5. Scott K., “Handbook of Industrial Membrane”, Elsevier. 1995
6. Schaefer A., “Nanofiltration, Principle & Application”, Elsevier. 2004
7. Drioli E. Criscuoli A. and Curcio, E., “Membrane Contactors: 2005

Fundamentals, Applications and Potentialities’, Elsevier.

B
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-424 Course Title: Polymer Degradation and Stability
2. ContactHours: L:3 T: 1 P: 0 |

3. Examination Duration (Hré.): Theory : 3 Pfactical ;0

4. Relative Weightage: CWS: 25 PRS:0 MTE:25 ETE : 50 PRE: 0

5. Credits: 4 6. Semester: Both - T Subjéct Area: PEC

8. Pre-requisite: NIL

9. Objective: To impart knowledge on various factors influencing stability and

degradation of polymers

10. Details of Course:
S.No. Contents Contact
_ Hours
1. | Introduction: Polymer degradation by various means. Healt, 4

oxygen, light/UV, ozone, chemical, mechanical and biological; Role
of chemical structure towards degradation; Advantages and
disadvantages of polymer degradation; Case studies from various
industries; Polymer stabilization.

Thermo-Oxidative Degradation: Mechanisms of thermal 6
degradation: Radical and non-radical de-polymerization, cyclization
with elimination; Mechanisms of oxidative and thermo-oxidative
degradation: Auto oxidation, oxidative chain reaction, chemical
changes in polymers during oxidative degradation; Effect of
chemical structure on oxidation rate. Degradation during
manufacturing and service; Degradation effects on product
performance with case studies.

Photo-degradation: Mechanism of photo-oxidative degradahon 6
and photo-degradation of important polymers: polyolefins, acrylates
and its copolymers, methyl vinyl ketone, polystyrene, polymers with
heteroatoms in main chain and condensation polymers.

Antioxidants and Stabilizers: Mechanism of antioxidant action; 6
Chain breaking antioxidants; Preventive antioxidants; Synergism
and antagonism; Chain breaking acceptor antioxidants; Metal
deactivators; UV screens and filters; Stabilization of polymers
during manufacture and in service, Melt stabilization; Thermal
oxidative stabilization; Polymer bound antioxidants; UV stabilizers.

Degradation in Special Environments: Polymers under stress; 6
Degradation in harsh environments: Nitrogen dioxide, sulfur
dioxide, ablation, mechanical- and ultrasonic degradation;
Quantitative aspects of ultraSQﬂE_degradaﬁon and changes in
molecular weight; Degradation’ by high energy radiation and

radiation protection; hydrolytic degradation.



Degradation of Polymeric Biomaterials: Introduction to
degradation of biomaterials; Controlling degradation rate and drug
release in biomaterials; Degradation through oxidation, hydroiysis,
enzymolysis, photolysis, stimuli-sensitive; Immune response fo
degradation.

Polymer Degradation Kinetics: Random chain scission, mid chain
scission, end chain scission; Kinetics based on mode of chain
scission; Kinetics of solid phase thermal degradation (pyrolysis):

| order of reaction, rate constant, effect of temperature, reactive gas,

radical donor, catalyst on rate constant, energy of activation;
Kinetics of solution degradation of polymer: rate constants, role of
radical donor, Lewis acid, catalyst on rate constant; Stoichiometric
carnal, molecular weight distribution, population balance of polymer
chains, integro-differential equation and it's analytical solution;

"Optimum temperature in degradation with initiator.

Biodegradable Polymers and Polymer Recycling:
Biodegradation of polymers in soil and water; Case studies of
biodegradable polymers; Recent trends in biodegradability.
Limitations to polymer recycling; Case studies: Polyolefins, PET,
PVC, PS, nylon, PU, polymer composites, tyres.

Total

42

11. Suggested Books:

S.No.

Name of Authors / Books / Publisher Year of

Publication

1.

Hamid S. H., “Handbook of Polymer Degradation”, 2™ Ed., 2000

CRC Press, Taylor and Francis Group

2.

Billingham N. C., “Degradation and Stabilization of Polymers”, 2013

Wiley Online Library

3.

Jellenick H.H.G., “Polymer Degradation and Stability”, 1% 1983

Edition, Elsevier Amsterdam, the Netherlands

Ranby. B. and Rabek. J. F., “Photo-degradation, Photo 1975

oxidation and photo-stabilisation of polymers”, Wiley and
Sons.

Denisov E. T. and Denisova. T. G., “Handbook of 2000

Antioxidants, Second edition, CRC Press, Taylor and Francis

Group
Lo

-L
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-425 Course Title: Polymer for Packaging Technology
2. Contact Hours:  L: 3 T: 1 P: 0
3. Examination Duration (Hrs.): Theory : 3 Practical : 0

4. Relative Weightage: CWS: 25 PRS: 0 MTE: 25 ETE : 50 PRE: 0

5. Credits: 4 8. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: Nil
g, Objective: To provide knowledge about polymers used in packaging industry.

10. Details of Course:

S.No. Conients Contact Hours

1. Introduction: Packaging technology raw materials, types of 2
' forms, products, applications and consumption pattern,
evatuation of films; Comparison of polymer packaging with paper,
metal and glass materials. '

2. | Packaging Materials and Properties: Major polymers used for 8
packaging applications, polyethylene, EVA, ionomers, HDPE,
LLDPE, PP, PVC, PVDC, PS, PVOH, EVOH, nylon, polyester,
polycarbonate,  fluoropolymers,  acrylonitrile  copolymers,
thermoplastic elastomer, cellophane and celiulose plastics, |-
polymer blends; Adhesives for packaging; Properties for
packaging: MVTR, OTR, mechanical, thermal, optical, chemical.

3. Packaging Converting Processes: Blown fim extrusion, Cast 8
film extrusion, films co-extrusion; Coating and lamination;
Manufacturing of flexible packaging; Thermoforming; Injection
molding; Blow moulding: extrusion and injection blow moulding;
Calendering; Foam manufacturing; Sealing methods.

4, Biohased Packaging: Edible and biobased food packaging 8
materials: Edible, polysaccharide, lipid and protein based
coating; First, second. and third biobased packaging materials;
Permeability of thermoplastic polymers; Multilayer films,
processing, degradation, deteriorative reaction in foods; Enzyme
reactions: Chemical reactions; Physical and biological change.

5. Food Packaging: Asceptic packaging of foods; Sterilization of 8
packaging materials; Packaging of ready-to-eat and
microwavable foods; Active and intelligent packaging; Modified
atmospheric packaging; Packaging of horticultural products, dairy
products, cereals, snack foods and confectionary, beverages;
Shelf life of foods and factors controlling shelf life; Safety and

legislative aspects of packaging: 46 -




6. Package Printing Technologies: Print production workflow, 8
typography, graphic design, artwork, prepress, printing, post
press/finishing;, Materials: Substrates, ink; Drying methods; Recent
trends; Printing methods, lithography, flexography, gravure.

: Total 42
11. Suggested Books:
S.No. Name of Authors/ Books/ Publisher Year of
Publication

1. {Susan E.M., Selke J., Culter D. and Ruben J. "Plastics 2004
Packaging: Properties, Processing,  Applications  and
Regulations”, Hanser.

2. Pringer O.G. and Baner A.L. “Plastic Packaging Materials for 2008
Food: Barrier Function, Mass Transport, Qual:ty Assurance and
Legislation”, John Wiley and Sons.

3. Sina E., “Plastic Films in Food Packaging: Materials, Technology 2012
and Applicaﬂons" Elsevier.

4. | Robertson G.L., "Food Packaging Principles and Practice”, 2006
Second Edition, CRC Press.

5. Nayak S.K., “Fundamental of Plastic Testing”, Springer. 2010

B, Kipphan H., “Handbook of Print Media”, Springer. 2004

7. | Johansson K Lundberg P. and Ruberg R., "A Guide to Graphic 2002
Print Product:on” Wiley. '

=
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-426 " Course Title: Adhesives and Sealants
2. Contact Hours: L: 3 T: 1 P: 0
3. Examination Duration (Hrs.): Theory : 3 Pracﬁcal: 0

4. Relative Weightage: CWS: 25 PRS: 0 MTE:25 ETE:50 PRE: 0
5. Credits: 4 | 6. Semester: Both 7. Subject Area: PEC

8. Pre-requisite: NIL

9. Objective: To provide knowledge of véridus polymeric adhesives and sealants.

10. Details of Course:

S.No. _ Contents Contact
' Hours
1. ! Introduction: Theory and mechanism of adhesion; Types of 5

polymeric adhesives, Advantages and disadvantages of
adhesive bonding over conventional joining techniques;
Industrial examples of adhesion and adhesive joints; Release
coatings; Adhesive coating equipments’.

2. | Performance Properties: Description of performance 5
properties of adhesives and their determination, peel strength,
shear strength, tack (green tack, etc), creep and visco-elastic
properties.

3. | Adhesive Types: Properties, formulation principle, production 8
techniques, additives and applications of the following
adhesives, pressure sensitive adhesives, structural adhesives,
one part and multi-part adhesives, hot-melt adhesives, natural |
rubber adhesives, butyl and polyisobutylene adhesives, vinyl-
ether adhesives, urea-formaldehyde adhesives, melamine-
formaldehyde and resorcinol based adhesives.

4. | Adhesive Characterization: Characterization of degree of 5
branching, crystallinity, side-chain substitution, cross-linking,
molecular weight, backing material; Identification of elastomer,
tackifier, plasticizer, antioxidant and filiers.

5. Additives and its Effects: Tackifiers, cross-linkers, 3
antioxidants, plasticizers, colorants, fillers and scents used fo
enhance mechanical perforrﬁaﬂ‘(,ae,'ageing characteristics, ease

of use and application performance.



Surface Preparation: Surface treatment procedures of
substrates to improve adhesive bonding; Mechanical
preparation, priming, corona treatment and chemical etching.

Specialty Adhesives: Anaerobic adhesives, bio-adhesives,
reactive adhesives and adhesives that get activated using
ight/UV and heat; Adhesives examples for various industries
viz. electronics, wood indusiry, healthcare, construction,
packaging, textiles, automotive, consumer, abrasives and
friction material shoes, electrical, paper and aerospace.

Introduction to Seatants: Introduction to sealants, caulks and
mastics; Advantages and disadvantages of sealant bonding

-over conventional joining techniques.

Sealant Performance, Characterization and Applications:
Sealant types, reactive sealants, sealants based on water or
solvent; Properties and formulation of sealants relevant to
different  application;  Curing process of sealants;
Characterization of sealants; Additives and its effects on sealant
performance; Performance testing; Surface preparation;
Specialty sealants; Production processes and equipments;
Sealant application in various industries; Major trends in
technology and markets.

Total

42

11. Suggested Books:

S.No.

Name of Books / Authors

Year of

* Publication

1.

Satas D., “Handbook of Pressure Sensitive Adhesive
Technology” 2™ Edition, Kamal Book International
Publications.

2014

“Handbook of Adhesive Technology’, Taylor and Francis
Group, 2™ Edition, LLC. :

2003

Benedek 1., “Pressure Sensitive Adhesive and Applications”,
Marcel Dekker Publications.

2004

Petrie E. M., “Handbook of Adhesives and Sealanis”, 2nd
edition, The McGraw-Hill Companies, Inc.

2007

Flick E. W., “Handbook of Adhesives Raw Material”, Noyel

1989

Publication.
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT/CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-427 Course Title: Applications of Nanotéchnology in
' Polymers

2. Contact Hours: L: 3 T: 1 P: 0

3. Examination Duration (Hrs.'): Theory : 3 Practical :0

4. Relative Weightage: CWS: 25 PRS: Q0 MTE: 25 ETE: 50 PRE: 0

5. Credits: 4 6. Semester: Both 7. Subject Area: PHC

8. Pre-requisite: NIL

9. Objective: To impart knowledge of nanotechnology applications in polymer industry.

10. Details of Course:

S. No. Contents Contact Hours
1. | Introduction: Advancement of nanocomposite, nanofillers;
Classification of nanofillers, nanoclay, nanosmca nanoparticles, 6
carbon based nanofillers; Synthesis and properties of fillers. '
2. | Synthesis of Nanocomposites: Direct mixing, solution mixing, 6

in-situ  polymerization, ex-situ processing; Ceramic/polymer
composites; Metal/polymer nanocomposites; Modification of
interfaces; Modification of nanofillers.

3. Mechanical Properties of Nanocomposites: Stress-strain 7
properties - tensile, modulus, elongation at break; Flexural
properties; Load-carrying capability; Toughness; Impact
resistance; Relaxation behavior; Wear resistance.

4. Thermal and Optical Properties of Nanocomposites: 8
Thermal stability and flammability; Dynamic mechanical thermal
properties; Glass transition; Electrical properties: Resistivity,
permittivity, breakdown strength; Optical properties: Refractive
index, transparency.

5. | Morphological Aspect of Nanocomposﬂes Characterization 7
of nanocomposites by XRD, TEM, AFM and FESEM.
6. | Barrier Properties of Polymer Nanocomposites: Permeation 5

and diffusion models relevant to polymer nanocomposites;
Diffusivity, sorption, permeability.

7. | Applications: Some examples of advanced applications of 3
polymer nanocomposites; Space, automobiles, defence and
modern life.
- 50 - Total 42

18




11. Suggested Books:

S.No. Name of Book / Authors Year of
Publication

1. | Maj YW. and Yu Z.Z., "Polymer Nanocomposites”, 2006
Woodhead Publishing Limited and CRC Press LLC,

USA.

2. | Ajayan P.M., Schadler, LS. and Braun, P.V, 2003
“Nanocomposite Science and Technology” Wiley-VCH '
Verlag GmbH Co. KGaA, Weinheim.

3. | Nicolais L. and Carotenuto G., “Metal-Polymer 2005
Nanocomposites™ Willy Inter Science ,

4. | Sergeev G.B., “Nanochemistry” Elsevier 2006

5. [ Ke Y.C. and Stroeve P., “Polymer-Layered Silicate and 2005

Silica Nanocomposites” Elsevier

=
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-428 Course Title: Polymers for Smart & Memristive
Materials

2. Contact Hours: 'L: 3 T: 1 P:0

3. Examination Duration {(Hrs.): | Theory : 3 Practical: 0

4. Relative Weightage: CWS: 25 PRS: 0 MTE: 25 ETE: 50 PRS: 0
5. Credits: 4 6. Semester: Both 7. Subject Area: PHC

8. Pre-requisite: Nil

9. Objective: To provide knowledge of SynthE‘:S[S device fabrication and application of
smart materials

10. Details of Course:

S.No. Contents Contact
_ Hours
1. Introduction: Definition of memristive and smart materials and 2

their classification; Class of polymers having said properties.

2. Memristive Materials: Electrical memory switching polymers; 6
Volatile memory and non-volatile memory: definition and
classification, |-V characteristics; Transistor, Reversibility and
memory sustaining capability.

3. Synthesis and Characterization of Smart and Memristive 8
Materials: Synthetic procedure for different polymers,
characterization, advantages and disadvantages; Device
fabrication techniques; Detailed characterization by AFM, SEM
“techniques.

4, Memristive Devices with Different Polymeric Materials: 8
Organic, inorganic, metal doped organic and organic-metallic
hybrid devices; Switching and carrier transport mechanism; Shape
memory polymers: Definition, classification and applications.

5. Smart Materials: Definition, classification, advantages and 8
disadvantages of electrochromic materials; Applications in e-
paper, smart glass window, display; Definition, classification and
applications of halochromic, pH sensitive, self-healing,
piezoelectric and photochromic materials.

—52 _
6. Device Fabrication Techniqiles and Characterization: 6
Memristive device: Sandwich and lateral device, advantages and

B




disadvantages; Electrochromic materials; Use of supporting
electrolyte in device fabrication and its importance, different types
of supporting electrolytes, detailed device fabrication for other
smart devices.

7. Real Life Applications: Applications in mémory chip, giass 4
window, dispiay system and others; Advantages and limitations of
such devices.

Total 42
11. Suggested Books:
Sl. No Name of Authors/ Books/ Publisher _Year of
publication

1. Tu C.-H., “Electrical Switching and Memory Behaviors in 2008
Organic-based Devices”, ProQuest.

2. Burghartz J.N., “Guide to State-of-the-art Electronic Devices”, 2013
John Wiley & Sons.

3. Dai L., “Intelligent Macromolecules for Smart Devices: From 2004
Materials Synthesis to Device Applications”, Springer. .

B
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code:PEN-429 Course Title: Polymers and Advanced
Technologies

2. Contact Hours: L: 3 T: 1 P: 0

3. Examination Duration (Hrs.): ~Theory : 3 Practical : 0

4. Relative Weightage: CWS: 25 PRS: 0 MTE: 25 ETE: 50 PRE: 0

5. Credits: 4 6. Semester: Both 7. Subject Area: PHC
8. Pre-requisite:  NIL
9. Objective: To provide knowledge of advanced polymer technologies.

10. Details of Course:

S.No. Contents

Contact
Hours

1. Introduction: Processing of thermosetting and thermoplastic high
performance products, 3D printing, polymers in defense and
aerospace applications, computer aided product design, polymers
in non-linear optics, light emitting polymers, photovoitaic
applications.

4

2. Advanced Thermoset Processing Technologies: Operating
principles, process controls and applications of resin transfer
molding, pultrusion, filament winding, prepeg layup and
compression moulding of thermosets; Processing of unsaturated
polymers, polyesters, epoxy resins, phenolics, polyurethanes,
polyimides and polyaramides; Reinforcements; Glass fiber, aramid
fibper, carbon fiber and nanoclay; Dimensional stability and
tolerance of thermoset products.

3. | Advanced Thermoplastic Processing Technologies: Operating
principles, process controls and applications of reactive injection
molding and reactive exirusion; Processing of thermoplastic
polymers; Ultra high molecular weight PE, teflon, PEEK and
polyimides; Fiber spinning of vectran, kevlar, polyimides and
polyaramides; Electospinning process; Nano-impregnation; 3D-
printing; Metal inserts.

4. | Polymers in Defense and Aerospace Applications: Criteria for
defense and space standard olymeric materials, composites
applications and challenges for light weight design of aircraft

7




structure. and defense vehicles, self healing of fibre reinforced
polymer composites, shape memory alloys integrated into
composites for improved damage tolerance and lightening strike
protection, carbon fibre based composites in aerospace and
defence applications, multifunctional composites with carbon
nanotubes and nanoclay for space applications,  polymers for
ballestic protection, fire retardant polymeric coatings, polymer
actuators. -

Computer Aided Polymer Design: Methodology, CAMD 8
approach, polymer property prediction models, GC+ Models,
Marrero/Gani group contribution method atom-connectivity index
method, CAMD algorithm for polymer design, computer-aided
polymer design using group contribution plus property models,
some case studies.

Polymers in Optical Applications: Nonlinear optical properties in 8
polymers; Design and fabrication of polymeric nonlinear optical
devices; Polymers for electro-optic modular waveguides; Light
emission from semiconducting polymer; Electrical and optical
properties of polymer for biomedical applications; Polymers for
photovoltaic applications.

Total 42
11. Suggested Books:
S.No. Name of Books / Authors Year of
. Publication
1. Chris R, “Polymer Extrusion”, 5th Edition, Hanser Publications, 2014
Hanser.
2. | Cheremisinoff N. P., “Advanced Polymer Processing’, 2™ 1998
Edition, Noyes Publications, _
3. Shonaike G O, Advani S G, “Advanced Polymeric Materials’, 2003
CRC Press
4. | Ajayan P. M., Schadler L. S., Braun P. V., *Nanocomposite 2003
Science and Technology” Wiley-VCH
5. | Wise D.L., Wnek G. E., Trantola, D. J., Copper T. M., Gresser J. 1998

D., “Electrical and Optical Polymer Systems”®, 1% Edition, Marcel

Dekker Inc.
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code:PEN-430 Course Title: Computational Fluid Dynamics of
Polymers .

2. Contact Hours: L: 3 T: 1 P: 0

3. Examination Duration (Hrs.): Theory : 3 Practical : 0

4. Relative Weightage: CWS : 25 PRS:0 MTE:25 ETE: 50 PRE: 0

5. Crediis: 4 6. Semester: Both 7. Subject Area: PEC

8. Pre-requisite: NIL

9. Objective: To provide knowledge of computational procedures for understanding

fluid (polymer) dynamic behavior

10. Details of Course:

S.No.

Contents

Contact
Hours

1.

Introduction: Conservation laws of fluid motion and boundary |

conditions; Conservation equations: mass, momentum and energy
equations; Convective forms of the equations and general description;
Governing equations of fluid flow and heat transfer; Overview of
numerical methods.

4

Turbulence and its Modeling: Transition from laminar to turbulent
flow: Effect of turbulence on time averaged Navier-Stokes equations;
Characteristics of simple turbulent flows, free turbulent flows, flat plate
boundary layer and pipe flow; Turbulence models; Mixing length
model; Reynolds stress equation models; Algebraic stress equation
models.

Grid Generation: Structured and unstructured grids; Choice of grid;
General transformation of equations; Some modern developments in
grid generation in solving the engineering problems related to polymer
industry.

Finite Volume Method for Diffusion Problems: Finite volume
methods; Different types of finite volume grids; Approximation of
surface and volume integrals; Interpolation methods; One, two- and
three-dimensional steady state diffusion problems; Discretised
equations for diffusion problems.

.y




Finite Volume Method for Convection-Diffusion Problems: Steady
one dimensional convection and diffusion; The central differencing
scheme; Properties of discretisation schemes-conservativeness,
boundedness, and transportiveness; Assessment of the central
differencing scheme for convection-diffusion problems.

Finite Volume Method for Unsteady-state Flows and
Implementation of Boundary Conditions: One-dimensional
unsteady state heat conduction; Discretisation of transient convection-
diffusion equation; Solution procedures for unsteady flow calculations;
Implementation of inlet, outlet and wall boundary conditions; Constant
pressure boundary condition; Applications to the engineering problems
for polymer industries.

Finite Difference Method: Discretization of ordinary and partial
differential equations; Approximation of first, second and mixed
derivatives; Implementation of boundary conditions; Discretization
errors; Applications to the engineering problems for polymer
industries. '

Finite Element Methods: Finite element methods; Rayleigh-Ritz,
‘Galerkin  and least square methods; Interpolation functions;
Applications to the polymer industry engineering problems.

Total

42

11. Suggested Books:

S.No.

Name of Books / Authors

Year of
Publication

1.

Versteeg H.K. and Malalasekera W., “An Introduction to
Computational Fluid Dynamics: The Finite Volume Method’,
Longman Scientific and Technical pubiishers.

2007

Anderson J.D., “Computational Fiuid Dynamics: The Basics with
Applications”, McGraw-Hill, New York.

1995

Fletcher C.A.J, “Computational Techniques for Fluid Dynamics,
Vol. 1: Fundamental and General Techniques”, Springer-Verlag.

1998

Fletcher C.A.J, “Computational Techniques for Fiuid Dynamics,
Vol. 2: Specific Techniques for Different Flow Categories’,

1998

Springer-Verlag.

- 57 -




INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

1. Subject Code: PEN-431 Course Title: Application of Polymer in Drug
Delivery

2. Contact Hours: L: 3 T 1 P: 0

3. Examination Duration (Hrs.): Theory : 3 - Practical : 0

4. Relative Weightage: CWS: 25 PRS: 0 MTE: 25 ETE: 50 = PRE: 0
5. Credits: 4 6. Semester: Both 7. Subject Area: PEC
8. Pre-requisite: Nil

9. Objective: To impart knowledge on various polymers used in drug delivery
applications

10. Details of Course:

S.No. Contents Contact
Hours |
1. Introduction: Polymers used in drug delivery, synthetic and natural 04

polymers: cellulose, poly-ethylene glycol, poly-n-vinyl pyrilidone,
PCL, PLA, PLGA, HMPA.

2. | Conventional Techniques of Drug Dehvery Compression, spray, 04
dip-coating and encapsulation, diffusion controlled systems, solvent
activated system, bio-degradable system.

3. | Responsive Polymers for Drug Delivery: Responsive systems 04
based on temperature,” pH and redox potential, polymer
therapeutics, polymer-drug conjugates, protein-polymer conjugates

4. Polyelectrolytes: Polyelectrolytes, characterization of | 06
polyelectrolytes application of polyelectrolyte complexes; Soluble |
drug carriers, polymeric micelles, liposomes, microgel, nanogel,
nanoparticles, dendrimers, examples

5. | Current Thrust in Drug Delivery: Endosomolytic polymers and 03
macromolecules, role of poly (ethylene glycol), peptide and protein
drugs, microencapsulation of polymeric drug e.g. RNA, protein; drug
—polymer interactions.

6. Polymeric Biomaterial and its Stability: Polymer stability W|th pH, 08
temperature, oxido-reductive, and phagocyte effect; Adsorption of
polymers from solution; Macromolecular adsorption over polymer
interface; Protein adsorption; Colloid stability, Control of protein
adsorption

7. Novel Drug Delivery Systems: Mucosal, transdermal drug delivery 08
system (TDDS), bio-degradable polymeric stent, parenteral
implants, ophthalmic insets, micro encapsulation, intrauterine
delivery system (IUDs); Targeted drug delivery systems.

- 58 - Total 42

g




11. Suggested Books:

S.No. Name of Authors / Books / Publisher Year of
Publication

1 Lachman L. and Lieberman H.A., “The Theory and Practice 2005
of Industrial Pharmacy”, CBS publishers, India.

2. Avis K. E. and Lieberman H.A., “Pharmaceutical dosage 1993
forms, Parenteral medications”, 2 nd ed,Vol 1,Il and lli,
Marcel Dekiker

3. | Tyle P., “Drug Delivery System”, 1 Ed, Marcel Decker 1988

4, Jain N: K., “Advances in controlled and novel drug delivery”, 2001
1stEd., CBS Publication

5. Robinson J.R. and Lee V.L.. “Controlled Drug DeI:very 2003
Fundamental and Applications”, Marcel Dekker, USA.

6. Radomsky M., Liu L. and lwamoto Z., “Sustained Release’ 2000

Injectable Products, Interpharm Englewood, Colorado.

B
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Appendix ‘B’
Item No. Senate/ 63.6

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPT./CENTRE: Computer Science and Engineering

1. Subject Code: CSN-524 Course Title: Algorithms and Foundations of
Chip Design

2. Contact Hours: L: 3 T: 0 P: 2

3. Examination Duration (Hrs.): Theory: 03 Practical: 0

4. Relative Weightage: CWS: 20 PRS: 20 MTE: 20 ETE: 40 PRE: 0

5, Credits: 4 6. Semester: Both 7. Subject Area: PEC

8. Pre-requisite: Knowledge of digital logic design, computer architecture and

microprocessors, design and analysis of algorithms

9. Objective: To introduce the concepts and techniques used in computer-aided-

design of VLSI chips, embedded system design, fault-tolerant
system design and in other emerging technoiogies, e.g.,
microfluidic chips, 3D ICs, quantum computers, etc.

10. Details of the Course:

Sl.No. Contents Contact
Hours

1. Introduction: VL3I design flow, challenges 3

2. Verilog/VHDL: introduction and use in synthesis, modeling combinational 5
and sequential logic, writing test benches

3. Logic synthesis: two-level and multi-level logic optimization of 4
combinational circuits, state assignment of finite state machines

4. Basic concepts of high-level synthesis: architectural models, 5
scheduling, allocation and binding

5. Physical design automation algorithms: partitioning, floorplanning, 8
placement and routing. layout compaction, design rule check, power and
delay estimation, clock and power routing, etc., special considerations for
analog and mixed-signal designs. .

6. Technology mapping: review of MOS/CMOS fabrication technology, 4
VLS8! design styles: full-custom, standard-cell, gate-array and FPGA '

7. Testability issues: fault modeling and simulation, test generation, deS|gn 4
for testability, built-in self-test, testing SoC's

8. Related topics: basic concepts of verification, embedded system design 4
techniques, hardware-software codesign, fauit-tolerant system design

9. EDA for emerging technologies: CAD for microfiuidic biochips, 3D ICs, 5

Quantum computers, etc.

Total 42

s
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11. Suggested Books:

Name of Books / Authors

Sl.No. Year of

. Publication

1. J. Bhasker, Verilog HDL Synthesis: A Practical Primer, B S 2001
Publications.

2.. | G. D. Micheli, Synthesis and Optimization of Digital Circuits. McGraw 2003
Hill

3. D. D. Gajski, N. D. Dutt, A. C. Wu and A. Y. Yin, High-level 2012
Synthesis: Introduction to Chip and System Design, Kluwer
Academic Publishers. ' _

4, S. M. Sait and H. Youssef, VLS! Physical Design Automation: Theory 2010
and Practice, World Scientific. '

5. M. L. Bushnell and V. D. Agrawal, Essentials of Electronic Testing, 2005
Kluwer Academic Publishers. _

6. Frank Vahid and Tony Givargis, Embedded System Design: A 2006
Unified Hardware/Software Introduction, Wiley-Press.

7. Israel Koren and C. Mani Krishna, Fault-Tolerant Systems, Morgan- 2008

Kaufman Publishers.

i

-61 -




INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPT./CENTRE: Computer Science and Engineering

1. Subject Code: CSN-382 Course Title: -Machine Learning
2. Contact Hours: L:3 T: 1 P:0
3. Examination Duration (Hrs.): Theory: 3 Practical: 0

4. Relative Weightage: CWS:25 PRS: 0 MTE: 25 ETE: 50 PRE: 0
5. Credits: 4 6. Semester:: Both 7. Subject Area: PEC

8. Pre-requisite: NIL

9.0bjective: To provide an understanding of the research advances and different

techniques of pattern recognition and machine learning.

10. Details of the Course:

St Contents Contact
No. Hours
1. Introduction: Overview of learning, Supervised vs Unsupervised 06

learning, Patterns and Features, Pattern Recognition approach and
its applications. '
2. Classification Techniques: Nearest Neighbors, Decision Trees, 08
Perceptrons, Neural Network, Support Vector Machine.
4. Unsupervised Methods: Curse of Dimensionality, Principal 08 .
Component Analysis, Linear Discriminant Analysis, K-Means,
Expectation Maximization, Vector Quantization, SOM.
5. Bayesian Network Fundamentals: Probability basics, Inference 08.
and Learning in Bayesian Networks, Belief Propagation, Graphical
Models, Hidden Markov Models.
6. Classifier Ensembies: Bagging, Boosting, AdaBoost, Random 06
Forests. - ' : '
7. Evolutionary Algorithms: Genetic Programming, Evolutionary 06
strategies, Particle swarm optimization, Ant Colony Optimization. .
' : Total 42
11. Suggested Books:
Sl. No. ~ Name of Books / Authors Year of
' ' _ Publication
1. C.M. Bishop. "Pattern Recognition and Machine Learning”, 2013
Springer '
2. R. Duda, P. Hart and D. Stork. "Pattern Classification”, Wiley 2001
3 A. E. Eiben, J. E. Smith, "Introduction to Evolutionary Computing” 2008
Springer. - 62 -
4, T. Mitchell. "Machine Learning", McGraw Hill 1997

B




e R /_& ' Appendix ‘C’
. : T Item No. Senate/ 63.13

INDIAN IKSTITUTE OF TECHNCLOGY RQORE{EE

NAME OF DEPTT/CENTRE:  Department of Paper Technology

1. Subject Code: PPN-212 Course Title: Chemical Reaction Engineering
2. Contact Hours: L: 3 T 01 P: 0

3. Examination Durati_bn (Hrs.):.  Theory _ ~ Practical 0

4. Relative Weichtage: CWS | 25 |PRS{ 0 ]MTE- 25 |ETE| 50 | PRE| O

M

. Credits: | 4 6. Semester: Spring 7. Subject Area: PEC

|
!
i

8. Pre-requisite:  Nil
9. Objective: To provide knowledge on the kinetics, design and operation of chemical reactors.

10. Details of Coﬁrse:

8. No. | - " Contents Contact
' Hours
I. Introduction: Reaction rate, rafe expression, reaction mechanism, 5

temperature dependence of reaction rate, interpretation of kinetic data from
batch reactors. :

Reactor Design: Ideal reactor models, mixed flow reactors, plug flow 8
reactors, multiple reactor systems, recycle reactor, autocatalytic reaction,
parallel and series reactions, reversible and irreversible reactions,
temperature and pressure effects.

3. Non-ideal Flow: Non-ideal flow patterns, E-, F-, and C-curves, mnean 8
residence .time, models for non-ideal flow, tanks in series model,
conversion in a reactor using residence time distribution (RTD) data;
Mixing of two fluids.

4. Heterogeneous Process: Global rates of reaction, types of heterogeneous g
rsactions: Catalysis, the nature of catalytic reactions, mechanisms of
catalytic reactions, classification of catalysts. catalysts’ deactivation, fluid-
solid catalytic reactions, rates of adsorption, surface reaction, and
desorption, rate limiting step, power law. Langmuir-Hinshelwood
mechanism, Eley-Rideal mechanism.

Reactors: Packed bed reactors, fluidized bed reactors, shurry reactors. g
trickle-bed reactors, three-phase fluidized beds. single and multi-bed
adiabatic reactors; Non-isothermal operation and stability of reactors.

- 63 - | _&
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6. | Bio-chemical Reaction Encmeer;nc M-M kinetics, Monod kinetics, 4
enzyroatic and microbial fermentation, bio-reaciors, substrate and ploducf
limiting sysiems. - |
Total 2 |
11. Suggested Books
S. Ne. Name of Books / Authors Year of .
- Publication
1. Carberry 1. 1., “Chemical and Catalytic Reaction Engineering”, Courier Dover. 7001
2. Davis M. E. and Dawvis, R. 1., “Funaamemals of Chemical Reactlon Engineering”. 2002
MeGraw Hill.
3. Fogler H. S., “Elements of Chemical Reaction Engineering”, 4% Ed., Prentice Hall 2008
of India.
4. Hayes R E., “Chemical Reactor Analysis®, Taylor and Francis. 2001
3. Holland C. D. and Anthony R. G.. “Fundamentals of Chemical Reactlon 1089
Engineering”, Prentice-Blail.
B &. Levenspiel C., “Chemlcal Reaction Engineering”, 3™ Ed., John Wiiey. 2008



NAME OF DEPTT/CENTRE:

I

Lh

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

1. Subject Code: PPN-214 Course Title: Chemical Engineering
' Thermodynamics

,QEContaot Hours: L: 3 ‘ T4 P 0

3. Examination Duration {(Hrs.): Theory 3

&. Semesier: Spring

8. Pre-requisite:  Nil

Department of Paper Technology

Pracftical O
Relative Weightage: CWS PRSE 0 'MTE 25 }ETE1 5 | PRE| O©

. Credits:

7. Subject Area: PEC

9. Objective: To impart knowledge on the concepts and application of thermodynamics to various
chemical engineering systems and processes.

10. Details of Course:

S. No.

Contents

Con

Lyl

an

[l

C

Hours

1

Introduction: Laws of thermodynamics, PVYE behavior of fluids —
Gibb’s phase rule, cubic equations of state and generalized
correlations

-

[ ]

Thermodynamic Properties of Fluids: Virial and cubic eguations of
state, theorem of corresponding states, acentric factor, generalized
correlations for gases and liquids; Property relations for homogeneous
phases; Concept of residual properties, residual properties by
equations of state; Property relations for two-phase systems;
Thermodynamic diagrams.

L

Phase Equilibria: Nature of equilibrium, the phase rule, Duhem’s
theorem, qualitative behavior of vapour liquid equitibria (VLE),
Raoult’s law, Henry's law, VLE by modified Raoult’s law and from
K-value corretations.

Solufion Thermodynamics: The chemical potential and phase
equilibria, partial properties, ideal-gas mixtures, fugacity coefficients
for pure species and species in solution, generalized correlations for
the fugacity coefficients; The ideal solution, excess properties, activity
coefficients: Models for the excess Gibbs energy: Margules, van Laar,
Wilson, UNIQUAC. and UNIFAC equations, Propeity changes of
mixing, heat effects; VLE for miscible, partially miscible and
immiscible systems, VLE calculations at Jow and high pressures.

l

16
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FS Chemical-Reaction Equilibria: Application of equilibrium criteria to 6
chemical reactions, the standard Gibbs-energy change and the '
equilibrium constant, effect of temperature on the equilibrium
constant, evaluation of eguilibrium  constants; Equilibrium

- | conversions for single reactions. ‘

& Thermodynamic Analysis of Processes: Work and free energy, 6
availability, analysis of mixing separamon processcs, heat exchange.
Jost work calculations

7 Tntroduction to Molecular Thermodynamlcs Moiecular theory of 4 )
fiuids, second virial coefhcients from potential funciions, molecular ‘
basas for mixture behavior.

| Total 4l
11. Suggested Books:
S. No. Name of Books / Authors Year of
: : Publication
1 Kyle B. G., “Chemical and Process Thermodynarnics”, 3" Ed., Prentice 2008
Hall of india.

2 Koretsky M.D_, “Engineering and Chemical thermodynamics”, John Wiley 2004

3 RaoY. V. C., “Chem1cal Engineering Thermodynamics”, Sangam Books. 2067

4 Sandler S.1. “Chemical, Biochemical, and Engineering Thermodynamics™, 008
4% Ed.. John Wiley.

5 Smith.J. M., Van Ness H. C. and Abbott M. M., “Introduction to Chemical 2008
Engmeermg Thermodynamics”, 60 Ed., Tata McGraw Hill.

6~ | Narayanan, X.V., “Chemical Engmeermg Thermodynamics”, Prentice 2067
Hall.

B
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

" NAME OF DEPTT/CENTRE: Department of Paper Technology
1. Subject Code: PPN -216 Course Title: Transport Phenomena
2. Contact Hours: L 3 T: 1 N P: 0

Ll

. Examination Duration (Hrs.): Theory i 3 Practical 0
. Relative Weirghtage: CWS 25 |PRS| € 1MTE ETE S{)j PRE | 0

. Credits: 6. Semester: Spring . 7. Subject Area: PEC

. Pre-requisite: Nil

I~

Lh

o0

9, Objective: To impart knowledge of momentum, heat and mass transport problems in process
industries. '

1G. Details of Course:

’>S. No. Contents Contact |
Hours
1. Molecular Transport Phenomena: Molecular transport of momentum, heat 8

and mass, law of molecular transport, Newton’s law of viscosity, Fourier’s
law of conduction and Fick’s law of diffusion. Transport coefficients-
viscosity, thermal conductivity and mass diffusivity; Estimation of transport
coefficients and temperature/pressure dependence

2 Non-Newtontan Fiuids: Time independent, time-dependent and viscoelastic 4
fluids, constitutive equations and rheological characteristics.
3 Equations of Change Under Lamimar Flow Conditions: Equation of 8

continuity, motion, mechanical energy, energy and mass transport; Simple
shell balance method for momentum. heat, and mass transport, velocity
distribution in circular conduits and parallel plates; Generalized form of
equations and simplifications.

4 Turbulence Phenomena: Basic theory of turbulence, time averaging, /
intensity and correlation coefficients. isotropic turbulence; Equations of
continuity, motion and energy for turbulent condition; prnoldc stresses.
Phenomenological theories of turbulence, velocity profile in circular
| conduits;, Temperature distribution in turbulent flow.
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Meithods of Amnalvsis of Transport Probiems: General integral balance
using mMACTOSCOPIC CONCEPLS, interphase transport in isothermal systems,
macroscopic balances for isothermal flow systems, polymeric liquids,
integral balance Tor mass, momentur, energy and mechanical energy.

Convective Transport: Free and forced convective heat transfer and mass

transfer.

Transport Past Immersed Bodies: Laminar and turbulent boundary layers,
Momentum, heat and mass transfer during boundary layer flow past a flat

late and flow over a sphere; Drag coefficient correlations.
P g

tha'l

427 J

11. Suggested books:

S No. Name of Autbors/Book /Publisher Year of
Publication/Reprint

1. Bird R.B., Stewart W. E. and Lightfoot E. N., “Transport 2005
Phenomena” 2% ed., John Wiley.

2. Geankoplis C.J., “Transport Processes and Unit Operations™, 4% 2008
ed., PHL '

3. Plawsky J. L. “Transport Phenomena Fundamentals” Marcel 2001
Dekker

4, Dean W.M., “Analysts of Transport Phenomena”, Oxford 1998
University Press.

5. Leal L.G., “Advanced Transport Phenomena: Fluid Mechanics 2007
and Convective Transport Processes”, Cambridge University

L Press. : J

&
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NAME OF DEPTT./CENTRE:

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

1. Subject Code: - PPN-218 Course Title: Process Optimization

)

[

I

vamination Duration (Hrs.):

. Contact Hours: L: 3 , T 1 P 0

q
Theory Practical
Relative Weightage: CWS PRS| 0 ’MTE ETE PRE‘ 0
5. Credits: &. Semester: Spring 7. Subject Area: PEC

8. Pre-requisite: Wil

9. Objective: To provide knowledge on the principles of optimizi

operations in chemical process plants.

10, Details of Course:

Department of Paper Technology

ng the processes and

S. No. | Contents
|
1.

Contact E‘Eoursj

Introduction: Basic concepts of process optimization and application
to various process indusiries; Definition and scope of operation
research; Different type of models, their construction and general
methods of solving.

g

Ligear Programming : Formulation of the problem and applications;
Simplex method, dual simplex method, sensitivity analysis;
Parametric  programming; Transportation, — transshipment and
assignment models and their application to capacity planning and
process control in process plants.

14

Problem Formulation: Nature and organization of ponlinear
optimization problems, development of models for optimization.

Optimization of Unconstrained Functions: One-dimensional search,
unconstrained multivariable optimization: Geometric, quadratic and
| integer programing.

Nonlinear Programming: Nonlinear programming with constrainis;

continuous and  discrete  variabies; Introduction  to  dynamic
programming.

|

N

l
l\ Mixed-integer programming; Global optimization for problems with
llApplicaiions: Heat transier and energy colservation, separation

processes, fluid flow systems; Optimization in large-scaie plant desien

i
I
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and operations.

Total 42
11. Suggested Books: ,
S. No. Name of Authors /Book/ Publisher Year of
_ _ ‘ ' : Publication
1. Edeer T. F. and Himmelblau D. M., “Optimization of Chemical 2001
Processes”, 2% Ed., McGraw Hill.
2. Liptak B. G. and Black 1. H, “Optimization of Industrial Unit 2004
Processes”, 2™ Ed., John Wiley. '
3. | Nicholson T. A. I, “Optimization irn Indusiry: Optimization 2607
Techniques”, Aldine Transaction.
4, Rao S. S.. “Engineering Optimization: Theory and Practice”, 3 Ed., 2040
New Age Publishers.
5. Hiller F. S. and Liberman G. J., “Intréduction to Operations 2608
Research®™, 8th Ed., McGraw Hill. :
6. Wagner H. M., “Principles of Operations Research with Application to 26038
Managerial Decision”, 2™ Ed . Prentice Hall.

1
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Depa;rtment of Paper Technology

1. Subject Code: PPN-SQZ Course Title: Strategy of Process En'gineering_
2. Contact Hours: L: 3 T. 1 ‘ P 0

3. Examination Duration (Hrs.): Theory 3 Practical 0

4, Relative Weightage: CWS | 25 |PRS| 0 |MTE| 25 |ETE; 50 | PRE E:

Lh

. Credizs: 4 6. Semester: Spring 7. Subject Area: PCC

8. Pre-requisite: INil

9. Objective: To impart knowledge about the basics of the design processes under uncertainties
and various strategies on the optimization of the processes.

10. Details of Course:

S. Ne. Contents : Contact
‘ , Hours
1. Introdunction: Creation and assessment of alternatives; Degrees of 5
freedom in a system, design variables; Economic design criteria.
2. Statistical Analysis in Design: Probability distributions; Estimation 7

theory; Testing and statistical inference, regression; Statistical design of
experiments, Box-Behnken and Taguchi’s methodology, analysis of
variance.

3. Accommodating to Future Developments: Anticipating the future, 4
accommodating to 2 linear demand forecast, nonzero initial demand;
Parametric sensitivity.

4. Accournting for Uncertainty in Data: Propagation of uncertainty through 6
design; Expected value criterion; Overdesign criterion by Ygal Voliunan
model; Analysis of risk.

3. Failure Tolerance: Theory of reliability, reliability through redundancy, 7
optimum allocation of redundancies: Disaster propagation.

6. Engineering around Variations: Queuing theory; Parametric pumping of 7
nrocesses; Smoothing of variations.

7. Simulation: Monte Carlo simulation, industrizl simulations, application of 6
simulation in decision-making.

| Total 42
-71 -
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11. Suggested Books:

8. No. : Name of Book / Authors Year of |
‘ _ Publication
1. Antony J,” Design of Experiments for Enginecrs and Scientists”, 2004
. Butterworth Heinemann.
A \ Calafiore G. and Dabbene, F., “Probabilistic and Randomized 2006
Methods for Design under Uncertainty”, Springer.
3. Dimian A.C., “Integrated Design and Simulation of Chemical 2003
Processes”, Blsevier.
Edgar T.F., Himmelblau. D.M. and Lasdon L.5., “Optimization of 2001
Chemical Processes”, 2™ Ed., McGraw Hill.
5. Jones D.R.H, “Failure Analysis Case Studies 17, Elsevier. 2001
6. i Jones D.R.H, “Failure Analysis Case Studies 117, Elsevier. 2004

5
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NAME OF DEPTT./CENTRE:

—

po

L2

Y

5. Credits:

co

. Relative Weightage: CWS | 20 |PRS| 20 |MTE| 20 |ETE, 40

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

_Subject Code:  PPN-304 ‘Course Title: Paper Properties

. Contact Hours: i 2 i O e 2

. Examination Duration (Hrs.): Theory 2 Practical 0 1
PRE| 0O

6. Semester: Autumn 7. Subject Area: PCC

[

. Pre-requisite: Nil

Depariment of Paper Techneology

9. Objective: To impart knowledge of properties of paper and their measurement.

10. Detatls of Course:

S. Na.

Contents

Contact Hours

1.

Introduction: Different grades of papers, boards and newsprint, and
their specifications; BIS and ISO standards of paper; Paper properties
and their dependence on paper making processes; Calibration of
instrumerts. '

4

| 3%

Physical Properties: Definitions and methods of determination of
grammage, caliper, buik, smoothness and porosity; Standardization of
size. '

(8]

Mechanical Properties: Definitions and methods of determination of
tensile strength, tear strength, burst strength, folding endurance, and
bending stiffness.

Optical Properties: Interaciion of light with paper, reflectance;
Definitions and methods of determination of brightness, opacity,
gloss and color.

[#3]

Resistance Properties: Permeation of thud through. paper, water
absorbancy. Cobb test, oil absorbancy, air/gas permeability.

Interrelation between Properties: Dependence of properties on
water content and temperature; Standard test conditions.

%]

Statistical ireatment of measured data.

Total

28
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List of Experiments:

O Gl

Evaluation of grammage, density, and bulk of paper

| Evaluation of porosity, smoothness, and softness of paper

Evaluation of tensile strengih, stretch, modulas of elasticity of paper
Evaluation of burst, tear and double foid of paper '

Evaluation of compression strength and delamination resistance of paper board

Evaluation of brightness, opacity and color of paper
Evaluation of water absorbency and oil absorbency of paper

k]

11. Suggested Books:

s. No;

‘Name of Book / Authors Year of
Publication
1. Casey 1.P., “Pulp and Paper Chemistry and Chemical Technology™, 1984
39 Ed_, Vol 3, John Wiley & Sons.
2. Gullichsen J. and Paulapuro H., “Papermaking Science and 1999
Technology, Book 17: Pulp and Paper Testing (Ed. Levlin J.-E. and
Sederhjelm L.)”, Finnish Paper Engineers’ Association and TAPPL
3. Hunter R.S. and Harold R.W. “Measurement of Appearance”, John 1987
| Wiley & Sons. :
4, Mark R. E., “Handbook of Physical and Mechanical Testing of Paper 2642
and Paperboard”, Vol. 1, Marce! Dekker.
5 Mark R. E., “Handbook of Physical and Mechanical Testing of Paper 2002
and Paperboard”, Vol. 2, Marcel Dekker.
6. Scott W.E., Abbott 1.C. and Trosset S., “Properties of Paper: An 1995

Introduction”™, TAPPI Press.

L
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NAME OF DEPTT./CENTRE:

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

Department of Paper Technology
1. Subject Code: PPN-306 Course Title: Printing and Packaging Papers
2. Contact Hours: L: 3 T 0 P: 0

(WB)

. Examination Duration (Hrs.): Theory 3 Practical 0 ‘

_Relative Weightage: CWS | 25 |PRS} 0O MTEI 25 (ETE| 50

4 PRE! O
5. Credits: 3 ‘ 6. Semester: Spring 7. Subject Area: PCC
8. Pre-requisite: Nil

9. Objective: To impart knowledge on the reguired propetties of paper and board for different
printing and packaging applications.

10. Details of Course:

S. No.

Contenfs

Contact Hours

1.

Printing Processes: Letterpress, flexography, gravure, lithography,
and screen printing; Halftone printing; Color reproduction; Printing
plates; Printing presses, printing inks, Reprography.

8

!,\)

Printability: Ink transfer; Print quality, Paper and paperboard
properties required for printing.

Pigment Coating: Raw materials for paper coating, base stock,
pigments, binders, and additives; Coating mixture preparation,
pigment coating formulations; Pigment coating processes; Drying of
pigment coated paper; Calendering and finishing of pigment coated
papers; Properties of pigment coated papers.

i

Packaging: Elements of packaging technology, approaches 1o
package development; Requirement of paper and paperboard for
different types of packages: sacks, cartons, and aseptic packaging.

&

Paper Board Manufacturing: Cylinder moid machines and other
cylindrical ~ formers, multi-fourdrinier  machines for  board
manufacture.

Converting: Corrugating, laminating, paper laminates, aqueous and
solvent coatings. extrusion coating, hot melt coating,

Total

75

8




11. Suggested Books:

f
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S. No. . Name of Book / Authors Yearof |
- Publication

1. Casey 1.P., “Pulp and Paper-Chemistry and Chemical Technology™, 1961
Vol. 4, Pergamon Press. '

2. Gullichsen J. znd- Paulapuro H, “Papermaking Science and 1999
Technology, Book 12: Paper And Paperboard Converting (Ed.
Savolainen A.)Y’, Finnish Paper Engineers’ Association and TAPPL

3. Gultichser J. and Paulapuro H, “Papermaking Science and 1998
Technology, Book 13: Printing (Ed. Oittinen P. and Saarelma H.)",
Finnish Paper Engineers’” Association and TAPPL

4, Kocurek M. J., “Pulp and Paper Manufacture, Volume 8: Coating, 1990
Converting, and Speciality Papers {Ed. Kouris M.}, TAPPI Press.




INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT/CENTRE: Department of Paper Technolody
1. Subject Code: PPN-401 Course Title: Environmental Management
2. Contact Hours: L: 3 : T: 0 : p: 212

3. Examination Duration (Hrs.): Theory Practical
4 Relative Weightage: CWS PRSNITE ETE PRE

5. Credits: 6. Semester: Autumn 7. Subject Avea: PCC

8. Pre-requisite: Nil

9. Objective: To make the students conversant about various environmental issues and
management aspects related to Process Industries. '

10. Details of Course:

Contents ontact Hours
Introduction: Environmental —1ssues for process industries;
Ernissions  and effluents; Environmental policy of India,
enviromumental 1aws and standards, corporate responsibility for
environmental protection.
Pollution Prevention: Process modification; Recovery of by-
products from industrial emissions and effluents, principles of 3 R,
reduction, recycle and reuse of wasics; Energy and fresh water
inimization, energy TECOVELYs Preventive maintenance and
housekeeping for limiting fugitive emission and leakages; Pollution
dispersion and diffusion. .
Pre and Primary Treatment:  Dilution, neutralization,
sedimentation, coagulation and flocculation.

Biological Treatment: Anaerobic and aerobic treatment of
carbonaceous matier; Various treatment systems such as trickling
filters, lagoons, UASB reactors and activated sludge processes,
Sludge disposal and managerment; Tertiary treatment methods.

Air Pollution Contrel: Particulate emission control by mechanical
separation and electrostatic precipitation, wet gas scrubbing, gaseous
emission control by adsorption and adsorptici.

Solids Wastes: Solids disposa

I; Decontarmnination and sterilization;
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List of Experiments:

1. Detertnination of water guality.

7. Determination of COD.

1. Determination of Dissolved Oxygen and BOD.

4 Measurement of Color. -

5 Measurement of TDS, SS, volatile and pon volatile fraction.

§. Determination of inorganic chlorine in wastewater.

7. Study of high volume sampler and determination of suspendad particulate matter.
8. Demonstration for measurement of AOX.

il Sugggsted Books:

MName of Book / Authors

Year of
Publication .

2060

1. Bollution Control” 3 Ed.,

Eokenfelder W.W. and Ford D, “Water
Jonkins Publishing Company.
Poliution Control Acts, Rules and
Control Board, New Delhi.
Pichtel J, “Waste Management
Industrial”, CRC Press.
Tchobanogious G., Burton B.L., Metcalf L., and Stensel 1.D., “Waste
Water Engineering” 4" Bd., McGraw Hill.
Vallero D, “Tundamentals of Air Pollution”, 4" Ed., Academic Press.

Notifications, Central Pollution

Practices:

Municipal, Hazardous and
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Department of Paper Technology
1. Subject Code:  PPN-411 Course Title: Modeling and Simulation in Pulp and
Papermaking Processes
2. Contact Hours: 2 23 T 1 P: 0
. %
3. Examination Duration {(Hrs.): Theory 3 Practical
4. Relative Weightage: CWS | 25 { PRS! O |MTE| 25 |ETE| 50 | PRE} 0O
5. Credits: 4 6. Semester: Autumn 7. Subject Area: PEC

8. Pre-requisite:

9. Objective:  To impart knowledge on development of detailed mathematical models of various
pulp and paper making processes and their solution.

10. Details of Course:

S. Mo,

Contents

Contact Hours

1.

Introduction: Introduction to process modeling, models and their
classification, physical, mathematical, statistical, empirical, and
stochastic © models; Interrelationships, Overview of modeling
applications in pulp and paper manufacture.

7

Models of Pulping and Bleaching Processes: Development of
models for , chipper and screens, cooking, liquor impregnation, blow-
heat recovery, liquor heating and recirculation, washing, pulp
screening and cleaning, pulp chests and bleaching.

Ced

Models for Papermaking: Development of for models for refining,
blending, flow distribution, headbox, sheet forming, de-watering of
paper web, backwater management, broke handling, wet pressing,
drying and calendaring.

10

Models for Recovery and ETP Systems: Development of models for
mauttiple-effect evaporators, recovery boiler, causticizers, lime kiln,
and Effluent treatment plant. '

Simulation  Software jfor Pulp awpd Paper Processes
(ASPEN/MATLAB/WinGEMS): Overview, creating & diagram.
solving a model, steady state simulation, dynamic simulation,
integration of mocels.

19

Total
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11. Suggested Books:

S. No. " Name of Books / Authors Yearof |
: _ Publication

1. Aris R, “Mathematical Modeling, Vol. 10 A Chemical Engineering 1999
Perspective (Process System Engineering)”, Academic Press.

2. Gullichsen J. and Paulzpuro H., “Papermaking "Science  and 1999
Technology, Book 6: Chemical Pulping (Ed. Gullichsen *J and
Fogelhoh’h C-1.)?, Finnish Paper Engineers’ Association and TAPPL

3. Gullichsen J. and Pautapuro H., “Papermaking Science and 2000
Technology, Book 7: Recycled Fiber and Deinking (Ed. Gottsching L.
and Pakarinen H.)”, Finnish Paper Engineers’ Association and TAPPL

4. Gullichsen J. and Paulapuro H., “Papermaking Science and 2000
Technology, Book 8: Papermaking Part 1, Stock Preparation and Wet
End (Bd. Paulapuro H.}”, Finnish Paper Engineers’ Association and
TAPPL

5. Gultichsen 1. and Paulapuro M., “Papermaking Science and 2000
Technology, Book 9: Papermaking Part 2, Drying (Ed. Karlsson M.)”,
Finnish Paper Engineers’ Association and TAPPL

6. | Gullichsen J. and Panlapuro H., “Papermaking Science and 1992

Technology, Book 10: Papermaking Part 3, Finishing (Ed. Jokio M.)”,

Finnish Paper Engineers’ Association and TAPPL
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INDIAN INSTITUTE OF TECHNOLOGY RGORKEE

NAME OF DEPTT/CENTRE: - Department of Paper Technology
1. Subject Code: PPN-412 Course Title: Paper Mill Calculations
2. Contact Hows: L 3 T: 1 : P: 0

L

. Examination Duration (Hrs.): Theory Practical 0
_Relative Weightage: CWS | 25 |PRS| 0O |IMTE]| 25 »ETE 50 F’REE

. Credits: 6. Semester: Spring 7. Subject Area: PEC

8. Pre-requisite:

o

th

9. Objective: To impart knowledge regarding basic calculations in paper mill and design
aspects of various parts of a paper machine.

10. Details of Course:

[ S. No. Countents . .Contact
_ ' ' Hours
1 Approach Flow System: Basic Mass balance calculations in approach 6

flow system, sizing of chests and piping, design parameters of screens.
cleaners, and fan pumps, deaerator, flow distributors; Estimation of
electrical power consumption

2 Headbox: Calculations for the required head, pressure and thrust in the 4
headbox, selection of perforated rolls, no-wake distance for the nozzle,
calculations for the pressurized and hydraulic headbox, characterization of
turbulence; Caleulations for jet angle, slice opening, volumetric flow rate
from the head box

Formers: Drainage raie calculations, wire tension, selection of forming 7
fabrics, dimensions of wite, sizing of different rolls, drainage elements
and suction boxes on wire table; Calculation of vacuum, drag load, and
other parameters for wite part; Design of cylinder mold machines,
Calculation of drive load.

L2

=

Overall Water and Fiber Balance: Mass halance for white water and 4

L* = Sy

s

L Q1 ]



fiber systerns, broke handling, first pass retention, savealls, water
requirement for showers and other cleaning devices, Concepts of system
ciosure ‘

()

Vacuum Systems: Vacuum producing devices; Sizing of vacuum pumps,
piping, foils and separators; Calculation of energy requirements

Press Part: Water removal rate calculations; Dimensioning of press rofls
and water drainage elements; Selection of press fabrics; Calculation of
press parameters; Calculation of drive load

]

Dryer Part: Material and energy balance for multi-cylinder and Yankee
dryers; Calculations of drying rate, surface area of dryers, air and steaim
requirement; Steam and condensate handling systems, sizing of steam
piping; Calculation of drying rate for surface sized and pigment coated
papers, calculations for IR and air impingement dryers, calculation for
drver hoods; Calculation of drive Joad; Calenders and super calenders

10

oo

Stock Pumps and Piping: Sizing of piping and pumps for stock flow in
different sections of a paper mill, power reguirement for pumping

I

Total

42

11. Suggesied Books:

5. Mo.

Name of Books / Authors

Year of
Publication

I.

Gullichsen J. and Paulapuro H., “Papermaking Science and Technology,
Book 8: Papermaking Part 1, Stock Preparation and Wet End (Ed.

‘Paulapuro H.)”, Finnish Paper Engineers’ Association and TAPPL

2000

Gullichser J. and Paulapuro H., “Papermaking Science and Technology,
Book 9: Papermaking Part 2, Drying (Ec. Karlsson M.Y*, Finnish Paper
Engineers” Association and TAPPL

2000

W

Gullichsen 1. and Paulapuro H., “Papermaking Science and Technology,
Book 10: Papermaking Part 3, Finishing (Ed. Jokio M.)", Finnish Paper
Engineers’ Association and TAPPL

1999

Kocurek M.JI., “Pulp and Paper Manufacture”, Vol. 7, TAPPI Press.

1994

MecDonzald R.G. and Franklin I.N., “Pulp and Paper Manufacture” Vol 2,

1969

TAPP] Technica! Information Papers, TAPP! Press.

2004

MeGraw Hill.
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTTJ/CENTRE:  Departinent of Paper Technology
1. Subject Code:  PPN- 413 Course Title: Computer Based Control System
2. Contact Bours: Lo 3 T 1 - PO

(8]

_Examination Duration (Hrs.):  Theory 3 Practical 0

‘ 4. Relative Weishtage: CWS ' prs| o |MTE| 25 |ETE| 50 | PRE| O
5. Credits: ] 4 6. Semester: Autumn 7. Subject Area: PEC
8. Pre-requisite: INil

9. Objective: To provide advanced knowledge of process control.

10. Details of Course:

S. No. Contents Contact
Hours
1. Introduction: Introduction to process control and compuier based control, 4

terminology & definitions, block diagrams of control system, industrial
control, process control & its objectives, developments in control,
examples of control System

Control Systems: Dynamic characteristics of control systems, interacting 8
and non-interacting systems; response of first order, first-order system in
series and second order sysiems; Closed-loop transfer functions; transient
response of control systems; Stability of systems.

3. Block Dhagrams of Control Systems: Analog and digital control. s
electronic control, PC based. direct digital, programmable. centralized &
distributed based, fuzzy and neural based control system.

!\}

4. Control Valves: Functions of control valves (CV), types. selection, 4
application, and comparison of different types of control valves, actuators
5. Programmable Logical Costrollers and SCADA: PLC over relay 6

control, PLC overview, PLC features and benefits, PLC applications,
supervisor control and data acquisition (SCADA), hardware and sofiware
architecture, bus structure, input outpui modules.

il
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Distributed Control Systems: Introduction to DCS, centralized- s 6

distributed control advantages of DCS, selections of DCS, requirement of
DCS for plant, mainienance, design and development, DCS for manager

and supervisors, comparison between PLC and DCS

Furzy Logic System: Crisp set and Fuzzy set, basic concepis of fuzzy sets, 6

membership functions; Basic operations on fuzzy sets, properties of fuzzy
sets, fuzzy retations; fuzzy if — then rules, fuzzy mapping rules and fuzzy

implication functions, applications of fuzzy controllers. v
' Total 42
11. Suggested Books:
S. No. Name of Books / Authors Year of
. ) Publication

1. C.D. Johnson, “Process Control Instrumentation Technology™, 3% ed., 1993
Prentice Hal! of India.
Coughnour D.R., “Process System Analysis and Contro}”, McGraw- 1991
Hill.

2. Bequette B. W., “Process Control — Modeling, Design and 2003
Simulation”, Prentice Hall of India.

3. Krishan Kant, “Computer Based Industrial Control,” Prentice Hall of 2002
India.

4, Stephanopouies G., “Chemical Process Control-An Introduction to 2008
Theory and Practice”, Prentice Hall of India.

5. B.G.Liptek, “Process Measurement and Analysis” by Instrument 2609
Engineers Handbook, fourth Edition, (v-1), CRC Press, (ISA)

6. 7. Yen, R. Langari, “Fuzzy Logic, Intelligence, Control, and 2006
Information”™, 3 ed., Prentice Hal! of India.

7. Chander Mohan, “An Introduction To Fuzzy Set Theory And Fuzzy 2915

Logic”, Publisher: Mv Learning,

&
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT/CENTRE: Department of Paper Technology
]. Subject Code: PPN-414 Course Title: Process Integration in Paper Industry
2. Contact Hours: L: 3 T. 1 P: 0
3. Examination Duration (Hrs.):  Theory 3 | Practical [ - g }
‘ L1

i=N

Relative Weightage: CWS | 25 |PRS| 0 (MTE| 25 (ETE; 50 PREE

. Credits: 6. Semester: Spring 7. Subject Area: PEC

8. Pre-requisite: Nit

wh

9. Objective: To impart knowledge about the applications of process integration aspects in pulp
and paper industry.

10. Details of Course:

S. Na. Cortents Ceontact Hours

1. Introduction: Concept of process integration and its applications to 14
various process operations; Role of thermodynamics in process
desien; Targeting of energy, area, number of units and cost, super
targeting, Concept of water networking; Optimization using pinch.

2. Pinch Technology: Concepts, heat exchanger network analysis, 10
maximum energy recovery (MER) network for multiple utilities and
multiple pinches, optimum design of heat exchanger network, tank
and mass integration.

L

Applications: Heat integrated distillation colurnns, evaporators, 16
dryers, reactors; Waste and waste waier minimization; Flue gas
ernission targeting; Heat and power integration.

4. Process Intensification: Introduction;, Applications: corelations with 3
process integration.
5. Case Studies: Black liquor evaporator, MF and MG cylinder drying. 9

distillation colurnn: Water networking using pinch analysis.

Total

Ao
[

7

- 85 -



11. Suggested Books:

FS. No. Name of Books / Authors Year of
Publicafion
i. El Halwagi M. M., “Process [ntegration”, 70 =d., Academic Press. 2006
2. Kemp 1.C., “Pinch Analysis and Process Integration: A User Guide on 2007
Process Integration for the Efficient Use of Energy”, 2™ Ed.,
Butterworth Heinemann.
3. Shenoy U.V., “Heat Exchanger Network Synthesis”, Gulf Publishing 1995
Company. . ‘
4. Sinnot ‘R. K., “Coulson & Richardson’s Chemical Engineering, 1999
Volume 6: Chemical Engineering Design”, 4™ Ed., Butterworth
Heinemann. ‘ :
5. | Smith R., “Chemical Process Design”, 2™ Ed., McGraw Hill. 2005
6. David Reay, Colin Ramshaw and Adam Harvey, “Process 2008
‘ntensification: Engineering for Efficiency, Sustainability and
L Flexibility, 2*° Ed., Butterworth Heinemnann '

a8
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT /CENTRE: Department of Paper Technology

1. Subject Code:  PPN- 445

2

U2

N

Lh

. Contaci Hours: 1.3 v Trof =0

. Examination Duration (Hrs.): Theory Practical | 0

_Relative Weightage: CWS | 25 PRS0 MTE]| 25 ETE‘ 50 ‘] PRE
. Credits: 6. Semester: Autumn 7. Subject Area: PEC

8. Pre-requisite: Nil

Course Title: Process Dynamics and Contro!

o |

9. Objective: To  provide knowledge about measurement of various parameters and

instrumentatio

paper technology.

10. Details of Course:

n. Control concepts and automation techniques, and their applications to pulp and

S. Ne.

Contents

Contact
Hours

Iniroduction: lmportance of control and instrumentation in process
industries; Block diagram; Transducers and their classification and
selection criteria; On and offline measurements. :

-

J

I~

Static Characteristics of Lestruments: Static and dynamic parameiers,
accuracy, precision, sensitivity, reproducibility, drift, threshold, hysteresis,
resolution, repeatability, stability, linearity, span and range, live zero, and
errors with examples; Rise time, seftling time, overshoot, undershoot eic.

Control Systems: Dynamic characteristics of control systems, interacting
and non-interacting systems; Response of first order, first-order system 1n
series and second order systems; Closed-loop transfer functions; Transient
response of control systems; Fundamental concepts of stability of control
systems.

10

s

Contro!l Block: Block diagram of different control sysiems like pneurnatic,
electronic digital, PLC. DCS and their brief description.

E_..FI

Modas of Control Action: Overview of the control system, classification
of process control strategies, {ransient response; two pasition control,
multi-position control, proportional (P), integral (1), derivative (D), PI, PD,




and PID controilers; feed-forward, feedback, cascade and ratio control

systems.
PLC and DCS: “Architecture, COMPartson, application of PLC and DCS

Applications in Pulp and Paper Industry: Concept of instrurnentation
and piping diagram Piping and instrument diagram for digester, lime-kiln,
bleach plant, washing and paper machine. '

]
11. Suggested Books:

T
Year of ]

8. No. ' Name of Books / Authors
i ‘ Publication
1. [ Andrew W.G., “Applied Instrumentation in the Process: Industries”, 1993

Vol. 1, 3 Ed., Gulf Publishing Company.
Lavigne I.R.. “Introduction to Paper Industry Instrumentation”™ Milier 1996

Freeman.
Andrew W.G., “Applied Instrumentation in the Process Industries”, 1993

Vol. 11, 3 Ed., Gulf Publishing Company.
“Industrial Instrumentation”, John Wiley.

CD. Johnson, “Process Control  Instrumentation Technolog_y”g\ - 1993

Prentice Hall of India, 3% 2d., New Delhi.
.

Ghosh ALK, “Introduction to Instrumentation and Control”, 4" Ed.,

Prentice Hall of India.
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NAME OF DEPTT./CENTRE:

INDIAN INSTITUTE OF TECHRNOLOGY ROORKEE

Department of Paper Téchnoﬁogy

1. Subject Code: PPN-417 Course Title: Microprocessor and its Applications
2. Contact Hours: L: 3 T:1 PO

(U3

4. Relative Weightage: CWS | 25 ‘ PRS MTE | 25 |ETE| S0
5. Credits: 4 6. Semester: Autumn 7. Subject Area: PEC
8. Pre-requisite: Nil |

xamination Duration (Hrs.):

Theory | 3 Practical | 0

PrRE| O

9. Objective: To provide exposure to the students about fundamental and design of digital
clectronics circuits. microprocessor architecture and programming, application of digital and
MicTOProcessor circuits in process industry.

10, Detatls of Course:

['S. No.

Contents

Contact Hours

1.

Introduction: Analog and digital signals, digital logic families,
characteristics of digital logic families, microprocessor and its duties,
difference between different processor of Intel, features and
comparisons of popular 8-bit,16-bit and 32 bit and 64-bit processor.

-

2

b~

Combinational Circuits: Simplification of Boolean function using
algebraic and K-map methods up fo 4.variables, do-not care
conditions, design of half, full, binary adder and sub-tractor, design of
encoder and decoder circuits; Multiplexer & de-multiplexer; NAND
and NOR gate implementations.

10

E..IJ

Architecture of Microprocessor: Microprocessor architecture, pin
description of 8085, instruction set of 8085, bus structure of 8085
MP’s, multiplexed address & data bus, arithmetic and logical unit,
general and special purpose register array of different 8-bit processors,
flags, control and Interrupts signal, memory and Input-output signals.
clock and utility signals.

Microprocessor Programuming: Basic guidelines of designing
instructions and symbols, opcode, description, flags and examples of
data transfer, arithmetic, logical, branching, groups, stacks, V3 and
machine control, assembly language programming to solve probiems
on arithmetic, logical and control examples.

10

Microprocessor Interface and Applications: Interface circuits and
its applications, programmable peripheral interface  of 3255,
operational modes of 8255, control word format for 8285, application

of microprocessor in induslry. n
-89
i‘

A ——,




[

|

Total \

42. |

1. Suggested Books:

S. No. Name of Book / Authors Year of |
Publication

1. John A. Seecger, “latroduction to microprocessor with the Intel 80857, 1988
Harcourt College Publication. '

3. Ramesh S. Gaonkar, “Microprocessor Architecture, Programmuing, and 1988.
Applications With the 80857, 4" edition, Prentice Hall of India.

4. | Anil Swamkar, “8085 Microprocessor™, 8" ed, Genius Publication. 2014

5. M. Morris Mano, Michaet D. Cilett, “Digital Design”, Pearson Prentice- 2007
Hall. , ' ,

6. Surendra K. Gupta, “Microprocessors System Design and Interfacing”, ch 2010
ed, Pragati Prakashan.

B
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NAME OF DEPTT./CENTRE:

‘1. Subject Code: PPN-418

™

(W)

s

L

INDIAN INSTITUTE OF TECHNOLOGY ROGRKEE

Paper Industry

Yy

. Contact Hours: L: 3 T 01 P: 0

_Examination Duration (Hrs.): Theory Practical Ej
Relative Weightage: CWS PRSEMTE 25 ETE{ 50 PRED]

. Credits: 6. Semester: SPring 7. Subject Area: PEC

8. Pre-requisite: Nil

G. Objective:

industry.

10, Details of Course:

Department of Paper Technology

Course Title: Applications of Biotechnology in

To impart knowledge regarding application of bio-technology in pulp and paper

5. No. Contents Contact Ho:&ﬁ

1. Tntroduction: lmportance, interdisciplinary pursuit, product safety, 5
public perception; Characterization of microbes and enzymes.
White-rot Fungi: Taxonomy, production of fungal inoculum, 6
enzymology and molecuiar genetics, wood degradation by white rot
fungi.
Raw Material Preparation: Wood pretreatment 1o remove OXic 6
extractives, biodebarking, bio-retting of flax, biodepithing.
Pulping and Bleaching: Advantages and principles of biopulping and 10
biobleaching, fungal pretreatment of wood chips for cherical pulping,
production of dissolving pulp. removal of shives, bleaching with
xylanases, and eNzZymes of white rot fungi.
Fiber Modification: Use of enzymes in beating, refining, deinking, 6
and other appiications. ‘

6. Fffluent Treatment: Treatment of wastewaters with aerobic and/or 9
anaerobic techniques; Decoiorization and detoxification of bleached
kraft effluents; Purificaiion oi process water in closed-cycle mills;
Management of wastewater freatment sludges.

L | 91 Total 42

5



11. Suggested Books:

Bajpai P. and Bajpai P K.,
Industry”, PIRA International.

Smith 1.E., “Biotechnology™ 3

Bajpai P., Bajpai P.K. and Kondo
Environmental Protection in the Pulp an
Raymond A.Y. and Akhtar M., “Epvironmentally Friendly
Technologies for the Pulp and Paper Industry”, ] ohn Wiley.

Ed., Cambridge University Press.

Td

Name of Books / Aunthors

“Biotechnology in the Pulp and Paper

-92 .

d Paper Industry”, Springer.

Year of
Publication

R. “Biotechmology for

2063

.
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Department of Paper Technology
1. Subject Code: PPN-419 Course Title: Recovery Procesé Calculations
2. Contact Hours: L: 3 T 1 T P: 0
3. Examination Duration - {(Hrs.): Theory 3 Practical 0
- ;
4, Relative nghtage: CWS | 25 |[PRS| 0 (MTE| 25 |ETE; &0 PRE o |
5. Credits: 4 6. Semester: Autumn 7. Subject Area: PEC

8. Pre-requisite: Nil

9. Objective: To impart knowledge of process design caiculations in chemical recovery
systems.

10. Detaits of Course:

| S. No. Contents Contact Hours

I. Multiple Effect FEvaporators: Material and energy balance 9
calculations for different types of evaporators, calculation for area
requirement and efficiency, process design calculations for condensers
and steam-jet ejectors.

2. Recovery Boiler: Material and energy balance calculations for 9
recovery boilers, performance calculations, effect of various
parameters on performance, calculations of effective cooling area for
water walls.

3. Electrostatic Precipitator: Process design calcujations. 4

4. Causticizing Sectiom: Process design calculations for slakers, 9
causticizers, clarifiers, mud washers and filers.

5. Lime Mud Reburning Systems: Process design calculations, energy 6
efficiency, performance calculations.

é. Fluidized Bed Combustion: Material and energy balance, 3
performance caiculations.

Total 42

-93- %_




11. Suggested Books:

S. No. Name of Authors/Books/Publisher Year of
Publication
1. Abrams T.L., “Process Envmeermg Design Criteria Hand Book: Pu}p 1996
and Paper Normal Design Criteria,” TAPP! Press. :
2. Adams T.N., Frederick W.I., Grace T.M., Hupa M., lisa K., Jones 1997
A X, Tran H.N., “Kraft Recovery Boiler” TAPPI Press. '
3. Gullichsen J. and Paulapuro H., “Papermaking Science and 199¢
Technology, Book 6B: Chemical Pulpmo (Ed. Gullichsen ] and
Fogelholm C-1.)”, Finnish Paper Engineers’ Association and TAPP[
‘[ | 4. | Tappi Kraft Recovery Short Notes, TAPPI Press. 1996

A

-94 -



INDIAN EE\EST!TUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Department of Paper Technology
1. Subject Code: PPN-421 Course Title: Pulp Mill Calculations
2. Contact Hours: L: 3 T: 1 ' P: O

L2

REY

Lh

. Examination Duration (Hrs.): Theory Practical 0
Relative Weightage: CWS | 25 |PR3} 0 1FU'£TE FZS ETE; 50 | PRE} O

. Credits: 6. Semester: Autumn 7. Subject Area: PEC

8. Pre-requisite: Nil

9. Objective: To impart knowledge of process engineering design aspects of pulping, screening,
cleaning, washing and bleaching systems.

10. Details of Course:

['S. Neo.

Contents Contact Hours

1.

Raw Material Preparation: Material and energy balance calculations 4
for raw material preparation section.

Pulping Processes: Process calculations for baich and continuous 9
digesters; Modeling of soda and kraft pulping; Calculation of H and
modified H-factors; Use of empirical models for prediction of various
parameters;, Calculation for blow-heat recovery, digester and liquor
heater, Process design calculations for pulp mills based on batch,
continuous digesters and their modifications; SuperBaich, RIDH,
MCC, and EMCC processes; Steam and power catculations.

(8]

Screening and Cleaning Systems: Performance of screening and 6
cleaning systems and their process design aspects, mass balance and
efficiency for single and multiple stage systems, screening  and
cleaning equipment sizing, pOwWer consumption calculations.

Washing Systems: Material and energy balance calculations for &
different types of washing systems, washing josses and washing
efficiency. calculation of washing efficiency for varying dilution
factor, displacement ratio, and number of stages; Norden efficiency.

LS

|

Bleaching Systems: Calculationsggvolving ‘bleach liquor analysis; 7 J
05 =

O



Material and energy balance for various single and multiple stage
bleaching sequences; Process design of tower, mixer and reactors;
Caleulations for bleaching efficiency, target brightness, shrinkage and
environmental 1mmpact. -

6. | Stock Pumps and Piping: Sizing of piping and pumps for stock flow 5
i different sections of a pulp mill, power reguirement for pumping.
7. Wastepaper Pulping and Deinking: Process calculation for 5
hydrapulper, floatationcell, and washing. o
Total 42 |
11. Suggested Books:
rS. No. | Name of Books / Authors Year of |
Publication
1. Dence C.W. and Reeve D.W., “Pulp Bleaching: Principles & 1996
Practice”, TAPPI Press.
2. Gullichsen J. and Paulapuro H., “Papermaking Science and 1999
Technology, Book 6: Chemical Pulping (Ed. Gullichsen 3 and
Fogelhoim C-1.)”, Finnish Paper Engineers’ Association and TAPPL
3 ¥ocurek M. J., “Pulp and Paper Manufacture, Volume 5: Alkaline 1989
Pulping (Ed. Grace T. M. and Melcolm E. W.)". TAPPI Press.
4 | McDonald R.G. and Franklin J.N., “Pulp and Paper Manufacture™ 1969

Vol. 2, McGraw Hill,

fi_
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Department of Paper Technology

1. Subject Code: PPN-422 Course Title: Coated and Specialty Papers
2. Contact Heurs: Il 3 _ T: 1 P. 0

3

. Examination Duration (Hrs.): Theory 3 Practical 0
. Relative Weightage: CWS | 25 |PRS OJMTE 25 |ETE| 50 | PRE| O

. Credits: 4 &. Semester: Spring . 7. Subject Area: PEC

R

h

8. Pre-requisite: Wil

9. Objective: To provide knowledge on the characteristics of various constituents used in
agueous pigment coating processes, and characteristics and applications of various specialty
paper grades.

i0. Details of Course:

5, No. Contents Contact Hours

1. Base Paper and Costing Ingredients: Requirements of coating base 9.
paper, mechanical and wood free papers; Coating pigments, kaolin,
GCC, PCC, tale, titanium dioxide, gypsum, aluminum trihydrate,
synthetic plastic pigments; Coating binders, Jatex, synthetic co-
binders and thickeners, starch, soy-protein, CMC, polyvinyi alcohol;
Coating additives, characteristics and application of dispersants,
viscosity modifiers, insolubilizers, lubricants, and others.

2 Coating Proeesses: Coating color preparation, coating technigques, 9
maltiple coating of paper, coating of board, drying of coated paper,
process control and autornation, rheology of pigment slurries.

3. Printing and Writing Papers: Characteristics of various grades such 5

as newsprint, SC papers, coated mechanical papers. uncoated fine
napers, coated fine papers, special fine papers.

4. Paperbeard Grades: Carton boards classification and quality 6
requirements  for  various  applications, containerboards  and
linerboard, corrugating mediurn. special boards, walipaper base, core

97 -

board and plaster board.



Tissue and Air-laid Papers: Tissue converting, embossing, printing
and perforation; Process of manufacture of air-laid papers, their.
characteristics and applications.

tn

6. Characteristics of Specialty Grades: Electrical papers, absorbent 8
papers, fitter papers, special strong papers, release papers, copy and
imaging papers, packaging papers, building papers, cigaretie papers,
and other functional papers.
Total s 42
11. Suggested Books:
S. No. Name of Books / Authors Year of.
Publication
1. Guliichsen 1. and Paulapuro H., *“Papermaking Science and 2000
Technology, Book 11: Pigment Coating and Surface Sizing of Paper
(Ed. Lehtinen E.)”, Finnish Paper Engineers’ Association and TAPPL
2. Gullichsen J. and Paulapuro H., “Papermaking Science and 2000
Technology, Book 18: Paper and Board Grades (Ed. Paulapuro f.)”,
Finnish Paper Engineers’ Association and TAPPL .
3. Kocurek M. 1., “Pulp and Paper Manufacture, Volume &: Coating, 1990
Converting, and Speciality Papers (Ed. Kouris M. )", TAPPI Press.

e
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NAME OF DEPTT./CENTRE:

1. Subject Code: PPN-423

[

Ll

IS

s

o0

9, Objective: To impart kn

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

' Contact Hours: L3 T: 1 P 0

. Examination Duration (Hré.): Theory Practical 0 l
_Relative Weightage: CWS PRS] 0 |MTE| 25 ETE‘ 50 | PRE| O

5. Credits: 6. Semester: Autumn 7. Subject Area: PEC

. Pre-requisite: Nil

from a paper mill for conserving water and energy.

10. Details of Course:

Department of Paper Technology

Course Title:  System Closure in Paper industry

owledge on methodology for achieving near zero effluent discharge

| S. No.

Contents

‘ A
Contact Hours

L

Tntroduction: Inputs and ouiputs of pulp and paper mapufacturing
process; Discharge standards for liquid, solid and gaseous emissions;
Energy usages; Paper use and disposal.

4

!\J

Sustainability and System Clesure: Concepts, {ssues and challenges
of sustainability, legislative approaches, the Earth summit and other
protocols, EIA, eco-labeling, green rating, LCA; Open‘, partially
closed. and closed systems, examples; Clean development mechanism.

i0

EJJ

Water Needs of Pulp and Paper Industry: Water sourcing; Clesed
system  operations  in finer preparation, pulping, bleaching,
papermaking and  chemical recovery; Condensate recovery,
management of non process elements; Problems of closed water cycle
operations, process 1Ssues, issues related to paper quality.

Treatmment Technignes for System Closure: Liguid effluent
discharges, tertiary treatment methods: lIssues of TDS, Color, and
AOX: Zero liquid discharge, concept, issues and challenges; Solid
waste management, incineration and land fill; Alr emission conirol for
$0,. NO,, HCI, NCG’s, TRS, and VOL.

16




Energy Management in Pulp and Paper Mills: Renewable and non-
renewable energy sources, increasing use of bio-mass, cogeneration,
development of energy efficient processes, GHG emission, concept of

PTA, process integration.

11. Suggested Books: -

r_‘___,__gr_-g_,_#__r—r_'_ﬁ___,_#_#—f—’#—-———
Name of Books / Authors Year of
o ' Publication
Brune D., Chapman D.V., Gwynne M.D., and Pacyna IM., “The
Global Environment: Science, Technology and Management™, Marcel
Dekker. ' .
Tnvironmental Issues and Technology in Pulp and Paper Industry —
TAPPI Press Anthology of Published Papers, 199 1-94. .
Gullichsen J. and Paulapuro  H., “Papermaking Science  and
Technology, Book 19: Environmental Control (Ed. Hynninen Py,
Finnish Paper Engineers’ Association and TAPPL
Nebel B.J., Adams CE., and Wright N, “Epvironmental Science —
The Way World Works”, 4” Ed., Prentice Hall.
Boyce, M. P.. “Handbook of Cogeneration and Combined Cycle
Power”, ASME Press
Charter for Water Rec
Paper Industries of Ganga

ycling and Poliution Prevention in FPulp and
Basin, ADSORBES/44/2014-15, CPCB
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT/CENTRE: Department of Paper Technology
1. Subject Code: PPN-416 Course Title: Converting Operations
2. Contact Hours: L: 3 T 5 P 0

(D]

o~

W)

_Examination Duration (Hrs.): Theory 3 Practical
_Relative Weightage: CWS PRS| 0

5. Credits: 6. Semester: Spring 7. Subject Area: PEC

8. Prerequisite: Nit

9. Objective:

operations involved, and the converted products.

' 10. Details of Course:

N
MTE| 25 |ETE| 50 PRE

To impart knowledge on the principal features of web- converting, typical unit

| S. No.

Contents

Contact Hourg

1.

Iniroduction: Converting; Product groups.

2.

Wetting and Adhesion: Theories of adhesion- mechanical
interlocking, diffusion theory, electrostatic theory, thermodynamic
adsorption and surface energy theory, chemical adhesion, weak
boundary layer theory, Measuring wetting, adhesion, and peel
strength, Adhesion in different converting processes.

Web Fed Converting Operations: Fiexible packaging line, tape
machines, industrial wrappings, unit operations in un-winders and re-
winders, tension conirol, edge ouiding, coating, drying, curing, and
lamination.

Dispersion  Coating: Polvmer dispersion as bartier coating,
Polymerization and formulation, film formation. Rheology, Recyeling.

EJ?]

Extrusion Coating: Processes and equipment, Coating plastics,
Qubstraies and main applications such as liquid packaging, flexible
packaging, and vhotographic papers.

Metalizing apd Lamination: Characteristics of metalized products
and process of metalizing: Tvpes of laminated paper procucts,
characteristics of papers, films, and folis used in  laminating,
laminating process, pressure sensitive adhesive label laminaies.

Carton-board Package Manufpgryring: Packaged products anc

S]]

A



requirements for cartons, carton manufacturing and requirement for
board.

8. Corrugated Board Manufacturing: Corrugated board gualities, 8
production of corrugated board, adhesives for corrugating, . factors
affecting gluing behavior, requirements of the linerboard and fluting
medium, testing of corrugated board.
[ Total 42
- k3
11. Suggested Books: '
| 8. No. - Name of Books / Authors Year of
Publication
1. Gullichsen J. and Paslapuro H., “Papermaldng Science and 1999
Technology, Book 12: Paper And Paperboard Converting (Ed.
Savolainen A.)", Finnish Paper Engineers’ Association and TAPPL ~
2. Kocurek M. 1., “Pulp and Paper Manufacture, Volume 8: Coating, 1990
Converting, and Speciality Papers (Ed. Kouris M.)”, TAPPI Press
3. Casey J.P., “Pulp and Paper: Chermistry and Chemical Technology”, 1981
| Vol. 4, 3" Ed., John Wiley & Sons. .

.
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Department of Paper Technology
|. Subject Code: PPN-424 Course Title: Papermaking Chemisiry
2. Coritact Hours: L 3 T: 1 P: 0

L2

- Examination Duration (Hrs.): Theory 3 Practical
_Relative Weightage: CWS PRS MTE ETE PRE| O
5. Credits: &. Semester: Spring 7. Subject Area: PEC

8. Pre-requisite: Nil

pay

9. Objective: To impart knowledge regarding advances .in chemistry aspects in stock
preparation and papermaking.

10. Details of Course:

S. No. Contents Contact Hours

' ‘ 1. Introduction: Importance of papermaking chemisiry; Fiber-fiber- &
water bonding;, Rheology, surface energy, and surface tension of
colloidal systems.

Sorption and Swelling: Sorption and swelling of celiulosic materials 7
in water and other media, types of adsorption, physical- and chemi-
adsorption, surface area of cellulose and cellulosic maierials.

)

[ 3]

Floctrokinetic Properties of Cellulose: Jon exchange, elecirokinetic g
phenomena, effects of chemical environment and processing
operations such as pulping, bleaching, and refining on electrokinetic
z properties,

4. Coagulation and Flocculation in Papermaking: Coagulation with 6
electrolyies, theory of fiocculation and  dispersion of colloidal
materials, effects of additives on fiber flocculation.

. 3. Retention Mechanisms: Charge neutralization, patch model, 8
f! bridging, complex flocculation, dissolved and colloidal substances;
! Influence of shear.

6. Foam and Slime Ceontrol: Nature of foam. foam formation and
stabilization, effect of additives on foam stability, theory of antifoam
= action; Micro-organisms and slime formation, chemical slime control.
i 1nn Total 42
3 LW

fs N




11. Suggested Books

S. No.

Name of Books / Authors Year of
' Publication
1 Eidund D. and Lindstrom T.D., “Paper Chemisiry: An introduction™, 1991
TAPP] Press.
2. Gess 1.M “Retention of Fines and Fillers During Papermaking”, 1998
TAPPI Press. : ,
3. Gullichsen 1. and Paulapuro H., “Papermaking Science and 1999
Technology, Book 4: Papermalqncr Chemistry (Ed. Neimo L.)7,
Finnish Paper Engineers’ Association and TAPPI.
4, Kocurek M. J., “Pulp and Paper Manufacture, Volume 6: Stock 1992
Preparation (Ed Hagemeyer R. W. and Manson D. W.)7, TAPPI
Press.
5. Roberts J.C. “Paper Chemistry”, Biackie Academic & Professional. 1996
6. Swanson 1., “Colloid Chemistry of Papermaking Materials”, TAPPI 2002

 Press.

H
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NAME OF DEPTT./CENTRE:

[N —_

(V5]

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

. Subject Code: PPN-425 Course Title: Paper Physics
. Contact Hours: L: 3 T:01 - P 0

' . K]
_Examination Duration (Hrs.): Theory Practical
4. Relative Weightage: CWS F’RSEMTE 25

5. Credits: 6. Semester: Autumn 7. Subject Area: PEC

8. Pre-requisite: Nil

Department of Paper Technology

ETE [-é?‘ PRE E

9. Objective: To impart knowledge on the structure of paper and its correlation with paper
properties and papermaking process.

10. Details of Course:’

S. No. Contents Contact Hours

i. Structure of Paper: Two- and three-dirnensional network geometry, 6
formation, concept of orjentation and flocculation, porous siructure.

2. Theories of Paper Strength: Fiber properties, strength of fibers and g
its correlation with strength of paper, fiber bonding, correlation of
strength of paper with fiber network, in-plane strength properties,
bending stiffness, compressive strength, out-of-plane strength.

3. Surface and Sorption Properties: Methods of characterization of 9
surface structure, surface friction, interaction of paper surface with

: aqueous and oity liquids, resistance of paper to passage of liquids and
l aases.

4. Optical Properties: Physics of light scattering in paper, Kubelka- 4
Munk equations, effect of paper structure and composition on opfical '
properties, measurement of color.

5. Dimensional Stability: Relative humidity. hysteresis and dynamic 9

| phenomena, hyeroexpansion, curl, cockling.
Total 41
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11. Suggested Books:

ENO. : - Name of Books / Authors | ] Year of ]
b} .

Publicatio
1. Bristow J. A.W. and Kolseth P., “Structure of Paper and Propetties” 1986
Marcel Dekker.
2. Gullichsen J. and Paulapuro H., “Papermaking Science and 1998

Technology, Book 16: Paper Pﬁhysics (Ed. Niskanen K.)7, Finnish
Paper Engineers’ Association and TAPPL o

3. Mark R.E.. Habeger Ir C.C., Borch I. and Lyne M.B. “Handbook of 2002
* | Physical Testing of Paper” Vol. 1, Marcel Deldker. -
4. Mark R.E., Habeger Ir C.C., Borch 3. and Lyne M.B. “Handbook of 2002
L Physical Testing of Paper” Vol. 2, Marcel Dekker. '

B

- 106 -




INDIAN INSTITUTE OF TECHNQLOGY ROORKEE

NAME OF DEPTT./CENTRE: Department of Paper Technology
1. Subject Code: - PPN-426 Course Title: Packaging Papers
1 P: 9

2. Contact Hours: L:3

T
3. Examination Duration (Hrs.):  Theory Practical EI \
4, Relative Weightage: CWS ‘ 25 |PRS ¢ MTE 15 ETE | 50 PRE b

5. Credits: 4 l _ 6. Semester:Spring 7. Subject Area: PEC

8. Pre-requisite:  Nil

9. Objective: To familiarize the students with various types of packaging paper and boards

10. Details of Course:

S. No. Contact

5 Contents : Hours
1. Paper and Board for Packaging: Use of paper and paperboard in flexible and rigid packaging, 7
! ‘comparison with other packaging materials, kraft paper, flexible packaging paper, extensible kraft;
? Grades of paperboard, multilayer boards, solid bleached board, unbleached kraft paperboard,
uncoated recycled paperboard, coated recycled paperboard, application of various board in
.packaging
Z. Paper Board Manufacture: Forming section, wet pressing, drying, and calandering, paperboard 6
properties and their control during manufacture
3. Pigment Coating: Pigments, binders, additives, coating formulations and preparation of coating 4
mixture, coating techniques, properties of coated paper and board
4, Corrugating: Corrugated board types and properties; Production of corrugated board; Gluing; 6
Quality control; corrugated board box making and their performance evaluation. '
5. Manufacturing of Packages: Pouches, sacks, boxes, cartons, composite cans and fiber drums, 5
aseptic drink boxes, package printing, sealing and gluing, liquid packaging
6. Polymer Dispersions as Barrier coatings: Properiies of the polymers used, application technigues, 6
rheotogy of polymer dispersions, properties of polymer dispersion films.,
§ 7. Extrusion Coating: Extrusion coating plastics, substrates, extrusion coating process, properties and 4
f applications of extrusion coated products.
8. Lamination: laminating methods, laminating substrates, adhesives, properties of laminated paper 4
L and board products
Total 42
11. Suggested Books:
5. No. Name of Book / Authors Yearof |
. Publication
1. Gullichsen . and Paulapuro H., “Papermaking Science and Technology, Book 12: Paper And 2012
Paperboard Coaverting (Ed. Savolainen A.)”, Finnish Paper Engineers® Association and TAPPL
2. Guliichsen J. and Paulapuro H., “Papermaking Science and Technclogy, Book 13: Printing (Ed. 2012
Oittinen P. and Saarelma H.)”, Finnish Paper Engineers’ Association and TAPPL
2 Gullichsen J. and Paulapuro H., “Papermaking Science and Technalogy, Book 17: Pulp and 2612
Paper Testing (Ed. Leviin J.-E. and Soderhjetm L.)", Finnish Paper Engineers’ Association and
TAPPL
} 4. Mark R. E., “Handbook of Physical and Mechanical Testing of Paper and Paperboard”, Vol. 2002
H 182, Marcel Dekker.
|5 Campbell .M., “Introduction to synthetic polymers”, Oxford University Press 2066
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE:

1. Subject Code: PPN-427

I

Lot

Ll

_Contact Hours: - L: 3 T: 1 - PO

. Examination Duration (Hrs.): Theory Pracﬁca! 0

Department of Paper Technology

Course Title:  Secondary Fiber Processing

4. Relative Weightage: CWS3 PRSEMTE 25 |ETE| 50 | PRE| ©
5. Credits: 4 s 6. Semester: Autumn 7. Subject Area: PEC
8. Pre-reguisite: NIL

9. Objective: To impart knowledge about availability, collection, utilization and environmental
aspects of secondary fibers.

10. Detalls of Course:

S. No.

Contents

Contact Hours

1.

Genera! Aspects: Utilization, collection, and recovery rate, future
atilization of recovered paper, legislation for use of recycled fibers;
Quality control of recovered paper, recyclability of paper products,
economics of secondary fiber utilization..

3

Recyeled Versus Virgin- Fiber Characteristics: Comparison,
General effect of recycling, Effect of furnish and initial beating of
virgin pulp, Interaction between fiber properties and process variables.
Discussion related fiber strength, Coarseness & freeness change of
recycled fibers.

EJJ

Stickies in Recycled Fiber Pulp: Type and size of stickies, origin and
behaviour of stickies, characterization of stickies; Print quality of
recycled fiber papers; Impact of secondary fiber on the paper machine,
and fiber reactivity versus chemical use.

Unit Operations and Equipment: Secondary fiber processing, batch
and continuous pulpers, siushing, deflaking, fractionation, dispersion
and kneading, dewatering, refining, screening and cleaning; Effect of
variables like temperature, pressure, agitation, consistency, and

1z
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chemicals on pulp properties.

5. Deinking: Deinking operations, washing and floatation, advances in 8
deinking techmniques.
0. Environmental Aspects: Characterization of wastes and emissions 5
from mills using recovered fiber, Process water clarification, Reject
handling and studge pressing in recycling and deinking systems
7. Flow Sheet Considerations: Process parameters that influence. the 2
design of flow-sheets, simple’ systens, crude cleaning, OCC system,
systems for deinking newsprint and magazine papers, deinking of
printing and writing grades. '
Total 42
11. Suggested Books:
S. No. Name of Books / Authors Year of
- Publication
1. Gullichsen J. and Paulapuro H., “Papermaking Science and 2000
Technology, Book 7: Recycled Fiber and Deinking (Ed. Gottsching L.
and Pakarinen, H.)”, Finnish Paper Engineers’ Association and
TAPPL - ,
2. Kocurek M. ., “Pulp and Paper Manufacture, Volume 3: Secondary 1987
Fibers and Non-wood Pulping (Ed. Hamilton F. and Leopold B.)",
TAPPI Press.
3. McKinney R.W.J., “Technology of paper Recycling”, Blackie and 1995
Academic Professional.
14 Spangenberg R.J., “Secondary Fiber Recycling”™, TAPPI Press. 1893

B
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 INDIAN INSTITUTE OF TECHNCLOGY BT KE
NAME OF DEPT /CENTRE:- Folymer and Process Er%gineer’ing

1. Subject Code: PEN-352 Course Title: Pollution Control Engineering

N

. Contact Hours: I 2 T: 1 P: 272

L

. Examination Duration (Hrs.): Theory | 2 - Practical} 0

Relative Weightage: CWS| 20 | PRS| 20 |MTE| 20 | ETE| a0 | PRE
T 5

5. Credits: | 3 . 6. Semester: Spring 7. Subject Area: PCC

I

8. Prerequisite:  NIL

9. Objective:  To impart knowledge about air, water, and land pollution and its preventive
MEeasures.

10. Details of Course:

S. CONTENTS Confact
MNo. Hrs
1. Tntroduction: Environment and environmental pollution from process 3

industries, characterization of emission and industrial effluents, Indian
and EPA laws and standards for environmental analysis; Pollution due
o nano-materials, Corporate responsibility for the environmertal
protection; Water-energy nexus.

2. Minimization of Poliution : Process modification, alternative taw 5
material, recovery as by-product from industrial ermssion effluents,
recycle and reuse of waste, energy recovery and waste utilization;
Cleaner production concept: Cleaner productionr practise, appropriate
design of products and processes; Fugitive emission/effluents and
leakages/wastage prevention.

air Pollution: Theory of air pollution control: Particulate ernission &
control by mechanical separation and electrostatic precipitation, wet gas
scrubbing, gaseous emiission control by absorption and adsorption;
Design of air pollution control systems: Design of cyclones, ESP, fabric
filters and absarbers. carbon dioxide adsorption.

Lad

oo

Wastewater Pollution Contrel: Constituents in wastewater; Prunary g
and Secondary treatment: Pre-treatment, solids rernoval by seting and
sedimentation, filtration centrifugation, coagulation and flocculation;
Biological treatment: Anaercbic and aerobic treatment; Bloreactor
design and analysis for wastewater freatment, .

L

Waste Manpagement: Management of concentrated carbondioxide.
Sludge treatment and disposal; Decontamination and  sterilization:
Compositing, landfill.  briquetting. pyrolysis. gasification and

o

incineration: Leaching protocols and testings.

E : TOTAL ;]
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. List of Experiments

_ Determination of water quality.

. Determination of COD.

. Determination of Dissolved Oxygen and BOD.

). Measurement of TDS, 55, volatile and non volatile fraction.

Determination of inorganic chlorine and alkaninty mn wastewater.
Study of high volume sampler and determination of suspended particulate matier.

_ Demonstration for measurement of AOX. |
. Leaching test soild waste according to TCLP protocol.

. Suggested Books:

. Na.

Name of Books / Authors /Publisher

Year of

Publication /

Reprint

Eckenfelder W.W._, and Ford D., “Water Pollution Controt™, 3rd
Ed., Jonkins Publishing Company. .

20600

Tchobanoglous G., Burton B.L., Metcalf L., and Stensel H.D.,
«“Waste Water Engineering”, 4th Ed., McGraw Hill

2008

L2

Pollution Control Acts, Rules and Notifications, Central Pollution
Control Board, Néw Delhi.

2083

Vallero D, “Fundamentéls of Air Pollution”, 4th Ed., Academic
Press.

2647

th

| and Industrial”", CRC.

Pichtel J; "Waste Management Practices: Municipal, Hazardous

2005

e
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Poiymer and Process Engineering

1. Subject Code: PEN-354 Course Title: Chemical Plant Design and
: - Economics

2. Contact Hours: L: 3 T - P O

L

. Examination Duration (Hrs.): Theory 3 Practical
Relative Weightage: CWS PRS o |wte| 25 |ETE| 50 | PRE| O 1

5. Credits: 4 ‘ 6. Semester: Autumn 7. Subject Area: PCC

N

8. Pre-requisite:  PP-211
9. Objective:  To impart knowledge on design and operation of various chemical processes.

10, Details of Course:

S. Ne. ' Contents Contact Hours |
1. Introduction: General overall design considerations, practical 5
consideration in design. project documentation; Codes and standards;
Desicn factors, engineering ethics in design, health and safery
hazards: Loss prevention, fault-tree analysis, environmental
protection, plant location, plant layout, plant operation ang control,
site selection, site layout; Patent considerations, significance of
process intensification; Industrial examples.
Process Diesign Development: Development of Design daizbase, 5
process design, process creation and process synthesis, process flow
diagrams; Piping and instrumentation diagrams, equipment design and
| specifications; Scale-up techniques '
3. Flowsheet Synthesis and Development: Flowsheet synthesis and &
development, process information, input/output structure. functions
diagram, operations diagrams, process flowsheet, principles of
algorithmic flowsheet. generation, comparison of hierarchical and
algorithmic results; Software use in process design, flowsheet analysis
and evaluation.
Cost analtysis : Cash flow for industrial operations, factors affecting

-112 - Qﬁ_
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|

investment and production costs, fixed and working  capital;
Estimation of capital investment for chemical and biochernical plants;
Cost indices cost components in capital investment; Methods for
estimating capital investrent; Estimation of revenue; Estumation of
total product cost; Break-even point, cut~over poiitt.

Engineering Economic and Profitability Amalysis: Interests, time
value of money, taxes, and fixed charges, various methods of
calculating depreciation, methods for profitability evaluation, cash
flow, rate of return on Investrnent, discounted cash-flow, capitalized
cost; Effect of inflation, alternative investments, replacements,
practical factors in alternative investments and replacement analysis.

Optimum Design and Design Strategy:

Overview of optimization  Processes, Optimization  solution
methodologies; Optimization applications; Economic balance in
process plants, economic optimumn conditions for processes and

| operations, optimum production rates, cychic and semicontinuous

operations; Economic pipe diameter equipments;, Pinch technology,
heat exchanger network, multiple pinches and multiple utilities,
targeting and super-targeting, threshold problems.

10

Materials and Fabrication Selection: Factors contributing  to
cortosion and its prevention, properties of materials, selection,
fabrication of equipment, selection for process equipments including
pressure vessels, estimating cost of equipments for chemicdl process

industries through graphs and equafions.
' Total

42

11. Suggested Books:

[ $. No.

Name of Books / Authors

Year of
Publication

Peters M.S., and Timmerhaué .K.D., “Plant Design and Economics for
Chemical Engineers”, 3 Ed., McGraw Hill.

2003

Simnot R.K., “Coulson & Richardson’s Chemical Engineering,.

Volume 6@ Chemical Engineering Design™, 6" Ed., Buiterworth
Heinemann.

2002

b

Smith R., “Chemical Process Design and Integration”, John Wiley.

2045

Kemp LC., “Pinch Analysis and Process Integration: A user Guide on
Process Integration for the Efficient Use of Energy”, 2™ Ed.,
Rutterworth Heinemann.

2047

Turton R., Bailie, C.R., Whiting, B.W., Shaeiwitz, J.A., Bhattacharyya
D..-“Analysis, Synthesis, and Design of Chemical Processes”™. 4™ Ed
Prentice Hall.

2012

Seider W.ID., Seader 1.D., Lewin DR, Widagdo, S.,. "Product and
Process Design Principies, Synthesis, Analysis and Evaluation”, 37
Ed., Wiley.

[
oo
[
NS
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8. Objective:

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

Polymer and Process Engineering

. Pre-requisite: Nil

NAME OF DEPTT./CENTRE:

1. Subject Code: PEN-356 Course Title: Financial and Management

' . Accounting

2. Contact Hours:  L: 3 : T: O P: 0

3. Examination Duration (Hrs.): + Thebry 3 Practical 0

4. Relative Weightage: CWS | 25 |PRS| ¢ |MTE 2;1 ETE; 50 | PRE| ©
5. Credits: 3 6. Semester: Spring 7. Subject Area: PCC

To familiarize the students with the system of financial reporting of a

busmess enterprise, and cost accounting information for managerial decision making.

10. Details of Course:

S. No. |

Contents

| Contact Hours

Financial Accounting:

1. Introduction to financial accounting; Generally accepted accounting | 3
principles, accounting convention and concepts; Revenue recognition
and measurement, maiching of revenues and expenses.

2. Inventory vzluation; Fixed assets and depreciation accounting; 2
[ntangible assets. '

3. Balance sheet and related concepts; Profit and loss account and related 4
concepts.

4. Accounting mechamics, basic records, preparation of financial 5
statements.

5. Analysis of financial sta{ements financial ratio analysis; Analysis 8
related to movement of funds.

6. Legal requirements relating to accounting and auditing. 2

IMianagement Accounting:

7. Structure and analysis of cost; Cost- volume—proﬁt analvsm 3

8. Budgets and budgetary control, framework for budgeting, types of 3
budgets. '

9. Standard costing and variance analysis; Elements of cost; Cost sheet; 8
Process costing.

10, | Accounting for pricing decisions; Differential costing: relevant and 4
irrelevant cost; Marginal costing
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11. Suggested Books:

S. No. A Name of Books / Authors Year of
Publication

1. Bhattacharya ., “How 0 Read Balance Sheet: An [LO Programine 2007
Book?, Oxford & IBH Publication.
- 2. Bhattacharya S.K. and Deardon 1., “Accounting for Management: 2005

Text and Cases”, Vikas Publishing House.
Grewal T.S., “Introduction to Accounting

> Suitan Chand.

4, Homgreen C.T. and Surdern  G.L., “Introduction 10 Financial
Accounting’”, 13" Ed., Prentice Hall. '
5 Shukla M.C., Grewal T.S. and Gupta M.P., “Cost Accounting Text
_Sultan Chaud [td. ' :

and Problems”
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

' NAME OF DEPTT/CENTRE: Polymer and Process Engineering
1. Subject Code: PEN-401 Course Title: Financial Management
2. Contact Houwss: L: 2 T 1 . P: 0
o ' | ]
3

. Examination Duration (Is.): Theory - Practical [ ¢

_Relative Weightage: CWS | 25 |PRS] ¢ |MTE| 25 \ETE 50 | PRE| ©

. Credits: 6. Semester: Autump 7. Subject Area: PCC

8. Pre-requisite: Nil

I

Lh

9. Objective: To acquaint the studenis with the planning and corfsrolhnU of the firm’s
financial resources with a view to maximize the firm’s wealth. - .

10. Details of Course:

S. Na. Contents Contact Hours

i
i
|

1. Aims and objectives of financial management. : 2
2. Concept of business and financial risk; Operating and financial pA
. leverage.
‘ 3. Investment and capital budgeting decisions: estimation of cash flows, o
capital budgeting technigues.
4, Cost of different sources of raising capital, weighted average cost of 6
capital; Concept of optimum capital structure.
5. Management of working capital. 2
6. Management of cash; Accounts receivable; Inventories; Accounts 5
payable.
7. Long term financing; Internal financing and dividend policy. 3
8. An Introduction to recent trends in Indian money and capital markets. 2
Total 25

11. Suggested Books:

| S. Ne. Name of Books / Authors Year of
Publication
1. | Mcmenamin J., “Financial Management: An [niroduction”, Prentice 1999
Hall of India. -116._-
2. Reddy R.J. and Reddy R.JIP. “Advanced cost and Management 204
Accounting”, APH Publishers.

3




3. Van Home, J.C., “Financial Management and Policy™, 12% Ed, 2008
Prentice Hall of India. '

4. Van Home, J.C and Wachowicz J.M., “Fundamentals of Financial 2808
Management”, 11" Bd., Prentice Hall of India. ,

5. Jain P.X and Khan M.Y., “Financial Management: Text, Problems and 2013

Cases”, 6" Bd., Tata McGraw-Hill Education Private Limited.

R
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Potymer and E?'mcess Engineering
1. Subject Code: PEN-402 Course Title: Operations Management
2. Contact Hours: L 2 T: 1 P. 0O

(Wh

Gyamination Duration (Hrs.): ~ Theory | 2 Practical :
_Relative Weightage: CWS | 25 |PRS) 0 MTE- ETE| 50 PREE

. Credits: 6. Semester: Spring 7. Subject Area: PCC

8. Pre-requisite: Wil

o

L]

9. Objective: To provide knowledge of Operations Management and its role in the total
enterprise management.

10. Details of Course:

[ S. Ne. Contents Contact Hours |
1. System concept; Role of operations management ii enterprise 2
management; Concept of product life cycle; Manufacturing strafegy.
2. Forecasting techniques; Facility location and layout. 6
3. Method study and work measurement; Concepts and principles of 4
value engineering,
4. Production scheduling and control; Aggregate production planning, 7

Tust in time: Materials requirements planning,

5. Project mmanagement: Introduction, Critical Path Method (CPM),
Project Evaluation and Review Techniques (PERT).

(93

6. Quality management: Statistical  Process  Conirol  (SPC), 4
henchmarking, Six sigma; Quality circles and introduction te ISO
2000.
7. Advanced manufacturing  technologies, JIT/TQC,  Synchronous 2
production. -
] Total | 28 B

11. Suggested Books:

'S, No. Name of Book / Authors ) Year of
Publication
1. Adams E. and Ebert R, “Prc;du_cti)i §Dij Operations Management”. 50 h 2008
B Ed.. Prentice Hall of India.

B



Buffa E.S. and Sarain- R K, “Modemn Production/Operations.

2. 2008
Meanagement”, 8" Ed., Wiley and Sons.
3. Ciaither N. and Frazier G., “Operations Management, g Ed, 2007
- Thompson Publishing. :
4. Heizer J. and Render B., “Operations Management”, 8" Bd., Prentice 2006
Hall. :
5 2097

Stevenson W.J and Hojati M., “Production Operations Management”,

1 o™ Ed.. McGraw Hill.

2
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NAME OF DEPTT./CENTRI=:

1. Subject Code: PEN-403 Course Titte: Marketing Management

[\

(S

I

(W]

oo

. Contact Hours: L: 2 T 1 P: 0

Fxamination Duration (Hrs.): Theory Practical
Relative Weightage: CWS PRS‘ 9 MTE ETEt 50 ¥ PRE| 0

. Credits: 6. Semester: Autumn 7. Subject Area: PCC

. Pre-requisite: MIL

(NDIAN INSTITUTE OF TECHNOLOGY ROORKEE |

Polymer and Process Engineering

9. Objective: To develop basic analytical skills, conceptual abilities and substanfive
knowledge in the field of marketing. :

10. Details of Course:

| S. No.

Contents

Coptact Hours

1.

Imtroduction: Critical role of marketing in organization/soclety;
Marketing planning & research.

2

Analyzing Marketing Opportugpities:  Analyzing marketing
environment; Consumer behavior; Industries and competitors.

Developing Marking Strategies: Segmentation and targeting;
Differentiation and positioning; New product marketing; Life cycle;
Designing marketing strategies; Advertising strategies, product and
brand management, Product hierarchy and classification, product mix
and product line decisions; Brand decisions, brand equity. brand
name, extensions, and brand strategy.

Marketing in Specific Aveas: Tnternational merketing; Indusinial
marketing; Services marketing,

Planping Marketing Programs: Punctional aspects; Pricing
decisions; Channel management; Sales force management,
Communicaiion and promotion decisions, advertising, direct
marketing, sales promotion and public relations; Internet marketing.

7.

Implementation & Control of Marketing Efforts: Organizing and
implementing marketing programs; Evaluafing and controlling
marketing performance.

(O]

Marketing Research: Problemydp@nition, cbjective setting, declsion

sroblem, and research probiem; Research desian, research mairix data
P ODIeylL, gn.

B




N “Global |

(el

el

" S. No. | Name_ofBoais ! Authors { Year of
Greenwood Publisher.
{ Kotler  p “Marketing
Ed., Prentice Hall Indja.
Kotler P, Kotler, L.B. and Armm
ynold P, “Management of |

| Dholakia N, V\f'olrhang F., Dholaki
Management  _ Analysig, T
A Song A.S., “Principles of Marketing™
Butterworth Heinemazm._

a R.R. and Mundrof
f E-Commerce and Online Markeiing,
g Planning,
Implementation and Contro}”, 128
Prentice Fall -
h E,ancaster P. and Re

Aarketing™ Elsevier ( 2005
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Polymer and Process Engineering
1. Subject Code: PEN-404 Course Title: Human Resource Management
_Contact Hours: Lt 2 T 0 P: 0

[N

. Examination Duration (Hrs.): Theory Practical 0
elative Weightage: CWS | 25 PRS) ] MTE[ 25 | ETE| 50 ‘ PRE| © |

. Credits: 6. Semester: Spring 7. Subject Area: PCC

8. Pre-requisite: NIL

I

h

9. Objective: To farniliarize the students with the various facets of management of human
resource and organizational behavior.

10. Details of Course:

| S.Ne. Contents Contact Hours
1 Concepts and perspective on human resource managerment; Role of 3
HRM in a competitive business environment, Environment affecting

HRM at the enterprise level, :

HR planning and job analysis; Recruitment, selection, placement,
induction and socialization of the employee. '

-
Led

Manpower training and development.
Appraising employee performance and potential evaluation.

HR accounting, inveniory and information system.

Cormpensation and reward administration; Grievance management.

SIENIESES
RN N S S o]

Collective bargaining, Trade unions; Industnal relation; Overview of
tabour laws.

?’3

T External environment of organizations, organizational design and 2
structure, departmentation.

190 Group dynamics; Leaderslup processes and styvles; Managing 4
organjzational change and development.

et
Yo

Organizational conflict; Stress management. 2

=122+




11. Suggested Books:

3. Ma.

Name of Books | Authors

C11Y Ed.,

Dessler G, “Framework for Human Resource Management”

Prentice Hall of India.
De Cenzo D. A., and RO
" B4, John Wiley.

Newsirom J.W. and Davis K., “Qrganizational Behavior: Human

Rehavior at Work™, Tata McGraw Hill .
Robbins S.P., “Organizational Behavior Concepts, Controversies,

Applications”, 12" Ed., Prentice Hall of India.

bhins S. P., “Human Resource Management”,

- 123 -
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT/CENTRE: Department of Polymer and Process Engineering

| Subject Code: PE-422 . Course Title: Numerical Methods & Optimization in
' Polymer Engineering

7. Contact I—'lliorurs: L 2. T4 ' P O

Examination Duration (Hrs.): | Theory Bractical|] ¢ '

(%]

4. Relative Weightage: CWS PR81 0 IMTE| 25 |ETE| 50 | PRE n
3. Credits: 3 6. Semester: Autumn/Spring 7. Subject Area: PEC
8. Pre-requisite: Nil

9. Objective: To provide knowledge on the numerical methods and optimization polymer
engineering
10. Details of Course:

' E No. Contents Contact
Hours
1. Approximations and Errors and Solution of Algebraic and 7

Transcendental Egquations: Types of errors; Significant figures;
Accuracy of numbers; Precision; Error propagation; Basic properties of
equations; Relations between roots and coefficients; Bracketing methods
(bisection, secant, method of false position or regula faisi); Convergence of
iterative methods; ]‘\Iewton—Raphson method, Newton-Raphson method for
non linear equations; Applications in polymer engineering

2 Solution of Limear. Equations: Matrix inversion; (Gauss elimination; 5
Gauss-Jordan method; Gauss-Seidel iteration method, Jacobi’s Method;
Gauss-Seidel method; Applications in polymer engineering,.

3. Curve fitting; Basic of finite differences & interpotation; Numerical 6
differentiation & integration; Ordinary differential equations; Partial
differential equations -

4. Basic concepts of process optimization and application 1o Various process |. 3
industries. '

3. Problem Formulation: Nature and organization of nonlinear optimization 7

problems; Development of models for optimization with equality or
inequality constraints; Degrees of freedom; Basic of optimization of
unconstrained functions; Linear programming;, Nonlinear Programming;
Giobal optimization for problems with continuous and discrete variables

' Total

- 124 - g—
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11. Suggested Books:

( S. No. Name of Authors /Book/ Publisher Year of
: ' B Publicaiion
i. Edger T.F., Himmelblau D.M., “Optimization of Chermi cal Processes”, - 2001
2" Ed., McGraw Hill.
2. Gupta S.K,, “Numerical Methods for Engineers”, 3™ Ed., New 213
Academic Science _
3. Nicholson T.AJ., “Optimization in Industry: Optimization 2007
Technigues”, Aldine Transaction.
L&.. Chapra S.C., Canale R.P., “Numerical Methods for Engineers”, 6" Ed., 2010

McGraw-Hill Higher Education,

2
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE ™ ™

NAME OF DEPTT./CENTRE: Depariment Polymer and Process
Engineering
1. Subject Code: PE-424 Course Title: Petrochemical Technology
2. Contact Hours: Lz 2 , 1 A P: 0
3. Examination Duration (Hrs.):  Theory | - 2z ~ Practical 0

4 Relative Weighiage CWS | 25 |PRS| ¢ |MTE| 25 |ETE | 50 |PRE| 0
.4
5. Credits: 3 : &. Semester: Autumn/Spring 7. Subject Area: PEC

8. Pre-requisite: Nil

9. Objective: To impart knowledge on petroleumn and petrochemicals produced from petrochemical
industries. '

10. Details of the Course:

S. Ne. Contents N Contact
Hours
1. Introduction: Origin, exploration and production of petroleurn; 4

Types, characteristics and products patiem of crudes; Engineering
aspects of refining; Crude heating; Storage and handling of crude
products. Lube oil and wax processing;.

I:\.)

Crude Processing Solvent extraction; Desalting; Dewaxing; 5
Deasphalting; Clay contacting; Principles, iechnologies  and
operating parameters;. Feed and product qualities and yields;
Asphalt manufacture; Product quality control; Air blowing
technology; Primary distillation; Separation of cuts; Gaps/
overlaps; Stripping; Heat balance in distillation; Energy input and
recovery, Vacuum distillation; Types of trays, Draw offs;
Intermediate product quality control; Fischer-Tropsch process

3. Peirochemicals Production and Utilization of Symthesis Gas: &
Generation of synthesis gas by steam reforming of naphtha and
natural gas; Fuel oil partial oxidation; Chemicals from synthesis
gas- methanol, formaldehyde, chloromethane, trichloroethyléne
and perchlotoethylens; Petrochemical —products based on
methane, cthylene, acetylene, propylere, butane, methanol,
VAM, acrylonitrile, isopropancl. propylene oxide, glycerine,
acrylonitrile, acrylic acid, butadiene.

i~

Separation and Utilization of Aromatics: General overview of 5
separation of aromatics- benzene, toluene and xylene; Alkylation
of benzene, Production of pthalic anhydride and synthetic
detergents, dyes and perfumes.

5. Synthetie  Fibras, Rubbers, Plastics, Resins from 6
Petrochemicals: General overview of methods of production of
HDPE. LDPE. polvester fibres 3BEER.

[N
GO

L Totai

&




.
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Nam# ef ﬁﬂmﬂ(‘)i‘n /B@@E&s f Pubhsaer Year of
Publication /
Reprint
1. Brownstein A.M., “Trends in Petrochemical Technology” 1876
Petroleum Publishing Company.
2. | Mall 1.D., “Petrochemical process technoiocry” Macmillan 2006
3. Meyers R., “Handbook of Petrochemicals production 2004
Processes” McGraw Hill Handbooks. '
4, Nelsop W.L., “Petroleum Refinery Engineering” McGraw Hill 1985
Publishing Company Limited. ' ' :
5. Watkins R.N., “Petroleum Refinery Distillation”, Znd Edition, 1981
- | Gulf Publishing Company, Texas.
6. Hobson G.D., “Modern petrolewn Refining Technolocy 5th 1684
Edition, John Wlley Publishers.




8. Pre-requisite: NIL

INDLAMINSTITUTE. W‘H:" 3 :32—%@%@“ Y- ROORKEE
NAME DEPT: Polymar & Process Enginesring
1. Subject Code: . PE-426 Course Title: Polymeric Fiber Technology
2. Contact Hours: L2 - T: 1 P 0
3. Examination Duration (Hrs.): o Theory| 2 Practical 0
4. Relative Vkightage: CWS | 25 |PRS] 00 |MTE| 25 |ETE| 50 | PRE| 00
5. Credits: 3 | 6 Scmester: Spring/Autumn 7. Subject Area: PEC

9. Objective: The course 1s intended to provide understanding about technology of polymeric

fibers.

190. Details of Course:

S. No. Contents Contact Hours

1. | Introduction: Structure, properties and morphology of fiber forming 4
natural and synthetic poltymers.

2. Processimg: Melt and solution spinning operation, general principles 6
of fluid flow, spinmng and extrustons, dry and wet spinning of fibers,
spinneret size, rate of extrusion, effect of spimning on filament
structure and properties; Die design.

3. | Post-processing: Post spinming, finishing, drawing and seat setting 4
operations, effect on orientation and crystalhzatlon heat settmo and
texturing, principles of setting of fibers and fabrics.

4. Characterization: Testing of fibers; density, birefringence, tensile, 6
moisture regain, dyeing mechanism, color fastness.

z Yarn Synthesis: Production of staple yarns of natural and synthetic 3
fibers. _

6. Production and ~Applications: Manufacturing methods  and 5
applications of fibers based on: polyethylere, polyamide,
polypropylene, polyacriloniirile, polyester, polylactic acid.

Total 28
1i. Suggested Books:
5. Ne. Mame of Authors /Books Publishers Year of
Publication

1. Gupta V.B., Kothart V.K., “Manufactures Fiber Technology™, 2003
Chapman and Hall.

2. Mark H.F., Atlas S M., Cemma E. “Man Made Fibres Science and 1868
Technology™, Wiley Interscience.

3, Moncrieff R.W.. * Man Made Fibres” | Havwood Books 1973

=128 - B
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L '_‘Vaid‘fa A, f‘Pr,oducno;u of Synthetic Fioers”, Prennce Halk:

- 2008 b

DeoplrawB. - L.,..Alagirusamy.-Ruy ~GUpta.-B.s-Joshi- M.,

' g;.ﬂt ‘::h.

- CRC Press.

Materials: Polyesrers and Polvaundes Woodhead Pubhshmg Ltd and

_,1br0us

2008
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INDIAN INSTITUTE OF TECHNOLOGY ROORKER
NAME QF DEPTT/CENTRE: Polymer and Process Engineering

1. Subject Code: PE-428  Course Title: Polymeric Nanomaterials

b

Contact Hours: L:2 k T 1 P. 0

Exam Duration (Hrs.): .. Theory Practical
4. Relative Weightage: CWS.», PRS [0 |MTE [25 |ETE PRE

5. Credit: 3 6. Semester:  Spring/ 7. Subject Area: FEC
Autumn

Ll

8. Prerequisite Nil

9. Objective: To impart knowledge of nanotechnology applications in polymer
industry.

10. Detaﬂs_of Coﬁrse:

S. Mo. | Contents ’ Contact Hours

1. | Intreduction: Advancement of nanocomposite, nanofillers;
Classification - of nanofillers, nanoclay, nanosilica, nanoparticles, 4
carbon based nanofillers; Synthesis and properties of fillers.

2. | Synthesis of Nanocompesiies: Direct mixing, solution mixing, in-situ 5

polymerization, ex-situ processing; Ceramic/polymer composiies;
Metal/polymer  nanocomposites; Modification  of .interfaces;
Modification of nanofillers.

(¥H]

Mechamical, Thermal and Optical Properties of Nanocompesites: 6
Stress-strain properties - tensile, modulus, -elongation at break:
Flexural properties; Load-carrying capability; Toughness; Impact
resistance; Relaxation behavior, Wear resistance; Thermal stability
and flammability; Dynamic mechanical thermal properties; Glass
transition; Electrical properties: Resistivity, permitiivity, breakdown
strength; Optical properties: Refractive index. transparency.

5. Morphelogical Aspect of Nanmocompesites: Characterization of 5
nanocomposites by XRD, TEM, AFM and FESEM.
6. Barrier Properties of Polymer Manocomposites: Permeation and | - 5

diffusion models relevant to polymer nanocomposites; Diffusivity,
sorption, permeability.

L2

7. Applications: Some examples of advanced applications of polymer
nanocomposites: Space, automobiles, defence and modern life.

Total 28

11. Su

r—h

54

5]
49
)

B

¢
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Year of

MName of Beok/ Anthors
: Tubhicafion

Mai Y.W., Yu ZZ., “Polymer Nanocompostes”,
Woodhead Publishing [imited and CRC Press LLC.
Ajayan P.M., Schadler, L.S., Braun, P.V., “Nanocomposite
Science and Technology” Wiley-VCH Verlag GmbH Co.
KGaA. '
| Nicolais L., Carotenuto G, “Metal-Polymer
\ Nanocomposites” Willy Inter Science
Sergeev-G.B., “Nanochemistry” Elsevier
Ke Y.C., Stroeve P, “Polymer-Layered Silicate and Silica
Nanocomposites” Elsevier ‘
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INDIAN INSTITUTE OF TECHNOLOGY R@@RKEE

NAME OF DEPTT./CENTRE: Dept. of Polymer and Process Engineering

1. Subject Code:  PE-430 Course Title: Molecular Simulation of Polymers
2. Contact Hours: - L: 2 T : P 0 ‘

3. Examination Durationr(Hrs.): Theory . 2 Practical 0.

4, Relative Weightage: CWS 25 |PRS 00 MTE | 25 | ETE 50 \

5. Credits: 3 6. Semester: Spring 7. Subject Area: PEC
8. Pre-requisiter + N
9. Objective: To provide knowledge of procedures of molecular

simulations and their apptications for pelymers

10. Details of Course:

modeling and

8. No.

Confents

Contact Bours

1

Introduction to Molecular Simulations: Concept of molecular
simulations and their applications; Polymer chain conformations; The
Gaussian chain, chain conformation under an external field; Excluded
volume effect and theta condition

3

W

Molecular Simulation Techniques — RIS-Monte Carlo (RIS-MC);
Rotational Metropolis-Monte Carlo (RMMC); Molecular dynamics
{(MD); On lattice and off-lattice Monte Carlo simulations; Monte carlo
Simulations in various ensembles; Molecular dynamics in various
ensembles.

Estimation of Dynamic Properties through- Molecular
Simulations— Concepts of primitive path and tube model; Simulation
protocols for determination of dynamic properties such as
entanglement length, tube diameter, contour length, etc; Models for
chain entanglement; Primitive path analysis through contour
length/energy minimization procedures.

Modeling and Simulations for undersianding Elasticity and
Photoelasticity (Birefringence-sirain) Relationships of Polymer
Networks: Relationships between stress-strain and birefringence-
strain with examples from PET Film networks, SBS/SIS thermoptastic
elastomeric networks and Poly-isoprene elastomeric networks.

Seope ard Applicaticus of 1 griable Molecular Simuiation

S

Software Packages- Employing sofiware packages such as DLPOLY,

B




LAMMPS, material studio, Z-code, to solve polymer design problems,
examples - entanglement length wvariation with chain length,
determining characteristic static (<R*>/M, etc) and dynamic properties
(tube diameter {ap), entanglement/contour length, etc) of some
commodity polymers such as PE, PET.

Total 28
11. Suggested Books:
S. No. Name of Books / Authors 4 Year of
. Publication
1 Daan Frenkel, Berend Smit, “Understanding Molecular Simulation: 1986
From Algorithims to Applications”, Academic Press.
pi P. J. Flory, “Principles of Polymer Chemistry”, Cornell University 1953
Press.
3. P. I. Flory, “Statistical Mechanics of Chain Molecules™, Interscience, 1985
4. W. L. Mattice, U. W. Suter, “Conformational Theory of Large 1964
Molecules: The Rotational Isomeric State Model in Macromolecular
Systemns”, Interscience.
5. M. Doi, S.F. Edwards “The Theory of Polymer Dynamics”, Oxford 1586
Science Publications, Clarenden Press.
6 1975

1 L. R. G. Treloar, “The Physics of Rubber Elasticity”, Clarendon

Press.

i
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DIAN ISTITUTE OF TECHNOLOGY ROORREE T ...

NAME OF DEPT: _'Pdiy-m'ér and ?rocess"En-géheéring

1. Subject Code:' PE-432: Course Title:  Polymeric Film & Packaging
o 2 Technology ‘

2. Contect Hours: LI 2

[UX

T 1 A S ,
Examiration Duration (Hrs-.): : Theory Practical
4, Relative Weightage: 'CWS PRMTE ETE PRE
Credits: - 6. Semesters Autumn/Spring 7. Subject Area: PEC

© 8. Pre-requisite: NIL

h

9. QObjective: The course will impart knowiedge of polymeric films and packaging materials
and theks Processing. .

10: Details of Course:

Contents Contact

Polymers for Films and Sheets: Structwe, properties and
morphology of film and sheet forming poLyIners.
Blown Film: Principle, technology and operation of equipment for
| processing of biown film, structure and properties of blown films.
Melt Processed Film: Materials, Processes, equipment and
machinery for melt processing  of film, effect of processing
paramneters’ on SGCHITe and properties of melt processed film
applications. '
Multi Layered Films: Materials and equipment for mulii layered
films, structure, properties and applications of films multi layered
films; Tetra-packs.
Packaging Materials: Types of packaging, fihm, sheet, and boxes,
jaminated packaging. packaging for electronic goods, commodity
materials, medicines and food products. '
Processing: Bquipment and machinery for processing of packagin,
1 atenials, ponciple, technology ‘and operation of equipment
coniomics of packaging; Die design for film making.

i |

Sugeested Books
Mame of Bo

Year pf
Publication

1., “Plastic Films”, Longmar.
Osgwald ., “Polymer Processing Fundamentals”
Gardnet.

Brooks D. Giles G (Eds).
Sheffield Academic Press.

, Hanser




agaron J ., "Multifunctional and

E_)‘l
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: Department of Polymer and Process
Engineering

1. Subject Code: PE-434  Course Title: Equipment Design
2. Contact Hours: L: 2 T: 1 pP: 0

. Examination Duration (Hrs.): Theory 2 Practical
4. Relative Weightage: CWS | 25 [PRS| 0 |MTE| 25 |ETE| 50 |[PRE| O
5. Credits: 3 6. Semester: Aufuinn/Spring 7. Subject Area: PEC
8. Pre-requisite: Wil

9. Objective:

vessels and storage tanks used in polymer industries.

10. Details of Course:

To impart knowledge of mechanical design aspects of vartous pressure

8. No.

Contents

Contact Hours

1.

Mechzanics of Materials: Stress-strain relationship for elasiic
bodies; Theories of failure; Thermal stresses; Torsion of solid and
hollow cylindrical shafts; Thin and thick cylinders under stress.

5

Pressure Vessels: Iniroduction of codes for pressure vessel design;
Classification of pressuwre vessels, Design of cylindricai and
spherical shells under internal and extemal pressure; Selection and
design of closures; Optimum length to diameter ratio of pressure

vessel using common types of closures; Design of jacketed portion
of vessels.

16

L

Tall Tower Design: Design of shell, skirt, bearing plate, and anchor
bolts for tall towers used at high wind and seismic conditions;
Examples of design of tall towers, such as bleaching towers, and
chimneyvs.

Storage Tanks: Filling and breathing losses, Classification of
storage tanks; Design of liquid and gas tanks; Design of storage
tanks for process industries.

Totai

25

R




11. Suggested Books:

S. No. o “Name of Books / Authors ' Year of

. . 7 Publication
1. —ownell L.E., Young HE, “Process Equipment Design” 2™ Ed., 2004
| John Wiley. _ - :
2. Rhattacharya B.C., «Introduction of Chemical Equipment Duasign”, 2003

CBS.Publishers.

Toshi M.V., Mahajani V. V., “Process Equipment Design”, MacMillan 1996

| india. = R

i 1.8:728?_5—1969 (Reafﬁrmed), “Code for Unfired Pressure Vessels”, 2607
B1S, New Delht. _

5. 1S: 803-1976 (Reaffirmed), “Code of Practice for Design, Fabrication 2006

and Erection of Vertical Mild Steel Cylindricel Welded Oil Storage
Tanks”, BIS, New Dethi.
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT./CENTRE: POLYMER AND PROCESS ENGINEERING

| Subject Code: PE-436 Course Title: Polymer Product Technotogy

[N

. Contact Hours: L: 2 T 1 ‘ B

xamination Duration (Hrs.): Theory . 2 Practical | 0

(W8]

4 Relative Weightage: CWS | 25 |PRS| 00 |MTE| 25 \ETE 50 | PRE

Lh

. Credits: 6. Semester: Spring/Autum 7. Subject Area: FEC

8. Pre-requistite: NIiL
9. Objective:  To provide knowledge of advanced polymer product technologies.

10. Details of Course:

| S. No. - Contents LContact Hours

1. Introduction: Processing of thermosetiing and thermoplastic high
performance products, 3D printing, polymeers in defense and aerospace
applications, computer aided product design, polymers in non-linear
optics, light emitting polymers, photovoltaic applications.

2. Advanced Thermoset Processing Technologies: Operating
principles, process controls and applications of Tesin transfer molding,
pultrusion, fitament winding, prepeg layup and compression moulding
of thermosets; Processing of unsaturated polymers: Polyesters, epoxy
resins, phenolics, potyurethanes, polyimides and polyaramides;
Reinforcements: Glass fiber, ararmd fiber, carbon fiber and nanoclay,
Dimensional stability and tolerance of thermoset products.

Advanced Thermoplastic Processing Techmnologies: Operating

L

principles, process controls and applications of reactive injection
molding and reactive exirusion; Processing of ihermoplastic polymers:
Ultra high molecular weight PE, Teflon, PEEK and polyunides; Fiber
spinning of vectran, kevlar, polyimides and polyaramides.
Electospinning process, Nano-impregnation, 3D-printing; Metal
nserts.

| 4 Polymers in Defense and Aerospace Applications: Criteria for |

— = I38= ‘

2




 fibre based composites in acrospace and defence applications,

polymeric coatings, polymer actuators.

defence and space standard polymenc materials, composites
applications and challenges for light weight design of aircraft structure
ond defence vehicles, self healing of fibre reinforced polymer
composites, shape memory alloys integraied into composites for
improved damage tolerance and lightening strike protection, carbon

multifunctional composites with carbon nanotubes and nanoclay for
space applications, polymers for ballestic protection, fire retardant

| Total 28
11, Sugg_esied Books:
| S. No. | Name of Books / Authors Year of
. _ Publicaiion
1. Chris R, “Polymer Extrusion”, 5th Edition, Hanser Publicatiops, 2014
Hanser.
2. Cheremisinoff N. P., “Advanced Polymer Processing”, 2™ Edition, 1998
Novyes Publications,
3. Shonaike G O, Advani S G, “Advanced Polymeric Materials”, CRC 2003
Press
4. Ajayan P. M., Schadler L. 5., Braun P. V., “Nanocomposite Science 2663
and Technology” Wiley-VCH
5. Wise ..., Wnek G. E., Trantola, D. J., Copper T. M., Gresser J. D, 1998
“Electrical and Optical Polymer Systems”, 1% Edition, Marcel Dekker
B inc.

.Q_
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_ — Appendin D
Item No. Senate/ 63.14

INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

| NA_ME OF DEPTT/CENTRE: DEPARTMENT OF MANAGEMENT STUDIES

1. éubj_éct Code: IBM- 312 Course Title: Data Mining for Business Intelligence -
2. Contact Hours: ' L 2 T: 1 P: 0 |

3. Examination Duration (Hrs.): Theory: 2 Practical: 0

4. Relative Weightage: CWS:25 PRS:0 MTE:25 ETE:50 PRE: O

5. Creﬁits:r 3 6. Semester. Both 7. Subject Area: HSSMEC
8. Pre-requisite: Nil

9. Objective: To impart knowledge on use of data mining techniques for deriving
business intelligence to achieve organizationat goals.

10. Details of Course:

S. No. Contents Contact hours

General Overview of Data Mining and its Components

Data Mining definitions, applications, origins, growth,

terminology and notation. Data Mining Process: core ideas, ,

1. overview of classification, prediction, association rules, 3

predictive analytics, data reduction, data exploration, data

visualization, supervised and unsupervised learning, and steps

in data mining.

Data Exploration and Preparation

Data Visualization: basic charis, multicimensional visualization,

2. and specialized visualizations. Dimension Reduction: Data 3
summaries, correlation analysis, and principal component

analysis '

Performance Evaluation

Judging classification performance: naive rule, class separation,

3 classification matrix, accuracy measures, cutoff, unequal

' importance of classes, and asymmetric misciassification.

Evaluating predictive performance: average, prediction

accuracy measures '

Supervised Learning Methods: Model Based Methods

4, Multiple Linear Regression, Logistic Regression: modaling, 4

evaluation, and analysis. ]

Supervised Learning Methods: Data-Driven Methods

k-Nearest Neighbors (k-NN), Classification and Regression

Trees: modeling, evaluation, and analysis. Neural Nets: concept

and structure, fitting a network fo data.

- 140 - &—
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Unsupervised Learning
Association Rules: A priori algorithm, support and confidence.

6. Cluster Analysis: distance measures, hierarchical clustering, 4
and nonhierarchical clustering.
Forecasting Time Series ,
Handling Time Series: time seties components, data
7 partitioning. Regression-Based Forecasting: model with trend, 4
) model with seasonality, model with trend- and seasonality.
Smoothing Methods: moving average, simple exponential
smoothing. '
Total 28
11. Suggested Books:
Year of
5. No. Name of Authors/Book/Publisher Publication/
Reprint
Galit Shmueli, Nitin Patel, and Peter Bruce, Data Mining for
1. Business Intelligence: Concepts, Techniques, and Applications 2015
in Microsoft Office Excel with XLMiner, Second Edition
lan H. Witten, Eibe Frank, and Mark A. Hall, Data Mining:
2. Practical Machine Learning Tools and Technigues, Third 2011
Edition '
3 Anand Rajaraman, and Jeffrey David Ullman, Mining of 2011
' Massive Datasets, First Edition :
4 Jiawei Han, Micheline Kamber, and Jian Pei, Data Mining: 2014
: Concepts and Techniques, Third Revised Edition
Foster Provost, and Tom Fawcett, Data Science for Business: -
5 What you need to know about data mining and data-analytic 5013

thinking, First Edition

15

- 141 -




INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT. /CENTRE: DEPARTMENT OF MANAGEMENT STUDIES

1. Subject Code: IBM- 313 Coursé Title : Project Management

2.  Contact Hours: L: 3 T: 0 P: 0

3. Examination Durétion (Hrs.): Theory: 3 Practical: ¢

4. Relative Weightagé: CWS: 25 PRS: 0 MITE: 25 ETE: 50 PRE: 0
5. Credits: 3 ~ 6.Semester: Both - 7. Subject Afea: HSSMEC
8. Pre-requisite: Nil

9.  Objective: To provide an integrative approach to management of projects,
detailing the concepts of various phases of the Project life cycle.

10. Details of the Course:

S.No. Contents Contact
- Hours

1 Definition of projects; Project life cycle / phases, stakeholders, 4
organization and skiils

2 Role of project manager, conflicts in projects and resolution, project 4
objectives / processes

3 Proposal engineering management; Project feasibility and appraisat 5

4 Project cost estimation and control; Project financing and managing 8
cash flows: Risk analysis in project

5 Project struciuring, planning and scheduling, resource scheduling 10

| and allocation; Project acceleration; Network approach
PERT/CPM, PERT/COST, GERT, simulaticn of networks

6 Project menitoring systems, line of balance 3
7 Contract management and structuring 4
8 Project management in production, services and construction 4

industries
Total 42

i
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11. Suggested Books:

S.No. ‘Name of Authors /Books/ Publisher TYearof |
' Publication /
: _ Reprint

1. Chandra, P., “Projects, Planning, Analysis, Financing, 2002
Implementation and control’,5" Ed., TMH’ 5

2. Maylor, H., “Project Management”, 2" Ed., Pitman 2000
Publication v :

3. Ghattas, R.G. and McKee, S.L., “Practicai Project. 2001
Management’, Pearson Education Asia

4. Pinto, P.K_, “Project Management”, Pearson Education 2009

5. Wyzocki, R.K. and McGary R., “Effective Project 2003
Management', Wiley :
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INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

NAME OF DEPTT. /CENTRE: DEPARTMENT OF MANAGEMENT STUDIES

—_—

©

Subject Code: IBM-314  Course Title: Financial Statement Analysis and Reporting
Contact Hours: L: 3 T 0 - P: _O

Examination Duration (Hrs.): Theory: 3 Practiéal: o 5
Relative Weightage: CWS:25 PRS:0 MTE:25 ETE:50 PRE:O0
Credits: 3 6. Semester. Both 7. Subject Area: HSSMEC
P_re—requisite: Nit

Objective: To impart knowledge of tools, techniques and approaches for financial
statement analysis based on qualitative and quantitative information.

10. Details of Course:

5. No. Contents . : Contact
= hours
Introduction: Economy, industry, company analysis 3 -

Annual Report: Content of annual report, quality of financial
reporting, reporting regulation in India for different types of entities, 5
directors’ report and auditor's report '

Understanding Financial Statements: Nature, objectives, uses,
limitations and stakeholders of financial statemenis , balance sheet 8
and income statement as per Indian Companies Act 1956

Financial Statement Analysis: Sources of information, tools and

techniques of financial statement analysis 9
Ratio Anaiysis: Nature, importance and types of ratios, Dupont 4
analysis
Distress analysis: Need for corporate failure analysis, concepts on
sickness, distress, failure and insclvency, stages, signals and 2
symptoms of financial distress
Reporting: Report preparation of financial statement analysis 9
Combinations and Consolidaticn: Types of business
combinations, consolidated financial statements, intercompany
transactions and profit confirmations, minority interest, consolidated 5
net income and consolidated retained earnings, changes in
ownership
Ethical issues in financial reporting: Window dressing, recant 4
scandals in financial reporting

' Total 42
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11. Suggested Books:

| S. No. “Name of Authors/Book/Publisher Year of |
' ' Publication
: . { Reprint

1. Ormiston, Aileen, Fraser and Lyn, M., “Understanding Financial 2014
Statements”, Sth Edition ,Prentice Hall of India

2. Gupta, Ambrish, "Einancial Accounting for Management - An 2042
Analytical Perspective”, 4th Edition, Pearson Education.

3. Narayanaswamy, R., “Fimancial Accounting — A Managerial 2015
Perspeciive”, 5th Edition , Prentice Hall of India

4. Subramanyam, K. R. and John, JW., “Financial Statement 2014
Analysis”, 12th Edition, Tata McGraw Hill .

5. Penman, S.H. ‘Financial Statement Analysis and Security 2014
Valuation”, 4th Edition, Tata McGraw Hill

6. Erich, A. H., "Techniques of Financial Analysis. A Guide to 2014

| Value Creation”, 16th Edition , Tata McGraw Hill

B
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Appendix ‘G’
Item No. Senate/ 63.19
AGREEMENT EXECUTED BETWELN

THE DONOR FOR SCHOLARSHIPS/AWARDS/PRIZES AND
THE DIRECTOR, INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

Fel. bETES
An agreement magg; on 22 jﬁ’ffif ..... month of Two Thousand Ehwteen
between AN SENALGLTTAL... r881d1ng at JULSEE 8, €HF95 AT TERSHE ;

(Hereinafter called “Donor” which expression shall include his/her legal representative(s) and Gz

assignees of the one part) and the Director, Indian Institute of Technology Roorkee (herein called
the Director, which expression shall include his legal representative and assignees of the other
part).
A

Whereas a Scholarship/Award/Prize fund has been created by the Indian Institute of Technology
Roorkee with the object and purpose to help the deserving and meritorious students of the Institite
by way of instituting scholarships/awards/cash pnzes/fellowshlps on merit-cum-means/merit basis
and the donor desires to donate a sum of ...t 72,0820 .. for the institution of one
scholarship at the Institute in the name of “Xrvrviriiierieeiiriiiirsnnenens ?, The Director has
agreed to accept the donation on the terms and condmons contained herein.

# Pase De. S R.Gupia Meteris ScrveseSp

(1) The Donor desires that the scholarship be instituted as follows:
Candidate(s) Eligibility, Number and Name of Scholarships, Criterion and Amount

.
Name of Scholarship “ﬁ&”

Eligibility Numbers of Criterion Amount (Rs.)

DPescription Scholarships
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(2) Name and Address of a person who will represent the Donor in his absence

: o
2 = s I e
Full Name &AS’F//}I{{\{{( 62/1”}/@ Occupation SEEVECE e

PR / '/:f;?ﬁf £ £ G ;’_,5 " .
Address - for Sce § L GE7E FATTEESHE MY, GERPIANY

-------------------------------------------------------------------------

Telephone No:r: "ﬁ? c?’ ét(?é g?} 5’2?2 Email ‘. 5’;7/? Sﬁﬁ/{m‘”’ Gb’ﬁfﬁ@ Jhee. (ot

£477 - FFCLGE SELL]

IT IS HEREBY AGREED between th pax:;ciesq}le eto jthat in consideration of the sum of (in
figure) ./ R0 (in words)fs i i ;Zé:d:»:i.fz’»:‘c?ﬁ”‘iﬁmy given by the Donor to the
Tnstitute (the receipt of which the Institute hereby acknowledges), the Donor hereby agrees with
the Director:

1. That the Director shall be free to frame the rules and regulations for institution of the
scholarship with the value of the award depending on the income of the Trust and for
carrying on the purpose and objects of the Trust.

2. That the Director shall have the power to invest the amount of donation as he considers
proper and just for the furtherance of the purposes and objects of the Trust with some
scheduled/nationalized bank or a Government undertaking against Fixed Deposit
Receipt/Bonds yielding high rate of interest so as to get the maximum amount for the
award.

3. That the scholarship will not be awarded on the basis of caste, creed, religion and
region.

4. That the decision of the Director regarding the rules and regulations of the Trust or
value of the award shall be final and shall not be questioned or challenged in any coust

of law by the Donor or his representatives and assignees.

In witness, where-of, the agreement has been signed by me in the presence of the following

witnesses:
Nl = W —
LS50 P /E .
Date.. 700 . N roref Signature of the Donor/
‘ Representative
I /‘“:
I o f e 3T
TR AT A . e Ty T
Full Name u“’i LTRSS Occupation J{(})“‘ O

il - 'Q e s P e e T ‘/j?f_:"é?;_ )
Address — .f.iz’*.-ii-..;:{’f‘:@:.,wa.ﬁe.,.;..fazﬁ*.;{i?'::{,..«;/fff‘%.i.i.-f.ﬁ:a?.i“t”{%fi'i/{.;..:«?.f:“’.”fi’."f ity
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(For Donor) ,_j,p .
WITNESS No. 1 X o ﬁ{
Signature of the Witness

SHASHAME. LPTR oo

Telephone NO .. .vvererriasanssissrnns

WITNESS No. 2
Signature of the Witness

ﬂ.’ Ry
FULL NAME .....&0 . s LY
ADDRESS ..\ vereeessersrrrereeterenmssremaesomiarssiersasiarntnttansiisasnsisesants sy rnenes
Telephone NO veeeriasemeraracesinn EmMAil sesesensessasmrsassronrorsns

RS

(Prof. Pradipta Banerji)
DALCrrrnnecererrmsareennesesansasn DIRECTOR
IIT ROORKEE

(For Institute) |
WITNESS No. 1
Signature of the Witness

crof. Sandeep Sing
Dean Alumii Affairs and 1
Date...eeeiciicnrosssarasasnanas Indian Institute of Tec

Roorkae - 247 667, Uil YA
FULL NAME e itinciit et sase s
ADDRESS  ceviierenreesnsurnrsnsnssrissanersansiaiensaastaistosnstasries

Telephone NO  veeeeversecsrssissanaasersnsutunnnmmosssnannnannsrssasenenesrnees

WITNESS No. 2 *“\g* )
Signature of the Witn p— AT

FULL NAME ......d
ADDRESS
Telephone NO  civereneerasssenmmninesenensinmannmmaceccontiane
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Appendix ‘H’
Item No. Senate/ 63.20
AGREEMENT EXECUTED BETWEEN

THE BDONOR FOR SCHOLARSHIPS/AWARDS/PRIZES AND
THE DIRECTOR, INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

Fjleen

1%
An agreement made on D‘_ ............ day:t AL month of Two Thousand Herteen
between SR INBPA FRARASH uPTA . | residing atthRIPLARAVAL) NEIGHTS . SECTOR M=

(Hereinafter called “Donor” which expression shall include histher legal representative(s) and €
assignees of the one part) and the Director, Indian Institute of Technology Roorkee (herein called

the Director, which expression shall include his legal representative and assignees of the other
part). GO FARMDARAD | 1o, WA A

Whereas a Scholarship/Award/Prize fund has been created by the Indian Institute of Technology
Roorkee with the object and purpose to help the deserving and meritorious students of the Institute
by way of instituting scholarships/awards/cash prizes/fellowships on merit-cum-means/merit basis
and the donor desires to donate a sum of {NR. 452,000 /2. .. for the institution of one
scholarship at the Institute in the name of “SM1.. 68N DEVI...... . The Director has
agreed to accept the donation on the terms and conditions contained herein, :

(1) The Donor desires that the scholarship be instituted as follows:

Candidate(s) Eligibility, Number and Name of Scholarships, Criterion and Amount

N. T Scholarship “iuiuissssrsesessssensesrossncsues pogroeanos ” b

b . o1 DET FEAVE L CEARA O THTERNSHIT
Eligibility Numbers of Criterion Amount (Rs.)
Description Scholarships
;;zv:tj Fult Time | - PNE. . o be decrded by |- .Sfjlw@/r_.
Gheleont™ 8 Yaackre, 3T,
TIT, Y mer e P\m"}u&
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Full Name S0l GUPTA Occupation Padored Gmbe. Wpecr
nddress . R0k, AMAVAL). MBI e SECRE. 206 b DeABAD D157
Telephone Nod4L, dATPERSL. Email SuSHILANITAITA B yafve - G

IT IS HEREBY AGREED between he parties heretg that in consideration of the sum of (in
figure) 4P 288 =.... (in words)ﬁg..ﬁ?%.[&%. 4t ...M.Wﬁly given by the Donor to the
Institute (the receipt of which the Institute hereby ac nowledges), the Donor hereby agrees with
the Director:

1. That the Director shall be free to frame the rules and regulations for institution of the
scholarship with the value of the award depending on the income of the Trust and for
carrying on the purpose and objects of the Trust.

9 That the Director shall have the power to invest the amount of donation as he considers
proper and just for the furtherance of the purposes and objects of the Trust with some
scheduled/nationalized bank or a Government undertaking against Fixed Deposit
Receipt/Bonds yielding high rate of interest so as 10 get the maximum amount for the
award.

3 That the scholarship will not be awarded on the basis of caste, creed, religion and
region.

4. That the decision of the Diréctor regarding the rules and regulations of the Trust or
value of the award shall be final and shall not be questioned or challenged in any court
of law by the Donor or his representatives and assignees.

¥

In witness, where-of, the agreement has been signed by me in the presence of the following

witnesses: ,
. Q o
—t ¢
Date..| 2. 52 5. Signature of the Donor/
Representative

Full Name Ipdeyg Ipdkdsl (0P, Occupation L A
Address — 47 Do hMQJ“M@"E}M G2 ,WJD‘Q’W -l
Telephone No. 09 9993“%} 04)....... Email %'\}?ﬁfbMWﬁ &%)?ﬁ’@yﬁ Hi 8
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A

(For Donor) 4 |

WITNESS Ne. 1 U,.W’ ) —

Signature of the Witness Date.. 2B S e

FULL NAME o S0 FH I GO ——

ADDRESS Do 7ox.. heanah Yerlr . 206 i plabesd

Telephone No 9320 F4406.1.... Email SOENLANITA X Pra. B yem,

WITNESS No. 2 N |

Signature of the Witness K< J oo Date.. | 2ol S

O

FULL NAME .. J2 AT SRR LTS

ADDRESS .Br. SO2. . SR EATIHE.YL T e R N e AR ey -tz 1a?
& i

. Co ; > C o “"’ﬂ — " I A .
Telophone No . 18G5 103260 Bmail . Zeaffe. ( C(j”w”wl‘ o

(Prof. Pradipta Banerji)
DALC.rennnreremeareenmnanareassrane DIRECTOR
1T ROORKEE

(For Institute)
WITNESS No. 1
Signature of the Witness

FULL NAME e e
ADDRESS  teveccecesserserranscsusrosatsetastasrsaanniiiisannsssssannies
Telephone NO  ceviaerssseesssssinmesesssnssinmmsarsrsissinmsssssennsssnsnreses

WITNESS No. 2
Signature of the Witness

DAL, vuearrancssaoracenssansones

FULL NAME  teuceccscrarerassrssracmmnasssssnnssnuasnessaases

ADDRESS  eieececcsseressssnssessnsanonsanisianasrassssane

Telephone MO cersvecsssensansureanmessenrasnremmasensantress

Fax, . veeeeenesn U T PP PSSP PP PPEPES Eetn121] veeveevesncassnonccnoasasnsnsransasersess
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