Sant Gadge Baba Amravati University Amravati
Syllabus Prescribed for Three Year UG/PG Programme
Programme: B.Sc. with Petrochemical Science

Semester 5
Code of the Course /Subject Title of the Course/Subject (Total Number of Periods)
PCH(5S) -T Petrochemical Science 5S 84

COs

By the end of the course, the student will be able to:
1. Understand the role and importance of catalysts in refinery processes to convert crude oil into final petroleum
products or feed stocks for other processes

N

Understand the manufacture, properties, specifications, quality control and applications of Waxes/Bitumen/Greases

3. Apply the concepts, mechanism in promoting the efficient use of raw materials and resources while controlling the
pollution from refinery operations through improve air and water qualityas well as decreases use of toxic substances.
4. Apply the concepts for suppression and prevention of disasters in the industry.

o

Understand the economics involved in the industry.

6. Understand the depleting resources and explore the future trends and requirements in the field

Unit Content
Unit | Catalysts in petroleum refining and petrochemical processes
e Introduction
¢ Homogeneous and heterogeneous catalysts
e  Catalysts morphology and activity
e  Catalysts for petroleum refining
o Cracking catalysts
o Reforming catalysts
o Hydro-treating catalysts
e  Catalysts for petrochemical Industry
o Catalysts for synthesis gas
o Hydrogenation catalysts
o Hydrocarbon oxidation catalysts
o Polymerization catalysts
e Recent advances in industrial catalysis (14 Periods)
Unit 11 Unit-1I: Waxes/Bitumen/Greases
e Petroleum Waxes
o Typesand Sources of waxes
= Paraffin waxes
= Microcrystalline waxes
o Important properties of petroleum waxes
o Manufacture of petroleum waxes
= Chilling and pressing process
= De-waxing with solvents
= MEK de-waxing process
o Uses of petroleum waxes
e Bitumen
o Bitumen
o Asphalts
o Classes of Bitumen
o Quality specification of bitumen
o Uses of Bitumen
e Greases
o Type of greases
o Manufacture various type of grease
o Properties, testing and uses of grease (14 Periods)
Unit 1N Pollution control in petroleum refineries and petrochemical processing units
e  Definition of pollution
e Kinds of pollution
e Air pollution
o Sources of air pollution in refineries and petrochemicals
manufacturing units
o Air pollution control techniques and options
e Water pollution
o  Sources of water pollution in refineries and petrochemicals
manufacturing units
o Control of Water pollution
o Indian standards for liquid effluents and Inland surface water (Most
considerable characters like TSS, pH, TDS, BOD, COD, DO,
Temperature, sulphates, chlorides, sodium.)
e Soil pollution
o Sources of soil pollution in refineries and petrochemicals
manufacturing units
o Soail pollution control techniques (14 Periods)
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Unit IV Safety in petrochemicals industries

¢ Inflammable material ;- Physical properties, Safety, Precaution, handling
transportation and storage, fire safety

e Specific hazards:- Fire explosion Hazards in refineries and petrochemical
industries(Fire prevention and fighting )

o Health safety :- Personal protective equipment selection, use and handling

(14 Periods)

Unit V Measurement of Quantity of petroleum  products

e Tank dipping, Volume correction , Density correction

e Plant management and Economics of petroleum industries
o Cost of equipment

Cost of plant

Operating cost

Product cost

Profit and product price

Taxes and duties

O O O O O

o  Energy Audit of petroleum industries
o Electricity audit
o Thermal audit (14 Periods)

Unit VI Future of petrochemical
¢ Integrated petrochemical complexes
e Energy crises and the petrochemical industry
o Natural gas as petrochemical feedstock
o Impact of heavy feedstocks on petrochemicals
o Ecology and energy crisis
o Coal as an alternative to oil
e Energy crisis and the industrial fuels
o Natural fuels
o  Synthetic fuels
o Hydrogen: Fuel of tomorrow
o Bio-Fuels
e Trends in petrochemical industries (14 Periods)

*SEM-III

1. Study catalysis in the refinery operations.

2. Selecting catalyst composition for particular conversion process

3. Optimizing process parameters considering feed and product composition & characteristics
4. Visualization of feed treatment and product stream treatment

5. Visualization of separation processes required

6. Planning the best possible use of by-products produced
7. planning to minimize the health hazards from pollution as well as safety

COs:

By the end of this module , student will be able to:

1. understand and plan the configuration of set of processes to convert residual hydrocarbons to valuable
streams using various catalysts

2. separate different refinery streams and find their suitability as a feed stock for different processes-
treatment techniques to convert it to high value products/feed stocks

**Activities Class tests, assignments, Flow diagram of processes, Project,
Survey, Group discussion, Industrial visit, or any other
innovative pedagogical method.

Any two activities be conducted from above. Class tests are
compulsory. Equal weightage for each activity.

Course Material / Learning Resources

Text books:

1. Petroleum refining and Petrochemical. N. K. Sinha, Umesh Publication Delhi

2. Advance Petrochemical, Dr. G. N. Sarkar, Khanna Publication, Delhi

3. Text on Petrochemical, Dr. B. K. Bhaskararao, Khanna Publication, Delhi

4. Introduction to petrochemical, Sukumar Maiti

5. Fuels and combustion, Samir Sarkar,, Orient Longman Ltd. Hyderabad

6. Modern Petroleum Refining Processes, B.K. Bhaskara Rao, Oxford and IBH Publication, New Delhi
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Reference Books:

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)

11)
12)
13)
14)
15)

16)

Chemistry of petrochemical processes 2™ edition by Sami Matar , Lewis F. Hatch Gulf publishing company
Fundamentals of Petroleum and Petrochemical Engineering by Uttam Ray Chaudhuri CRC press

Hand book of petroleum Processing Edited by David S. J. “Stan” Jones and Peter R. Pujado Springer

The Chemistry and technology of Petroleum 4™ edition by James G. Speight CRC Press

Catalyst and chemical process, Ronald Pearcc and William R. Patreson ,Leonard Hill, Glasgow

Systematic Experimental Physical Chemistry, S. W. Rajbhoj, Dr. T. K. Chondhekar, Anjali Publication, Aurangbad
Advance Petroleum Refining, Dr. G. N. Sarkar, Khanna Publication, Delhi

Petroleum Refining technology, Dr. Ram Prasad, Khanna Publication, Delhi

Unit Operation I, K. A. Gavhane. Nirali Publication, Pune

Basic Organic Chemistry, Part 5, Industrial Product, J.M. Tedder, A. Nechvatal, and A.H. Jubb, John Wiley,
London

Industrial Organic Chemistry, K. Weissermel, and H. J. Arpe, Veriagchemie, New York
Chemical From Petroleum, A.L. Waddms, Murry, London

An Introduction to industrial organic chemistry, P. Wiseman, Applied Science, London
Modern Petroleum Technology, G. D. Hobson, John Wily, Chichester

Chemical from Synthesis Gas, R. A. Sheldon, B. Reidel publication company, Dordrecht

Petroleum Refining Technology & Economics, James H. Gary, Glenn E. Handwerk, Marcel Dekker, Inc.

Weblink to Equivalent MOOC on SWAYAM if relevant:--
Weblink to Equivalent Virtual Lab if relevant:--

Any pertinent media (recorded lectures, YouTube, etc.) if relevant:--
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Sant Gadge Baba Amravati University Amravati
Syllabus Prescribed for Three Year UG/PG Programme
Programme: B.Sc. with Petrochemical Science
Semester 5

Code of the Course / Subject Title of the Course/Subject Number of Lectures/Week

PCH(5S)PR Petrochemical Science 5S 06

COs:

By the end of the laboratory / Practical Course students will able to

1. Understand the water quality and its implications
2. Determine the calorific value of the petroleum products
3. Determine the consistency of petroleum samples like grease and bitumen samples and their significances
4. * List of Practical/Laboratory Experiments/Activities etc.
1 Determination of pH of soil (Soil near any chemical laboratory waste outlet).
2 Determination of B.O.D. of given sample
3 Determination of C.O.D. of given sample
4 Determination of D. O. of given sample
° Determination of hardness of given water sample
6 Determination of Calorific value of given sample
7 Cone penetration index of grease
8 Needle penetration index of bitumen
9 Determination of ash content in given grease sample
10 Determination of softening point of bitumen by ring and ball apparatus

Distribution of Marks for Practical Examination
Time: 04 hours ( One DayExamination)

Total Practical Marks 50, Duration of Exam 04 Hours

Internal Practical Exam( 25 Marks) External Practical Exam (25 Marks)

Attendance, Students Performance, Activity [Experimentl

Performance/Demonstration: 10

,Practical Record Book/ Laboratory Manual Experiment2

Performance/Demonstration: 10

/JournalReport: 20 X
External Viva (by External and Internal
Internal Viva/Assignment/Quiz/Test: 05  [Examiner): 05
Total:25 Total:25
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Sant Gadge Baba Amravati University Amravati
Syllabus Prescribed for Three Year UG/PG Programme
Programme: B.Sc. with Petrochemical Science
Semester 6

Code of the Course / Subject Title of the Course / Subject Total number of Lectures

PCH(6S)T (DSE-la)

Petrochemical Science 6S

Petroleum based polymer(DSE-1a) 84

COs:

By the end of this module student will be able to:

1. Understand the polymerization kinetics, and polymer technologies.
2. Understand the unique properties of polymers that make them ideal for wide range of applications.
3. Study the recent developments in the field of polymer technology that revolutionized the field of material

science.

Unit

Content

Unit |

Unit-I : Basic concepts in polymerization

e What are polymers
e How are polymers made
e Classification of polymers
o Homo and Co-polymers
e  Polymerization techniques
o Bulk
o Solution
o Suspension
o Emulsion (14 Periods)

Unit 11

e Introduction of synthetic petroleum based polymer
o General physical properties of polymer
o Thermoplastic and Resins
o Thermosetting plastics
o  Synthetic rubber
o Synthetic fiber (14 Periods)

Unit I

e Ethylene (C2) and propylene (C3) polymers

e  Chemistry(reaction mechanism , catalysts), properties, manufacture (Flow scheme,
and operating variables) and applications of
o High Density Poly-Ethylene (HDPE)
o Low Density Poly-Ethylene (LDPE)
o Poly propylene
e Introduction to Ethylene- Propylene co-polymers (EPM rubber) (14 Periods)

Unit IV

e C4based polymers

e  Chemistry(reaction mechanism , catalysts), properties, manufacture (Flow scheme,
and operating variables) and applications of:
o Poly butylenes (Butyl rubber)
o Di-iso butylenes
o Poly butadiene
o Poly isoprene
o Poly chloroprene(Neoprene)
e Introduction to
o Butadiene- Styrene co-polymers (SBR)
o Butadiene- Acrylonitrile co-polymer (ABN) (14 Periods)

Unit vV

e  Vinyl and styrene polymer
e  Chemistry(reaction mechanism , catalysts), properties, manufacture (Flow scheme,
and operating variables) and applications of:

o Poly vinyl chloride (PVC)
o Poly vinyl acetate (PVA)
o Polystyrene

e Introduction to co-polymers of styrene
o Acrylonitrile —Butadiene-Styrene co-polymer (ABS)
o  Styrene-Acrylonitrile co-polymer (SAN) (14 Periods)

Page5of 10




Unit VI e (Condensation polymer
e  Chemistry(reaction mechanism , catalysts), properties, manufacture (Flow scheme,
and operating variables) and applications of:
o Nylon-6
o Nylon- 6,6
o  Phenol-Formaldehyde resin
o Urea-Formaldehyde resin
e Introduction to

o Nylon-6, 10

o Nylon-12

o Nylon-11

o Saturated polyesters

o Unsaturated polyesters (14 Periods)

*SEM-III

1. Strong foundation in the polymer chemistry and materials science

2. Proficiency in characterization techniques

3. Knowledge of various polymer processing techniques

4. Ability to design and engineer polymer materials and products to meet specific performance requirements
5. Strong problem solving skills for issues related to polymer materials, processes and products

COs:

By the end of this module , student will be able to:

1. Understand polymer physics, rheology, polymer blends, composites for developing and optimizing polymer
materials.

2. troubleshoot the issues related to polymer materials, processes and products

3. manage quality control as well as projects effectively related to polymers.

**Activities Class tests, assignments, Flow diagram of processes, Project,
Survey, Group discussion, Industrial visit, or any other
innovative pedagogical method.

Any two activities be conducted from above. Class tests are

compulsory. Equal weightage for each activity.

Course Material/Learning Resources
Text books:

ocourwdE

Petroleum refining and Petrochemical. N. K. Sinha, Umesh Publication Delhi

Advance Petrochemical, Dr. G. N. Sarkar, Khanna Publication, Delhi

Text on Petrochemical, Dr. B. K. Bhaskararao, Khanna Publication, Delhi

Introduction to petrochemical, Sukumar Maiti

Fuels and combustion, Samir Sarkar,, Orient Longman Ltd. Hyderabad

Modern Petroleum Refining Processes, B.K. Bhaskara Rao, Oxford and IBH Publication, New Delhi

Reference Books:

Chemistry of petrochemical processes 2™ edition by Sami Matar , Lewis F. Hatch Gulf publishing company
Fundamentals of Petroleum and Petrochemical Engineering by Uttam Ray Chaudhuri CRC press

Hand book of petroleum Processing Edited by David S. J. “Stan” Jones and Peter R. Pujado Springer

The Chemistry and technology of Petroleum 4™ edition by James G. Speight CRC Press

Catalyst and chemical process, Ronald Pearcc and William R. Patreson ,Leonard Hill, Glasgow

Systematic Experimental Physical Chemistry, S. W. Rajbhoj, Dr. T. K. Chondhekar, Anjali Publication, Aurangbad
Advance Petroleum Refining, Dr. G. N. Sarkar, Khanna Publication, Delhi

Petroleum Refining technology, Dr. Ram Prasad, Khanna Publication, Delhi

Unit Operation I, K. A. Gavhane. Nirali Publication, Pune

10) Basic Organic Chemistry, Part 5, Industrial Product, J.M. Tedder, A. Nechvatal, and A.H. Jubb, John Wiley, London
11) Industrial Organic Chemistry, K. Weissermel, and H. J. Arpe, Veriagchemie, New York

12) Chemical From Petroleum, A.L. Waddms, Murry, London

13) An Introduction to industrial organic chemistry, P. Wiseman, Applied Science, London

14) Modern Petroleum Technology, G. D. Hobson, John Wily, Chichester

15) Chemical from Synthesis Gas, R. A. Sheldon, B. Reidel publication company, Dordrecht

16) Petroleum Refining Technology & Economics, James H. Gary, Glenn E. Handwerk, Marcel Dekker, Inc.

Weblink to Equivalent MOOC on SWAYAM if relevant:--
Weblink to Equivalent Virtual Lab if relevant:--

Any pertinent media (recorded lectures, YouTube, etc.) if relevant:--
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Sant Gadge Baba Amravati University Amravati
Syllabus Prescribed for Three Year UG/PG Programme
Programme: B.Sc. with Petrochemical Science

Semester 6
Code of the Course / Subject Title of the Course / Subject Total number of Lectures
PCH(6S)PR (DSE-la) oractionl (e on DAEIA 25 sessions

COs:
At the end of the Lab/Practical course, the student will be able to:
1. Identify and compare the boiling range of petroleum samples
2. Determine the volatility of petroleum samples
3. Determine the corrosivity of petroleum samples
4. Calculate and compare the unsaturates present in the particular petroleum fraction
5. Calculate the molecular weight of plastic materials

* List of Practical/Laboratory Experiments/Activities etc.

1 Preparation and melting point determination of Nylon-6
2 Preparation and melting point determination of Nylon-6 ,6
3 Preparation and melting point determination of polystyrene
4 Preparation and melting point determination of Phenol-formaldehyde resin
> Preparation and melting point determination of urea -formaldehyde resin
° Molecular weight determination of plastic material
7 Determination of saponification value of plastic material
8 Determination of acid value of plastic material
9 Determination of bromine number of plastic material
10 Study of vulcanization of rubber using sulfur powder
11 Preparation and melting point determination of some rubber materials
Distribution of Marks for Practical Examination
Time: 04 hours( One Day Examination)
TotalPracticalMarks50,DurationofExam04 Hours
Internal Practical Exam (25Marks) External Practical Exam(25Marks)
/Attendance, Students Performance, Activity, Practical Experimentl
Record Book /Laboratory Manual/JournalReport :20 Performance/Demonstration: 10
Internal Viva /Assignment / Quiz / Test: 05 Experiment2

Performance/Demonstration: 10
External Viva (by External and Internal
Examiner): 05

Total:25 Total:25
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Sant Gadge Baba Amravati University Amravati
Syllabus Prescribed for Three Year UG/PG Programme
Programme: B.Sc. with Petrochemical Science
Semester 6

Code of the Course / Subject Title of the Course / Subject Total number of Lectures

Petrochemical Science 6S
Instrumental Techniques and Equipment
for Petroleum and Petrochemical Product

Characterization(DSE-1b)

PCH(6S)T (DSE-Ib) 84

COs:
By the end of this module student will be able to:

1. Understand various testings and characterization techniques to analyze the properties of polymers, by
using spectroscopy, NMR, UV, IR, GLC, HOLC etc.

2. Understand the mechanisms of heat transfer
3. Understand the concepts of heat transfer
4. Understand the multicomponent separation of petroleum

Unit Content

Unit | e SPECTROSCOPY-1I

e Introduction to
o Electromagnetic radiations
o UV-Visible, Infra-red region
o Electronic spectrum and absorption radiations
o Definition of spectroscopy
o Difference between absorption and emission spectroscopy
e  Principle, Theory, working (Instrumentation) and application of following
spectroscopic techniques

o UV-Visible
o IR (14 Periods)
Unit 11 e SPECTROSCOPY-II

e  Principle, Theory, working (Instrumentation) and application of following
spectroscopic techniques
o NMR(study of model spectra of : Benzene, Phenol, Aniline)
o Mass (study of model spectra of: Dodecane, cyclohexene, ethyl benzene)
(14 Periods)

Unit 111 CHROMATOGRAPHY
e Basic principles involved in chromatography
o Definition of chromatography
Stationary phase
Mobile phase
Concept of Polarity
Polarity of different liquid samples
Role of detectors
o Various detectors
e  Principle, Theory, working (Instrumentation) and application of following
chromatographic techniques

O O O O O

o GLC
o HPLC (14 Periods)
Unit IV Heat exchange Equipment

e  Types of heat transfer equipment and their function

Shell type heat exchanger

Tube type heat exchanger

Difference between Shell and tube heat exchanger

Classification of Shell and tube heat exchanger

Finned tube heat exchanger

Plate type exchanger (14 Periods)

Evaporators
e Types of Evaporators their working and advantages in industries
Open pan evaporator
Horizontal tube evaporator
Short tube evaporator
Long tube evaporator
Forced circulation evaporator
e Multiple effect evaporation (14 Periods)

Unit vV
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Unit VI o Distillation: Important variables in the design of crude columns.

Degree of separation, Degree of difficulty of separation, Separation capability
(F), degree of fractionation, ASTM gap, TBP overlap.

Significance of flash zone, flash zone conditions, concept of overflash.

ASTM gaps followed in practice in petroleum refineries. Steam stripping.
Fundamentals of multidrum tower, side draw temperature.

Factors affecting efficiencies of plates.

Brief overview of the design steps involved in the design of a crude distillation
tower.

e Number of trays in various sections of the tower.

e Steam stripping. Material balance in topping tower. (14 Periods)

*SEM-111

1. Handling various analytical equipment

2. Regulating the fluid temperatures in processing systems

3. Concentrating a solution by evaporation

4. Handling the multicomponent distillation systems and regulating the initial and final boiling points

COs:

By the end of this module , student will be able to:

1. Understand the basic concepts and principles involved in the analytical equipments.

2. Separate different refinery streams and find their suitability as a feed stock for different processes-
treatment techniques to convert it to high value products/feed stocks

3. Understand the role of heat exchangers and evaporaters in the industry and their utilization for particular
applications.

**Activities Class tests, assignments, Flow diagram of processes, Project,
Survey, Group discussion, Industrial visit, or any other innovative
pedagogical method.

Any two activities be conducted from above. Class tests are
compulsory. Equal weightage for each activity.

Course Material/Learning Resources
Text books:

1. Petroleum refining and Petrochemical. N. K. Sinha, Umesh Publication Delhi

2. Advance Petrochemical, Dr. G. N. Sarkar, Khanna Publication, Delhi

3. Text on Petrochemical, Dr. B. K. Bhaskararao, Khanna Publication, Delhi

4. Introduction to petrochemical, Sukumar Maiti

5. Fuels and combustion, Samir Sarkar,, Orient Longman Ltd. Hyderabad

6. Modern Petroleum Refining Processes, B.K. Bhaskara Rao, Oxford and IBH Publication, New Delhi

Reference Books:

0L
02.
03.
04.
05.
06.
07.
08.
09.
10.
11.
12.
13.
14.
15.
16.

Chemistry of petrochemical processes 2™ edition by Sami Matar , Lewis F. Hatch Gulf publishing company
Fundamentals of Petroleum and Petrochemical Engineering by Uttam Ray Chaudhuri CRC press

Hand book of petroleum Processing Edited by David S. J. “Stan” Jones and Peter R. Pujado Springer

The Chemistry and technology of Petroleum 4™ edition by James G. Speight CRC Press

Catalyst and chemical process, Ronald Pearcc and William R. Patreson ,Leonard Hill, Glasgow

Systematic Experimental Physical Chemistry, S. W. Rajbhoj, Dr. T. K. Chondhekar, Anjali Publication, Aurangbad
Advance Petroleum Refining, Dr. G. N. Sarkar, Khanna Publication, Delhi

Petroleum Refining technology, Dr. Ram Prasad, Khanna Publication, Delhi

Unit Operation 11, K. A. Gavhane. Nirali Publication, Pune

Basic Organic Chemistry, Part 5, Industrial Product, J.M. Tedder, A. Nechvatal, and A.H. Jubb, John Wiley, London
Industrial Organic Chemistry, K. Weissermel, and H. J. Arpe, Veriagchemie, New York

Chemical From Petroleum, A.L. Waddms, Murry, London

An Introduction to industrial organic chemistry, P. Wiseman, Applied Science, London

Modern Petroleum Technology, G. D. Hobson, John Wily, Chichester

Chemical from Synthesis Gas, R. A. Sheldon, B. Reidel publication company, Dordrecht

Petroleum Refining Technology & Economics, James H. Gary, Glenn E. Handwerk, Marcel Dekker, Inc.

Weblink to Equivalent MOOC on SWAYAM if relevant:--
Weblink to Equivalent Virtual Lab if relevant:--

Any pertinent media (recorded lectures, YouTube, etc.) if relevant:--
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Sant Gadge Baba Amravati University Amravati

Syllabus Prescribed for Three Year UG/PG Programme

Programme: B.Sc. with Petrochemical Science
Semester 6

Code of the Course / Subject

Title of the Course / Subject Total number of Lectures

PCH(6S)PR (DSE-Ib)

Petrochemical Science 6S

Practical ( Lab on DSEIb) 25 sessions

COs:

At the end of the Lab/Practical course, the student will be able to:

1. Identify and compare the boiling range of petroleum samples

2. Determine the volatility of petroleum samples

3. Determine the corrosivity of petroleum samples

4. Calculate and compare the unsaturates present in the particular petroleum fraction
5. Calculate the consistency of petroleum samples in terms of kinematic viscosity

* List of Practical/Laboratory Experiments/Activities etc.

1 Simple distillation
2 Determining the IR of samples
3 Determining and comparing the IR of various blends
4 Studying the temperature viscosity relationship of petroleum products
5 Studying various additive properties of petroleum products and comparing theoretically and practically
6
7
8
9
10
11
Distribution of Marks for Practical Examination
Time : 04 hours(One Day Examination)
Total Practical Marks 50, Duration of Exam 04 Hours
Internal Practical Exam (25 Marks) External Practical Exam (25 Marks)
Attendance, Students Performance, Acxtivity, Practical Experiment 1 Performance/Demonstration : 10
Record Book /Laboratory Manual/Journal Report : 20 Experiment 2 Performance/Demonstration : 10
Internal Viva/Assignment/Quiz/Test :05 External Viva (by External and Internal
Examiner) : 05
Total : 25 Total : 25
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