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PCC 3 1 0 4 

Preamble: Out of five modules, the first two are the detailed study of monomer preparation, 
polymerisation properties, and application of PE,PP,PVCand PMMA. The second and third 
module contains PU, styrene and its copolymers, fluorine containing plastics. Last two modules 
include aliphatic and aromatic polyamide and thermoset polymers. After the completion of this 
course, students will be able to understand advantages and disadvantages of plastics, synthesis, 
properties and application of plastics. 

Prerequisite: Basic knowledge in Polymer science. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Describe the importance of plastic materials 

CO 2 Describe  the structure ,monomer synthesis and properties of chlorine containing 
   

CO 3 Explain the manufacturing processes and application of fluorine containing and 
  

CO 4 Describe the comparison between aliphatic and aromatic amide. 

CO 5 Explain the manufacturing processes,properties and applications of thermosets 

Mapping of course outcomes with program outcomes 
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CO 1 2  2          

CO 2 2  2          

CO 3 2  2          

CO 4 2  2          

CO 5 2  2          

Assessment Pattern 
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Bloom’s Category 

Continuous Assessment 
Tests End Semester 

Examination 
1 2 

Remember 10 10 10 

Understand 20 20 20 

Apply 20 20 70 

Analyse    

Evaluate    

Create    

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

Continuous Internal Evaluation Pattern: 

Attendance                                                  : 10 marks 

Continuous Assessment Test (2 numbers)   : 25 marks 

Assignment/Quiz/Course project                 : 15 marks 

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contains 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 14 
marks. 

 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): 
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1. Describe the advantages and disadvantages of plastics 

2.Explain the applications  and properties of plastics in different sectors 

3Explain the differences between high pressure and low pressure process 

Course Outcome 2 (CO2) 

1. How are the properties of acrylates related to their structure? and discuss important 
applications and outstanding characteristics of acrylates 

 2. Compare the structure of polyvinyl chloride with that of polyethylene and explain  how the 
structure related to its properties 

3. Name the important copolymers of PVC and mention their important properties and uses 

Course Outcome 3(CO3): 

1. Name the fluorine containing polymers and give their structures  and specific characteristics 

 2.Dicuss the relation between the structure and the properties of polyacetal resin   

3. Explain the important reactions of isocyanates and their significances in the formation of PU 
resin 

Course Outcome 4 (CO4): 

1. Mention the important cellulose plastics commercially produced and explain different sources 
of cellulose. 

2.Explain condensation of polycarbonate polymers and the various processes by which they can 
be produced. 

3. How are different nylons named? Explain how the structures of nylons are related to their 
properties. 

Course Outcome 5 (CO5): 

1. Explain the thermosetting and thermoplastic behaviour of a polymer. 

2. Explain on ‘introduction of UF-resin as a commercial thermoset’ and the commercially 
important  principal aminoplasts in general 

3.How are PF-moulding compounds prepared?. 

Model Question paper 

Reg No:______________ 

Name   :______________ 
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APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  

FIFTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100           Duration: 3 Hours 

POT301 PLASTIC MATERIALS 

(2019-Scheme) 

PART A 

(Answer all questions, each question carries 3 marks) 

1. What is irradiated polyethylene?
2. Name the important copolymers of PVC mention their important properties and uses.
3. What are the sources for the monomer of polyethylene?
4. What are the outstanding characteristics and uses of polyacrylates ?
5. What are the applications of PTFE?
6. What are epoxy polymers?
7. Describe the history of formation of PS.
8. What are the properties of nylon- 66
9. What is a thiourea resin?
10. What is novolac?

          PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. a)How is HDPE prepared industrially? Discuss briefly the various process and their
salient features            (9M) 

b) What is irradiated polyethylene? What are its important properties?     (5M) 

12. a) Describe with neat diagram, the UNIPOL process of manufacturing polypropylene
(9M)      

b)Compare the properties of LDPE and HDPE. (5M) 

Module II 

13. a)  With suitable diagram explain how vinyl chloride monomer is prepared industrially
from acetylene                                                     (8M)

b) What are the outstanding characteristics and uses of polyacrylates?
(6M) 
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14. a) What are the properties and synthesis methods of PVA? (8M)   

b)What is vinylidene chloride? What are its important properties and applications?
(6M) 

              Module -III 

15. a)What is polyoxymethylene? How is it manufactured? What are their important
properties and applications? (9M) 

b) What is expanded polystyrene? How is it manufactured? (5M) 

    16    a) With necessary flow diagrams, describe the process of manufacturing PTFE,  

             Which are the  important uses and  properties of PTFE?      (6M)       

b) Explain the methods of preparation of ABS and SAN polymers,

 What are their properties and applications?                         (8M) 

Module -IV 

17  a) Describe the preparation, properties and uses of acrylamide.                     (6M) 

b)Describe the preparation, properties and uses of aramide? (8M) 

 18 a)Describe the preparation, properties and uses of polycarbonate    (7M) 

b) Describe the preparation,properties and uses of epoxies (7M) 

Module -V 

    19 a)  Describe the preparation,properties and uses of MF resin.        (6M) 

b) With necessary flow diagrams, describe the process of manufacturing of one -stage

             and two-stage moulding compound                     (8M) 

20   a) Mention how urea is prepared and explain the different types of reactions involved in  

           the  production of UF resin                                  (7M) 

b)Describe the reaction between phenol and formaldehyde and process of forming

novolac resin.  (7M) 

.............................................................................................. 
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Syllabus 

Module 1:Brief history of plastics - Advantages and disadvantages - thermoplastics 
and thermosets. monomer preparation, polymerisation, properties and application of LDPE, 
HDPE, cross linked and chlorinated PE and PP 

Module 2:Monomer preparation, polymerisation, properties and application of PVC, 
polyvinylidene chloride, PVA, polyvinyl acetate, PMMA and PAN  

Module 3:Monomer preparation, polymerisation, properties and application of PU, PTFE, 
polyvinyl fluoride polyvinylidene fluoride.,PS,HIPS,ABS,SAN, and 
polyacetal.Thermoplastic polyesters, unsaturated polyester laminating resins, polyester 
moulding compositions, fibre and film forming polyesters.   

Module 4:Monomer preparation, polymerisation, properties and application of nylon-5, 6, 66, 
6,12,aromatic polyamide and polyacrylamide ,regenerated cellulose,PC and epoxies 

Module 5:.Monomer preparation, polymerisation, properties and application of PF, preparation 
of phenol formaldehyde moulding powders, PF laminates. novolac, resol, MF and UF resins 

Text Books 

1. J.A.Brydson, Plastics Materials, Newnes Butterworth Heinmann

Reference Books 

1  K.J. Saunders, “Organic Polymer Chemistry, Chapman and Hall materials”, 
2  Encyclopaedia of Polymer Science and Technology. 
3 Industrial Polymers - Ulrich, Hanser Pub. Munich, N.Y. 

No Topic No. of 
Lectures 

1 Polyethylene (9 hours) 

1.1 Brief history of plastics - Advantages and disadvantages - thermoplastics and 
thermosets. 

2 

1.2 monomer preparation, polymerisation, properties and application of LDPE  3 

1.3  HDPE, cross linked and chlorinated PE and PP 4 

 Course Contents and Lecture Schedule

POLYMER ENGINEERING



2 Chlorine containing and Acrylic plastic (9 hours) 

2.1 Monomer preparation, polymerisation, properties and application of PVC 2 

2.2 Monomer preparation, polymerisation, properties and application of 
polyvinylidene chloride, PVA 

4 

2.3 Monomer preparation, polymerisation, properties and application of 
polyvinyl acetate, PMMA and PAN  

3 

3  Fluorine containing and styrene plastics(9 hours) 

3.1 Monomer preparation, polymerisation, properties and application of PU, 
PTFE, 

2 

3.2 Monomer preparation, polymerisation, properties and application of polyvinyl 
fluoride polyvinylidene fluoride,PS 

2 

3.3 Preparation,, properties and application of HIPS,ABS,SAN, 
polyacetal.Thermoplastic polyesters, unsaturated polyester laminating resins, 
polyester moulding compositions, fibre and film forming polyesters.   

5 

4 Polyamides  (9 hours) 

4.1 Monomer preparation, polymerisation, properties and application of nylon-5,  
nylon 6. 

2 

4.2 Monomer preparation, polymerisation, properties and application of nylon 6 
6,nylon 6 12 

2 

4.3 Monomer preparation, polymerisation, properties and application of aromatic 
polyamide,acrylamide regenerated cellulose,PC and epoxies 

5 

5 Thermosets(9 hours) 

5.1 Monomer preparation, polymerisation, properties and application of PF, 3 

5.2 preparation of phenol formaldehyde moulding powders, novolac, resol and  
PF laminates. 

3 

5.3 Monomer preparation, polymerisation, properties and application of  MF and 
UF resins 

3 
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POT303 FLUID MECHANICS CATEGORY L T P CREDIT 
PCC 3 1 0 4 

 

Preamble: This course introduces students to the concepts of fluid mechanics that are 
relevant and used for applications in process industries. This course summarizes various 
properties of fluids and distinguishes the different types of flow systems, examine the 
mathematical models for flow behaviour in different systems utilizing the principles of 
kinematics, explain the concepts of flow in boundary layers and select suitable flow 
measuring devices, fluid moving machineries. 

Prerequisite: Basic knowledge in Fluid Mechanics 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Apply the basic properties and transport laws to fluid in different conditions like 
statics and dynamics.  

CO 2 Apply the fluid flow principles in the application of the mass, momentum and 
energy equations.  

CO 3 Design a piping network using the concept of fluid dynamics 
CO 4 Select pumps, flow measuring devices in process industries with the knowledge of 

the basic principles.  
 

Mapping of course outcomes with program outcomes 

 PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 2 2 1          
CO 2 2 3     1      
CO 3 2 2 3          
CO 4 2 3           
 

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 10 20 20 
Apply 10 20 30 
Analyse 20  20 
Evaluate   10 
Create   10 
 

 

 

POLYMER ENGINEERING



Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts: Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

Course Outcome 1 (CO1): To apply the basic properties and transport laws to fluid in 

different conditions like statics and dynamics. 

1. Differentiate between absolute viscosity and apparent viscosity. 

2. What is rheology? Explain the rheological classification of fluids. 

3. Define Pascal’s law. 

Course Outcome 2 (CO2): To apply the fluid flow principles in the application of the mass, 

momentum and energy equations. 

1. An oil of specific gravity 0.7 is flowing through a pipe of diameter 30 cm at the rate 500 

lit/sec. Find the head loss due to friction and power required to maintain the flow for a length 

of 1000 m. Take viscosity is 5 cp and f = 0.79 NRe0.25. 

2. Derive momentum balance equation. 

3. What are the correction factors incorporated in the Bernoulli’s equation. Explain. 

Course Outcome 3(CO3):To design a piping network using the concept of fluid dynamics 

1. Derive the f v/s NRe relationship in turbulent flow. 

2. Write the applications of friction factor chart. 

3. Exhaust gases from a power plant passes through a 30 x 45 cm rectangular duct at an 

average velocity of 15 m/s. The total length of the duct is 80 m and there are two 900 bends 
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(Kf = 0.9). The gas is at room temperature and about 1 atm. And the properties are similar to 

those of air. Calculate the pressure drop in the duct and the power required to overcome the 

pressure losses. 

 

Course Outcome 4 (CO4): To judge the selection of pumps and flow measuring devices in 

process industries with the knowledge of the basic principles. 

1. Compare Rotary pumps and Reciprocating pumps. 

2. What are characteristic curves in centrifugal pump? 

3. Explain different flow measuring devices with neat diagram. 

 

Model Question paper 

QP CODE:Reg No:______________  

PAGES:3Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY FIFTH SEMESTER 

B.TECH DEGREEEXAMINATION, MONTH & YEAR 

Max. Marks: 100                              Duration: 3 Hours  

                                          POT303 FLUID MECHANICS 

         (2019-Scheme) 

  PART A  

(Answer all questions, each question carries 3 marks)   

1. Define Newton’s law of viscosity. 
2. Discuss the thermal (with respect to temperature) variation of viscosity of gases. 
3. Give the importance of Reynolds number. 
4. Differentiate between steady and unsteady flow. 
5. Why the kinetic energy correction factor is included in the Bernoulli’s equation. 
6. Explain nose bleeding and shortness of breath at high elevation. 
7. Derive Hagen Poiseuille equation. 
8. What is frictional velocity? 
9. What is NPSH? Explain. 
10. Differentiate between Pipes and tubes. 

(10x3 = 30 marks) 
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PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. a) A tubular centrifuge is to separate chlorobenzene with a density of 1090 Kg/m3 from 
an aqueous wash liquor having a density of 1010 Kg/m3. The centrifuge has an inside dia of 
200mm and rotates at 10000 rpm. The free liquid surface inside the bowl is 60 mm from the 
axis of rotation. If the centrifuge bowl is to contain equal masses of two liquids. What should 
be the radial distance from the axis to the top of the over flow of the heavy liquid.    
b) Derive Barometric equation.                                                                        (10+4 = 14 marks)

12. a) A simple U tube manometer is installed across an orifice meter. The manometer isfilled 
with mercury (specific gravity=13.6) and the liquid above mercury is CCl4(specific gravity = 
1.6). The manometer reads 200mm. Calculate the pressure difference is N/m2.
b) With neat diagram explain the working of gravity decanter. (8+6 = 14 marks)

     Module II 

13.a) Discuss Reynolds experiment. With suitable sketches, explain the major conclusions
from his experiment.

b) Turbulence in flow results in higher loss of energy compared to that in laminar flow. Do
you agree to this statement? Why?                                                                (8+6 = 14 marks)

14. a) Define the following terms: Streak line, stream line, path line, stream tube, steady flow.

b) Explain the boundary layer separation and wake formation. (7+7= 14marks) 

Module -III 

15. Derive Bernoulli’s equation for an ideal fluid and modify is to account for frictional
losses. (14 marks) 
16. a) 1250 lit/sec of water is to be pumped from a reservoir through a steel pipe 25 mm dia
and 30 m long to a tank 20 m higher than its reservoir. Calculate theoretical power required.
b) Explain the statistical nature of turbulence.  (10+4 = 14 marks) 

Module -IV 

17. Derive universal velocity distribution equation. Mention its limitations.    (14 marks) 

18. a) Glycerine of viscosity 0.9 cp and specific gravity 1.26 is pumped along a horizontal
pipe of 6.5 m long and dia 1 cm at a flow rate of 1.8 lit/sec. Calculate the frictional loss in the
pipe due to friction effects.

b) Derive the equation for shear stress distribution in pipe under laminar flow.

(7+7 = 14marks) 
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Module -V 

19.a) With neat diagram explain the working of centrifugal pump.

b) Derive the flow rate equation for venturimeter.                                           (7+7 = 14 marks)

20.a) A pump draws benzene at 250C from a tank, whose level is 2.6 m above the pumpinlet. 
The suction line has a head loss of 0.8 Nm/N. The atmospheric pressure is measured to be 
98.5 Kpa (abs). Calculate the available NPSH. The vapour pressure of benzene is 13.3Kpa 
(abs).

b) Explain the principles of operation of Pitot tube.    (10+4 =14 marks) 

.............................................................................................. 

Syllabus 

Module 1: Fluids: properties and nature of fluids, ideal fluids, real fluids, physical properties 
of fluids, density, viscosity, effect of viscosity on temperature and pressure, specific volume, 
stress and strain, bulk modulus, specific weight, relative density, surface tension, 
compressibility, capillarity. Rheology of fluids, Rheological classification of fluids: 
Newtonian and non-newtonian fluids, Newton’s law of viscosity, classifications of non- 
newtonian fluids, power law, momentum flux. 
Barometric equation. Principles of continuous gravity decanter and centrifugal decanter. 
Lapse rate. 
Fluid Pressure Measurements: Pascal’s law, vacuum and gauge pressures, hydrostatic law, 
measurement of fluid pressure using manometers and its different classifications, problems 
based on manometer. 

Module 2: Introduction to fluid flow: Fluid flow classifications, Flow field, Eulerain and 
Lagrangian approach, velocity potential, stream function, circulation and vorticity. Stream 
line, Path line, Streak line, Stream tube classification of flow, Reynolds experiment, 
Reynolds number, Mach number, Turbulence, Reynolds stress. Boundary-layer formation in 
straight tubes, Boundary-layer separation and wake formation. 

Module 3:Basic equations of fluid flow: Continuity Equation, Macroscopic momentum 
Balance (Navier stokes equation), Euler equation, Bernoulli’s theorem, Kinetic energy 
correction factor. Correction for fluid friction, Pumpwork, and compressible flow in 
Bernoulli’s equation. Problems based on Bernoulli’s theorem. 

Module 4:Laminar flow of incompressible fluids in pipes and conduits, shear stress and 
velocity distribution, maximum and average velocity-Hagen Poiseuille equation- Friction 
factor and Reynolds number relationship in laminar flow. Turbulent flow of incompressible 
fluids in pipes and conduits: Universal velocity distribution equation, Friction factor and 
Reynolds number relationship-Nikuradse and Karman equation-Blasius equation (derivation 
not required), Prandtl one seventh power law-Friction factor chart - Friction from changes in 
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velocity or directionSudden expansion and contraction-Effect of fittings and valves. 
Hydraulic radius and Equivalent diameter. 
 
Module 5: Applications of Fluid Mechanics: Transportation and metering of fluids, pipes and 
tubings, different types of pumps (limited to application and operation). Centrifugal pumps, 
various losses, Characteristic curves, NPSH, Cavitation, Specific speed and Priming. 
Reciprocating pumps – power required, indicator diagram, delivery pipe, suction pipe, 
efficiency. Flow through nozzles. 
Flow measurement devices: Flow rate equation for Venturimeter, Orificemeter, Pitot tube and 
Rotameter. 
 
Text Books 

1.  W. McCabe, J. C. Smith and P. Harriott, Unit operations of Chemical Engineering 
(7th ed.). McGraw-Hill Education, 2014  

2. J. Lal, Fluid mechanics and Hydraulics with Computer Applications (9th ed.). 
Metropolitan Book Co, 2014  

3. R. K. Bansal, A Text Book of Fluid Mechanics and Hydraulic Machines (9th 
ed.)Laxmi Publications, 2005  

4. P. N Modi and S. M. Seth, Hydraulics and Fluid Mechanics including Hydraulics 
Machines (20th ed.). Standard Book House, 2013  

 
Reference Books 

1. F. M. White, Fluid Mechanics (8thed.). McGraw-Hill Education, 2016  
2. Y. A. Cengel and J. M. Cimbala, Fluid Mechanics: Fundamentals and 

Applications(3rd ed.). McGraw-Hill Education, 2013 
3. V. Streeter, E. B. Wylie and K. W. Bedford, Fluid Mechanics (9th ed.). McGraw-Hill 

Education, 2010 
4. Y. Nakayama, Introduction to Fluid mechanics (2nd ed.).Butterworth-Heinemann, 

2018 
5. A.S. Foust, L.A. Wenzel, C.W. Clump, L.B. Andersen and L.Maus, Principles of unit 

operations (2nd ed.). John Wiley & Sons, 2008 
6. N.de. Noel, Fluid Mechanics for Chemical Engineers (3rd ed.). McGraw Hill, 2004 

 
 
Course Contents and Lecture Schedule  

No Topic No. of 
Lectures 

1 Properties, classification of fluid and Fluid statics (9 hours) 
1.1 Definition of fluid, Newton’s law of viscosity. Physical properties of 

fluid 3 

1.2 Rheology of fluids, Pascal’s law,Barometric equation and Lapse rate 3 
1.3 Principles of continuous gravity decanter and centrifugal 

decanter,Principles of Manometer-Simple manometer, inclined tube 
manometer. 

3 
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2 Introduction to fluid flow(9 hours) 

2.1 Classification of flow, Reynolds experiment and turbulence, Flow 
field, Eulerain and Lagrangian approach, velocity potential, stream 
function, circulation and vorticity. Stream line, Path line, Streak 
line,Stream tube. 

5 

2.2 Boundary layer and wake formation 4 
3 Basic equations of fluid flow (9 hours) 

3.1 Basic equations of fluid flow- mass, momentum and energy 6 
3.2 Problems based on Bernoulli’s theorem. 3 
4 Internal flow of incompressible fluids in pipes and conduit(10 hours) 

4.1 Shear stress and Velocity distribution in laminar flow,Hagen 
Poiseuille equation, Friction factor 

4 

4.2 Universal velocity distribution equation, Friction factor and 
Reynolds number relationship in turbulent flow 

3 

4.3 Friction factor chart, sudden expansion and contraction 3 
5 Pumps and Flow measuring devices (10 hours) 

5.1 Pumps, different types, efficiency, NPSH, problems 4 

5.2 Flowmeters- flow rate derivation, coefficient of discharge 4 
5.3 Flowthrough nozzles 2 
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POT305 RUBBERS -  SCIENCE 
AND TECHNOLOGY 

Category L T P Credit 
PCC 3 1 0 4 

Preamble: Out of the five modules, first module is the detailed study of the structure, properties 
and different forms of natural rubber. Second module deals with vulcanization of natural rubber 
followed by crosslinking of the same. Third module deals with different curing systems and 
vulcanization techniques. Remaining modules deals with the synthesis,properties,applications 
and crosslinking methods of various synthetic rubbers. After the completion of this course, 
students will be able to understand about the various aspects of naturalrubber like properties, 
vulcanization, crosslinking. They will also get an understanding about various synthetic rubbers. 

Prerequisite: Basic knowledge in Polymer materials and polymer science. 

Course Outcomes: After the completion of the course the students will be able to 

CO1 To study about natural rubber, its property and applications 
CO2 To impart awareness on various synthetic rubbers 
CO3 To describe the mechanism of crosslinking 

Mapping of course outcome with programme outcome: 

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 
CO 1 3 1 
CO2 3 1 
CO3 3 2 1 

Assessment Pattern 

Bloom’s 
Category 

Continuous assessment test End Semester 
Examination 

1 2 
Remember 10 10 10 
Understand 30 30 60 
Apply 10 10 30 
Analyse 
Evaluate 
Create 

POLYMER ENGINEERING



Mark distribution 
Total Marks CIE ESE ESE duration 
150 50 100 3  hours 
 
Continuous Internal Evaluation Pattern: 
Attendance                                                   : 10 marks 
Continuous Assessment Test (2 numbers)  : 25 marks 
Assignment/Quiz/Course project                : 15 marks 

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part Acontain 
10 questions with 2 questions from each module, having 3 marks for each question.Students 
should answer all questions. Part B contains 2 questions from each module of whichstudent 
should answer any one. Each question can have maximum 2 sub-divisions and carry14 marks. 
 
Course Level Assessment Questions: 

Course Outcome 1 (CO1): 
 

1. Describe the sources of natural number. 
2. Give the structure of Natural number. 
3. Comment on the strength of rubbers. 

Course Outcome 2 (CO2) 
 

1. Explain the polymerization of acrylic rubbers. 
2. What are the important properties of butyl rubber 
3. Explain about the crosslinking of Chloroprene rubber. 

Course Outcome 3 (CO3)  

1. Define scorch time 
2. Explain vulcanisation 
3. Compare between EV and semi EV system 
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Model Question paper 
 
Reg No:______________ 
Name: ______________ 
 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 
 

FIFTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 
Course Code: POT305 

 
Max. Marks: 100 Duration: 3 Hours 

 
RUBBERS -  SCIENCE AND TECHNOLOGY 

(2019-Scheme) 
 

PART A 
(Answer all questions, each question carries 3 marks) 

1. Explain strain induced crystallization. 
2. Define scorch time and optimum cure time  
3. What are the various curemeters used for assessment of state of cure 
4. Explain Drum curing. 
5. What are X-NBR and H-NBR 
6. What are chloro sulphonated polymers? Give their application. 
7. Comment on the source of Natural rubber 
8. Explain the vulcanisation of chloroprene Rubber 
9. Comment on the polymerization of acrylic rubbers 
10. What are the non sulphur vulcanizing agents for non olefin rubbers. 

PART B 
 

(Answer one full question from each module, each question carries 14 marks) 
 
 

                                                      Module I 
 

11. a) Discuss the manufacturing steps involved in Ribbed Smoke Sheet production. What 
are the common defects seen in the ribbed smoked sheets                                  (14 M) 

         OR 

12. a) Discuss the structure property relationship in natural rubber 
13. Write short notes on i) SP Rubber ii) DPNR                                              (8+6= 14 M) 
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                                                    Module II 
14.  a) Explain the mechanism of cross linking by i) metal oxide ii) peroxide 

 b) Draw and explain typical cure characteristics of a rubber compound   (8+6=14M) 
       
                                                        OR 

15. a) Explain the theory of sulphur vulcanisaton. 
b) Explain the i) mechanism of cross linking by diamines ii) accelerators ( 6+8 =14M) 
 
                                                   Module III 

16. Discuss about different cure systems.                                                                 (14M) 

                                                      OR 

17. Describe the vulcanisation technique by a) autoclave b) fluidized bed              (14M) 

                                                            Module 1V 

18. Explain briefly manufacture, crosslinking, properties and applications of SBR  (14M) 
                                                    OR 

19. Discuss briefly manufacture, vulcanisation, properties and uses of  butyl rubber (14M) 
                                                Module V 

20.   Write short notes on i) acrylic rubbers ii) polysulphide rubber 
                                                   OR 

21. Explain about i) chlorosulphonated rubbers ii) thermoplastic elastomers         
        ………………………………………………………………………………                                                                                                                                                      
 
 
                                                  Syllabus: 

Module1: Natural rubber, source, chemical formula, molecular weight distribution, 
crystallisation, structure-property relationship, chemical reactivity, electrical and oxidation 
properties, anti degradants, strength of rubbers, Various forms of natural rubber- crumb, sheet, 
crepe, SP rubber, DPNR, LNR, liquid rubber, classes of liquid elastomers, powdered rubber 
 
Module 2: Vulcanisation, chemical and physical aspects, curing characteristics such as scorch 
time, induction time, cure time, activators, accelerators, promoters, Mechanism of crosslinking 
by different crosslinking agents- sulphur, sulphur monochloride, nitrosourethane, diazo esters, 
phenolic resins, metal oxide, diamines, peroxides, oximes 
 
 Module 3: Different curing systems, EV, semiEV, conventional and sulphur less cure, 
assessment of state of cure, Vulcanisation techniques, batch and continuous vulcanization: press 
cure, autoclave, hot air, cold and hot water, fluidised bed, molten salt bath, drum curing, 
radiation, microwave curing 
 

POLYMER ENGINEERING



Module 4: IR, BR, IIR, SBR, NBR, CR, PU, silicone and EP rubbers --  synthesis of monomers, 
polymerisation, structure, properties, application, crosslinking by different methods, oxidation 
and ageing, halogenation of IIR, characterization, Comparison of the oxidation properties of 
saturated and unsaturated rubbers, antioxidants, antiozonants. 
 
Module 5: Monomer preparation, polymerization, structure, properties and application of the 
following rubbers- chlorosulphonated polymers, fluorine containing rubbers, 
nitrosofluoroelastomers, phosphonitrillic elastomers, poly(thiocarbonyl fluoride) and related 
elastomers, acrylic rubbers, poly (vinyl ether) elastomers, polysulphide rubber, polyalkenamers, 
polynorbornene, thermoplastic rubbers, polycarbonate rubbers 
 
Text books:- 
 
1. J. A Brydson, Rubber Chemistry. Applied Science Publishers, London, 1978 
2. M. Morton, Rubber Technology, Springer Science, 2013 
3. C. M. Blow, C.Hepburn, Rubber technology and manufacture, Butterworths, 1971 
 
Reference books :- 
 
1. J. E. Mark, B.Erman, Science and Technology of Rubber, Elsevier, 2011 
2. Barlow, Rubber Compounding: Principles: Materials, and Techniques, CRC Press, 1993, 
4. A. Whelan and K.S. Lee. Developments in Rubber Technology (Vol. I-IV), Applied Science 
Publishers 
5. R. N. Datta, Rubber Curing Systems, iSmithersRapra Publishing, 2002 
3. A. Ciesielski, An Introduction to Rubber Technology, iSmithersRapra Publishing, 1999 
 
Course Content and Lecture Schedule 
 
No Topic No.of Lectures 
1 Module 1 (9 hours) 
1.1 Natural rubber, source, chemical formula, molecular weight 

distribution, crystallisation, 3 

1.2 Structure-property relationship, 
chemical reactivity, electrical and oxidation properties, anti 
degradants, strength of rubbers, 

3 

1.3 Various forms of natural rubber- crumb, sheet, crepe, SP rubber, 
DPNR, LNR, liquid rubber, classes of liquid elastomers, telechelic 
polymers, powdered rubber 

3 

2 Module 2 ( 8 Hours) 
2.1 Vulcanisation, chemical and physical aspects 2 
2.2 Curing characteristics such as scorch time, induction time, cure 2 
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time, activators, accelerators, promoters 
2.3 Mechanism of crosslinking by different crosslinking agents- 

sulphur, sulphur monochloride, nitrosourethane, diazo esters, 
phenolic resins, metal oxide, diamines, peroxides, oximes 

4 

3 Module 3 (8hours) 
3.1 Different curing systems, EV, semiEV, conventional and 

sulphur less cure 2 

3.2 Assessment of state of cure, Vulcanisation 
techniques 2 

3.3 Batch and continuous vulcanization: press cure, 
autoclave, hot air, cold and hot water, fluidised bed, molten 
salt bath, drum curing, radiation, microwave curing 

4 

4 Module 4 (10 hours)  
4.1 IR, BR, IIR, SBR -- synthesis of monomers, polymerisation, 

structure, properties, application, crosslinking by different methods, 
oxidation and ageing, halogenation of IIR 

3 

4.2 NBR, CR, PU-- synthesis of monomers, polymerisation, structure, 
properties, application, crosslinking by different methods 

3 

4.3 Silicone and EP rubbers --  synthesis of monomers, polymerisation, 
structure, properties, application, crosslinking by different methods, 
Comparison of the oxidation properties of saturated and 
unsaturated rubbers, antioxidants, antiozonants 

4 

5 Module 5 ( 10 hours) 
5.1 Monomer preparation, polymerization, structure, properties 

and application of the following rubbers- chlorosulphonated 
polymers, fluorine containing rubbers, nitrosofluoro 
elastomers 

3 

5.2 Monomer preparation, polymerization, structure, properties 
and application of the following rubbers- phosphonitrillic 
elastomers, poly(thiocarbonyl fluoride) and related elastomers, 
acrylic rubbers, poly (vinylether) elastomers 

3 

5.3 Monomer preparation, polymerization, structure, properties 
and application of the following rubbers--polysulphide rubber, 
polyalkenamers, polynorbornene, thermoplastic rubbers, 
polycarbonate rubbers 

4 
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POT307 POLYMER PROCESSING 
CATEGORY L T P CREDIT 

PCC 3 1 0 4 
 

Preamble: Out of five modules, first two modules is the detailed study of compounding 
ingredients used in plastics and rubbers. Third module deals with the different compounding 
methods and formulations used for rubber industry. Different processing techniques for 
polymer product manufacture is included in the remaining modules. After the completion of 
this course, students will be able to understand compounding ingredients, different  
processing methods and techniques used in the polymer product manufacture. They also 
attain the skill to formulate various compounds and recipe for rubber and plastic products. 

Prerequisite: Basic knowledge in rubber and plastic science. 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Describe the main compounding ingredients in plastics 
CO 2 Explain the significance and importance of compounding ingredients used in 

rubbers. 
CO 3 Illustrate different rubber compounding methods for rubbers and compound 

formulations for specific applications. 
CO 4 Compare and contrast between various processing techniques for polymers. 
CO 5 Explain the significant machineries for specific products. 
 

Mapping of course outcomes with program outcomes 

 PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 2           
CO 2 2 2     1      
CO 3 3 2           
CO 4 3    2        
CO 5 2    3        
 

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
Evaluate    
Create    

POLYMER ENGINEERING



Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Describe the factors to be considered for compound development 

2.. Comment on reinforcing fillers. 

3.Give an account on curing agents used in rubber compounding. 

Course Outcome 2 (CO2)  

1. Explain the significance of plasticisers? 

 2. What is the function of blowing agents. Explain. 

3. Comment on the various extenders used for rubber compounding. 

Course Outcome 3(CO3): 

1. Give an account on two-roll mixing. 

 2.Explain dispersive and distributive mixing. 

3. Formulate rubber compound for oil seal. 

Course Outcome 4 (CO4):  

1. Explain compression moulding. 
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2. Understand the various moulding presses used in rubber products. 

3. What is automatic compression moulding? 

Course Outcome 5 (CO5):  

1.What are he important advantages and limitations of transfer moulding? 

2. Explain calenders and accessories. 

3.Explain the machineries used for tyre production. 

 

Model Question paper 

Reg No:______________  

Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY FIFTH SEMESTER 
B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100                              Duration: 3 Hours  

POT307 POLYMER PROCESSING 

        (2019-Scheme) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. What is formulation of a mix? 

2. Give different nonblack fillers used in rubber compounding. 

3. What is facice? 

4. Explain the function of blowing agents. 

5. What are the advantages of internal mixer? 

6. Describe mastication in rubber compounding. 

7. What are different types of moulds used in compression moulding? 

8. Detail how calenders are used in carpet backing? 

9. What is cold retreading? 

10. Explain automatic compression moulding. 
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PART B  

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. a)  How carbon black affect the reinforcing of rubbers?    (9M) 

b) How can you evaluate the functions of different antidegradents?   (5M) 

     

12. a) Explain various types of curing agents used in rubber compounding.  (9M) 

b) Give an account on peptiser and retarder.                                         (5M) 

Module II 

13. a)Describe the extenders used in rubber compounding.    (8M) 

b) Describe the principle and types of blowing agents.               (6M) 

14. a) Explain the function and types of mould release agents.   (9M) 

b) Explain various processing aids used in polymer compounding  (5M) 

Module -III 

15. a) Compare the working of inter mixing and banbury mixing with neat diagram. (8M) 

b) Give formulations of mc sheet and justify the compounding ingredients and their 
quantity.          
                    (6M) 

16. a) Describe any three after treatment process in rubber product manufacturing. 
                                     (6M) 

b) Explain two rollmixing.        
                                                               (8M) 

 

Module -IV 

17. a) Describe compression moulding                                                                    (8M) 

b)Explain compression moulding cycle.                                  (6M) 

18. a) Explain automatic compression moulding.              (8M) 

b)Explain the moulding process used for thermosets.    
                                                                           (6M) 

POLYMER ENGINEERING



Module -V 

19. a) Give an account on transfer moulding.     (7M) 

b) Illustrate the working of  calenders .     (7M) 

20. a) Explain the manufacture process of latex foam               (7M) 

b)Explain the process of foot wear production with formulation.  (7M) 

.............................................................................................. 

 

Syllabus 

Module 1: Compound development, factors to be considered for compound development,  
formulation of a mix, Compounding ingredients stabilizers, fillers, antioxidants, antiozonants, 
UV absorbers, flame retardants, peptiser, retarder, curing agents. 
 
Module 2: Compounding ingredients- plasticisers, process aids, extenders, factice, mould 
release agents, tackifying agents, blowing agents, bonding agents, fragrances, antistatic 
agents, colorants, and other special additives. 
 
Module 3: Compounding, different methods, principles of mixing, dispersive and distributive 
mixing, mastication, two-roll mill mixing, internal mixers, comparison between open mill 
and internal mixer, Banbury mixing, Brabender plasticorder, continuous mixing, master 
batching 
Compounding for specific applications- ozone resistance, heat resistance, weather resistance, 
oil resistance, electrical, optical and medical applications. 
 
Module 4: Processing techniques, compression moulding, moulding presses,  flash, positive 
and semipositive moulds, compression moulding cycle, trouble-shooting,  automatic 
compression moulding. 
 
Module 5: Transfer moulding, transfer moulding cycle, advantages, limitations, theoretical 
and design considerations, general mould design consideration, troubleshooting. Calenders 
and accessories, machineries for specific products- tyre and tubes, footwear, hoses and 
belting, wires and cables, latex and fibre foam. 
 

Text Books 

1. J. E. Mark, B. Erman, Science and Technology of Rubber, Elsevier, 2011 
2. R. C. Progelhof, J. L. Throne, Polymer Engineering Principles. Hanser, 1993 
3. M. Morton, Rubber Technology, Springer Science, 2013 
4. C. M. Blow, C.Hepburn, Rubber technology and manufacture, Butterworths, 1971 
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Reference Books 

1. N. P. Charemisinoff and P.N Chere, Handbook of Applied Polymer Processing Tech., 
Edited by Marcel Dekker Inc, NY, 1996 

2. Barlow, Rubber Compounding: Principles: Materials, and Techniques, CRC Press, 
1993. 

3. Ciesielski, An Introduction to Rubber Technology,Smithers Rapra Publishing, 1999 

Course Contents and Lecture Schedule  
No Topic No. of 

Lectures 
1 Compound development(9 hours) 
1.1 Compound development, factors to be considered for compound 

development,  formulation of a mix 
3 

1.2 Compounding ingredients stabilizers, fillers, antioxidants, 
antiozonants 

3 

1.3 UV absorbers, flame retardants, peptiser, retarder, curing agents. 
 

3 

2 Compounding ingredients(9 hours) 

2.1 Compounding ingredients- plasticisers, process aids, extenders, 
factice 

3 

2.2 mould release agents, tackifying agents, blowing agents, bonding 
agents 

4 

2.3  fragrances, antistatic agents, colorants, and other special additives 
 

2 

3 Compounding methods(9 hours) 

3.1 Compounding, different methods, principles of mixing, dispersive 
and distributive mixing 

1 

3.2 mastication, two-roll mill mixing, internal mixers, comparison 
between open mill and internal mixer 

4 

3.3 Banbury mixing, Brabender plasticorder, continuous mixing, 
master batching Compounding for specific applications- ozone 
resistance, heat resistance, weather resistance, oil resistance, 
electrical, optical and medical applications. 

4 

4 Processing techniques (9 hours) 
4.1 Processing techniques, compression moulding, moulding presses,   4 
4.2  flash, positive and semipositive moulds, compression moulding 

cycle, trouble-shooting, 
4 

4.3 automatic compression moulding. 1 
5 Transfer moulding & Calenders(9 hours) 
5.1 Transfer moulding, transfer moulding cycle, advantages, 

limitations, theoretical and design considerations, general mould 
3 
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design consideration, troubleshooting. 

5.2 Calenders and accessories, machineries for specific products- tyre 
and tubes, 

3 

5.3 footwear, hoses and belting, wires and cables, latex and fibre foam 
 

3 

 

POLYMER ENGINEERING



POL 
331 FLUID MECHANICS LAB 

CATEGORY L T P CREDIT 
PCC 0 0 3 2 

Preamble: The Fluid Mechanics lab is equipped with Centrifugal pump to transport fluid, 
flow measuring devices like Venturimeters, Orificemeters, Rotameters, and Weirs, etc. The 
determination of viscosity of Newtonian and non-Newtonian fluid, pipeline assembling and 
layout drawing can be performed in the lab. 

Prerequisite: Course in Fluid & Particle Mechanics 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Analyse Bernoulli’s theorem and verify Reynolds experiment 

CO 2 
Plan and perform experiments in fluid moving machinery and analyse the principles 
involved 

CO 3 Plan and perform experiments in flow measuring equipment 

CO 4 
Demonstrate capacity to work in teams and exhibit knowledge of safety, health and 
environment by practicing laboratory ethics. 

Mapping of course outcomes with program outcomes 

PO 
1 

PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 3 2 1 1 
CO 2 3 2 1 1 
CO 3 3 2 1 1 
CO 4 3 2 1 3 

Assessment Pattern 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 75 75 2.5 hours 

Continuous Internal Evaluation Pattern: 

Attendance : 15 marks 
Continuous Assessment : 30 marks 
Internal Test (Immediately before the second series test)  : 30 marks 
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End Semester Examination Pattern:  
 
The following guidelines should be followed regarding award of marks  
(a) Preliminary work                      :15Marks 
(b) Implementing the work/Conducting the experiment                 :10 Marks 
(c) Performance, result and inference (usage of equipments and trouble shooting) :25Marks 
(d) Viva voce                                       :20 marks 
(e) Record                       :5 Marks 
 
General instructions: Practical examination to be conducted immediately after the second 
series test covering entire syllabus given below. Evaluation is a serious process that is to be 
conducted under the equal responsibility of both the internal and external examiners. The 
number of candidates evaluated per day should not exceed 20. Students shall be allowed for 
the University examination only on submitting the duly certified record. The external 
examiner shall endorse the record. 
 
Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Perform experiments to analyse the influence of Reynolds number on the fluid flow 
2. Perform experiments to verify Bernoulli’s Theorem 
 
Course Outcome 2 (CO2)  
1 Study the performance characteristics of Centrifugal Pump and determine the maximum 
efficiency, optimum flow rate and head developed at maximum efficiency. 
2. Study the performance characteristics of Reciprocating Pump and determine the maximum 
efficiency, optimum flow rate and head developed at maximum efficiency. 
 
Course Outcome 3(CO3): 
1.  Conduct experiments to establish the head-discharge relationship for venturimeter 
2. Conduct experiments to establish the head-discharge relationship for orifice meter 
3. Perform experiments to determine the coefficient of discharge Cd, coefficient of velocity 
Cv, and coefficient of contraction Cc of the given orifice, under constant head flow 
conditions. 
4. Calibrate rotameter 
 
Course Outcome 4 (CO4):  
1. Evaluate the experimentation capacity of student’s in group. 
2. Analyse the interpretation skill of results with group discussion. 
3. Report experimental data, results within the stipulated time through team effort.  
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LIST OF EXPERIMENTS (Minimum of 7 experiments are mandatory)  
 

1. Experiments on Reynolds apparatus for determination of flow regime and construction of 
fanning friction factor vs. Reynolds No. plot 
2. Determination of co efficient of discharge for orifice meter 
3. Determination of co efficient of discharge for venturimeter 
4. Determination of co-efficient of Pitot tube and construction of velocity profile across the 
cross section of pipe. 
5. Determination of co-efficient of discharge for different types of weirs. 
6. Determination of efficiency of a centrifugal pump. 
7. Pipe line assembling and a layout drawing with standard symbols. 
8. Calibration of a Rotameter 
9. Determination of viscosity of Newtonian & non-Newtonian fluid by Falling Sphere 
method 
10. Verification of Bernoulli’s Theorem 
11. Determination of efficiency of a reciprocating pump. 
12. Determination of coefficient of discharge Cd, coefficient of velocity Cv, and coefficient of 
contraction Cc for open orifice. 
 
Reference Books 
 
1. W. McCabe, J. C. Smith and P. Harriott, Unit operations of Chemical Engineering (7th ed.). 
McGraw-Hill Education, 2014  
2. A.S. Foust, L.A. Wenzel, C.W. Clump, L.B. Andersen and L.Maus, Principles of unit 
operations (2nd ed.). John Wiley & Sons, 2008 
3. R. K. Bansal, A Text Book of Fluid Mechanics and Hydraulic Machines (9th ed.) Laxmi 
Publications, 2005  
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POL333 LATEX PRODUCTS LAB 
CATEGORY L T P CREDIT 

PCC 0 0 3 2 

Preamble: The latex products lab is equipped with equipment to carry out the manufacturing 
experiments related to natural rubber latex. Experiments to carry out the concentration of 
natural rubber latex by creaming,preparation of latex compounds and manufacturing of 
different types of products.  

Prerequisite: Engineering Chemistry Lab. 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Develop skill to concentrate the  latex by creaming. 
CO 2 Develop skill in the preparation of latex compounds. 

CO 3 Develop skills to correlate  properties of latex with manufacturing methods. 

CO 4 Develop teamwork skills through group activities. 

Mapping of course outcomes with program outcomes 

PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 1 2 2 1 
CO 2 2 2 1 
CO 3 2 3 2 1 
CO 4 2 2 1 

Assessment Pattern 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 75 75 2.5 hours 

Continuous Internal Evaluation Pattern: 

Attendance : 15 marks 
Continuous Assessment : 30 marks 
Internal Test (Immediately before the second series test)  : 30 marks 
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End Semester Examination Pattern: The following guidelines should be followed 
regarding award of marks  
(a) Preliminary work  : 15Marks 
(b) Implementing the work/Conducting the experiment  : 10 Marks 
(c) Performance, result and inference (usage of equipments and troubleshooting)  : 25 Marks
(d) Viva voce  : 20 marks 
(e) Record  : 5 Marks 

General instructions: Practical examination to be conducted immediately after the second 
series test covering the entire syllabus given below. Evaluation is a serious process that is to 
be conducted under the equal responsibility of both the internal and external examiners. The 
number of candidates evaluated per day should not exceed 20. Students shall be allowed for 
the University examination only on submitting the duly certified record. The external 
examiner shall endorse the record. 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): 

1. Perform the experiments to concentrate latex by creaming.
2.Conduct the experiment to find out DRC of field latex

3. Conduct the experiment to find out DRC of creamed latex

Course Outcome 2 (CO2) 
1.Experiments to prepare dispersions..
2.Experiments to prepare emulsions.
3.Experiments to prepare latex compound.

Course Outcome 3(CO3): 
1. Mention the experiment to product manufactured by dipping and casting.
2. Experiment to conduct vulcanization of dipped and casted products.
3. Experiment conducted to demoulding of dipped and casted  products.

Course Outcome 4 (CO4): 
1. Evaluating the experimentation capacity of student’s in a group.
2. Analysing the interpretation skill of results with group discussion.
3. Reporting of experimental data, results and reports within the stipulated time through team
effort.
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LIST OF EXPERIMENTS (Minimum of 7 experiments are mandatory) 

1 Creaming of NR latex.  

2. Preparation of dispersion, slurry and emulsions. 

3. Manufacture of rubber bands, latex thread and articles by casting. 

4.Manufacture of rubber balloons. 

5.Manufacture of Household Gloves. 

6. Manufacture of Finger caps. 

7. Manufacture of Surgeons Gloves.  

8. Latex impregnation in textiles. 

9. Preparation of latex based adhesives. 

Reference Books 

1. Rani Joseph, Practical Guide to Latex Technology, Smithers Rapra, 2013 
2. D.C. Blackley, Polymer Latices: Science and technology, Springer Science, 1997. 
3. S. K. De and J. R. White, Rubber Technologist's Handbook, Vol 1, Smithers Rapra 

Publishing, 2001 
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SEMESTER V 
HONOURS 
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POT 
393 

MOULD AND DIE DESIGN CATEGORY L T P CREDIT 
VAC 3 1 0 4 

Preamble: Out of five modules, first one is detailed study of fundamentals of mould design. 
Second module deals with Injection mould design. Significant topics from die design and its 
variants are included in the third module. Fourth module deals with blow mould, thermoform 
moulds, foam and rotational mould design. Fifth modules give emphasis on the design of 
compression, transfer and stack mould and computer aided design methods and techniques 
used in plastic and rubber mould design. After the completion of this course, students will be 
able to understand design aspects to design tools and dies for polymer product manufacture.  

Prerequisite: Polymer Processing, Polymer Products design. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Describe the principles of mould design. 
CO 2 Detail the features of extrusion die design. 
CO 3 Illustrate different mould design features for blow moulding and thermoforming 
CO 4 Describe features of compression  and transfer moulds. 
CO 5 Exposure towards modern tools used in Design of tools and dies. 

Mapping of course outcomes with program outcomes 

PO 
1 

PO 
2 

PO 
3 

PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO 
10 

PO 
11 

PO 
12 

CO 
1 

3 2 

CO 
2 

3 3 

CO 
3 

3 3 

CO 
4 

3 3 

CO 
5 

3 3 

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 20 
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Analyse   20 
Evaluate   20 
Create   10 
 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1) Describe the principles of mould design. 
 
1. Describe the principle core design.  

2. Cavity Layout and balancing. 

3.Compare parting surface in two plate and three plate moulds. 

Course Outcome 2 (CO2) : Detail the features of extrusion die design. 

1. Explain the significance of mould flow in die design. 

 2. Advantages of offset dies over straight through dies. 

3. Comment on the features of wire coating dies. 

  Course Outcome 3(CO3): Illustrate different mould design features for blow moulding and 
thermoforming. 
 
1. Explain the significance of core rod design. 
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 2. What is the significance of accumulator in injection blow moulds. 

3. Comment on the various parts associated with stretch blow moulds. 

Course Outcome 4 (CO4): Describe features of compression and transfer moulds. 

1. Compare vertical flash and horizontal flash. 

2. Screw transfer moulds has some special advantages and disadvantages. Explain 

3. Positive moulds are costlier. Why? 

Course Outcome 5 (CO5): Exposure towards modern tools used in Design of tools and dies. 

1. CAD is preferred in plastic product and tool design. Explain its advantages. 

2. Give an account of different software used in die design. 

3.Explain the application of analysis softwares.  

Model Question paper 

Reg No:______________  

Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

FIFTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100                          POT393   Duration: 3 Hours  

MOULD AND DIE DESIGN      

  (2019-Scheme-Honours in Polymer Engineering) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. Compare gate with rectangular edge and overlap design. 

2. Describe sprue holding. What is its significance? 

3. Give the principle of gate balancing. 

4. Define baffle cooling and factors affecting its  reduction of temperature. 

5. Compare and contrast between stripper plate and pin ejection?   

6. Differentiate soft and hard metals in machining and tolerances. 

7. What is meant by pinch off? 

8. Describe the features of cull design of transfer moulds. 
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9. Define the significance of  factor in polymer analysis and design?

10. Detail how parison is programmed ?

PART B  

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. a)  With a labelled diagram explain the parts of a two plate mould. (9) 

b) What is the role of parting surface design in mould manufacture?         (5) 

OR 

12. a) Explain various functions of sprue tapering. Draw various designs of spure pullers.
            (9) 

b) Explain on various bcoolant materials and temperature control mechanism  in moulds.

(5)

Module II 

13. a)  With suitable diagram explain undercut moulding by cam actuation .  (8) 

b) Describe the principle of runner efficiency with examples.   (6) 

OR 

14. a) Explain the factors to be considered in gate design and location. (9) 

b) Compare and contrast between insert moulds and integer mould design (5) 

Module -III 

15. a) Write the detailed process involved in die design and development. (8) 

b) What is meant by blow up ratio, frost line and lay flat width. Explain. (6) 

OR 

16. a) Describe the design of calibration unit in pipe manufacture.              (6) 

b) Explain design features for plastic sheets and films.    (8) 

Module -IV 

17. a) Describe thermoform moulds for plug assist forming.             (8) 

b) Explain the design features used in snap back forming? (6)
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OR 

18. a) Explain tools used for injection blow mould and its design steps.             (8) 

b) Explain the design features used in roto mould design.  (6) 

Module -V 

19. a) Give a detailed description of stack mould design. (7) 

b) Explain the significance of hot runner moulds with its special features.  (7) 

OR 

20. a) Explain design steps using mechanical desktop. (7) 

b) Explain various tools used in evaluating plastic flow in a mould and its significance
(7) 

.............................................................................................. 

Syllabus 

Module 1: General introduction to core cavity design, parting surface, sprue, sprue pullers, 
mould cooling, Ejection system, mould daylights. 

Module 2: Feed system design, cooling system and Ejection system design for Injection  
moulds, split, undercuts, side core threads. Runnerless, hot and cold runner moulds, working 
of various ejection actuators, cooling of insert moulds, types and features. 

Module 3: Extrusion die design, flow through a die, die land, die body, straight through die, 
Cross head, Offset die design, Coat hanger, fishtail, annular, pipe die design, wire coating 
die, cold feed and hot feed die design. 

Module 4: Extrusion blow mould, single and multicavity design, injection blow mould, core 
rod design, stectch blow features of core rod ,  slush mould design. Thermoforming by 
matched mould, drape design, design of rotomoulds, foam mould features. 

Module 5: Semipositive, positive and flash design, vertical flash, horizontal flash, Transfer 
moulds by plunger ,multilayer moulds. Design tools and features of CAD, MDT, Unigraphics 
and software tools for design and analysis of moulds and dies. 

Text Books: 

1. Injection Mould & Molding - Dym

2. Injection Moulds – 130 Proven Design - Gastrow, H

3. Plastics Product Design Engineering Hand Book - Dubois, H

4. Plastics Product Design & Process Engineering - Belofsky, Harold
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Reference Books 

1. Design of Plastic Moulds and Die– Laszlo Sors- Elsevier Science Ltd -1989 
2. Injection Mould Design- RGW Pye- PRI Publications-1996 
3 Die Design for Extrusion of Plastic Tubes and Pipes: A Practical Guide –Sushil Kainth- 
Hanser Publications- 2017 
 
Course Contents and Lecture Schedule  

No Topic No. of 
Lectures 

1 Introduction (7 hrs) 
1.1 Core cavity design, parting surface, Sprue design, sprue pullers 3 
1.2 Mould cooling - System design fundamentals 2 
1.3 Ejection system, mould daylights, Multi daylight and multiplate 

moulds. 
2 

2 Injection mould design  (9 hrs) 

2.1 Feed system design, cooling system and Ejection system design 
for Injection  moulds. 

3 

2.2 Split actation design, undercuts, side core threads.  3 
2.3 Runnerless, hot and cold runner moulds, working of various 

ejection actuators, cooling of insert moulds, types and features. 
3 

3 Extrusion Die Design  (9 Hrs) 
3.1 Extrusion die design, flow through a die, die land, die body,  3 
3.2 Straight through die, Cross head, Offset die design, Coat hanger, 

fishtail,  
3 

3.3 Annular, pipe die design, wire coating die, cold feed and hot feed 
die design 

3 

4 Blow mould and thermoform mould design (10 Hrs) 
4.1 Extrusion blow mould, single and multicavity design, injection 

blow mould, core rod design, stectch blow features of core rod ,  
slush mould design.  

5 

4.2  Thermoforming by matched mould, drape design, design of 
rotomoulds, foam mould features. 

5 

5 Compresssion, Transfer Moulds and CAD (10 Hrs)  

5.1 Semipositive, positive and flash design, vertical flash, horizontal 
flash.  3 

5.2 Transfer moulds by plunger, multilayer moulds.  3 

5.3 Design tools and features of CAD, MDT, UNIGRAPHICS and 
software tools for design of moulds and dies. 4 
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POT 
395          CONDUCTING POLYMERS CATEGORY L T P CREDIT 

VAC 3 1 0 4 
 

Preamble: Out of five modules, first one is introduction to electronic states and 
triboelectricity. Second module deals with of electrical conduction mechanisms and topics 
related to charge storage and energy transfer. Significant topics of piezoelectricity, pyro 
electricity and ferroelectric properties in polymers are explained in module three. Fourth 
module is dedicated for detailing processing methods of conducting polymers.  Fifth module 
gives emphasis on the properties and applications of conducting polymers. After the 
completion of this course, students will be able to demonstrate knowledge of mechanism of 
electrical conduction in electroactive polymers and analyse the properties of conducting 
polymers with respect to the structure and choose conducting polymers for specific 
applications. 

Prerequisite: Polymer Materials and Polymer Physics. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Describe the principles of electrical conduction in polymer materials. 
CO 2 Explain the significance of electrical charge storage and energy transfer. 
CO 3 Illustrate different techniques to impart conductivity in polymers. 
CO 4 Understand the properties and synthesis of electroactive polymers. 
CO 5 Explain the applications  of conducting polymers. 
 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
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Evaluate    
Create    
 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Describe the principles of electrical conduction in polymer 
materials. 

1. Describe the principle of electrical conduction based on quantum theory.  

2. Explain the relevance of fermi energy level in conjugated polymers. 

3. Conduction mechanism of polyacetylene. 

Course Outcome 2 (CO2) : Explain the significance of electrical charge storage and energy 
transfer. 

1. Explain the concept of Excitons. 

 2 Correlate absorption spectrum and fluorescence spectrum in energy transfer  . 

3. Comment on the excimer decay in PVCA. 

  Course Outcome 3(CO3): Illustrate different techniques to impart conductivity in 
polymers. 
 
1. Explain the significance of encapsulation technique in polymer conduction. 
2. What is the role of graft copolymers in enhancing conducting segments in polymers.  
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3. Comment on the various die casting methods. 

Course Outcome 4 (CO4): Understand the properties and synthesis of electroactive 
polymers. 
 

1. Explain the synthesis of Organometallic polymers with transition metals. 

2. Explain the process of making electro active polymers from precursors? 

3. What is the role of Exotic solvents in making plastic conducting films? 

Course Outcome 5 (CO5): Explain the applications of conducting polymers. 

1. Organic resist materials are widely used in photolithography. Explain its function. 

2. Give an account of different application based on L-B films. 

3.Explain the application of polymers in sonar hydrophones and pyroelectric sensors.  

 

Model Question paper 

Reg No:______________  

Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY FOURTH SEMESTER 
B.TECH DEGREE EXAMINATION, MONTH & YEAR  

Max. Marks: 100                          POT 395   Duration: 3 Hours  

CONDUCTING POLYMERS 

                     (2019-Scheme- Honors) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. What is blue black thin films. 

2. Give the structure of polypyrrole? 

3. Give the principle of piezoelectric properties exhibited by PVDF. 

4. Define  conduction based on polymer structures and factors affecting it. 

5. Compare and contrast between photogeneration and photosensitisation?   

6. Define hole drift mobility and its significance. 

7. What are the limitations of plastics used as NLO materials? 

8. Describe the terms ESCA and ARC. 
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9. Define L-B film manufacture process? What is its significance.

10. Detail how MIS (metal Insulator semiconductor) is designed for transducers.

PART B  

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. a)  With a labelled diagram explain the parts and working of a photoresist.  (9) 

b) What is the role of band gap in determining conductivity in polymers ?  (5) 

OR 

12. a) Explain various functions of pn junction diodes and its structure in electrical
conductivity?          (9) 

b) Explain the role of dipole polarization in charge conduction process.  (5) 

Module II 

13. a)  With suitable diagram explain charge measurement equipments .  (8) 

b) Describe the principle of electronic energy transfer.          (6) 

OR 

14. a) Explain the factors to be considered in doping of polymer material for conduction .
(9) 

b) Compare and contrast between parting gate and step gate         (5) 

Module -III 

15. a) Write the detailed process involved in piezoelectric conduction.  (8) 

b) What is meant by polar crystals. Explain. (6) 

OR 

16. a) Describe the after treatment process used in ceramic composites.        (6) 

b) Explain various applications of biopolymers as conduction medium.  (8) 

Module -IV 

17. a) Describe any four synthesis methods of conducting polymers.  (8) 

b) Explain the design features of L-B films? (6) 

OR 

POLYMER ENGINEERING



18. a) Explain in situ polymerisation and its advantages in conducting properties.
      (8) 

b) Explain the manufacturing process used in precursor method for electroactive
materials.                                                                                                      (6)

Module -V 

19. a) Give a detailed description on the design of light emitting diodes.       (7) 

b) Illustrate on the main materials used in polymer batteries.      (7) 

OR 

20. a) Explain the significance and application of polymer membranes in EMI shielding.
(7) 

b) Explain its significance of polymer sensors and how  is it designed?
   (7) 

.............................................................................................. 

Syllabus 

Module 1: Electronic states, structural disorder, tight-binding theory, band structure of c-c 
bonds, band gap, pendant groups and electronic states, electron-hole interaction, molecular- 
ion model, photoemission, intrinsic bulk states, extrinsic bulk state, energy level diagram.  

Module 2: Charge carriers in semiconductors, dopant atoms and energy levels,donors and 
acceptors, probability function, charge neutrality, position of fermi energy level, fermi-dirac 
integral. Charging techniques, charge measuring techniques, interpretation of real charge and 
dipole polarization, concepts of electronic energy transfer, interpretation and measurement of 
electronic energy transfer. 

Module 3: Piezoelectricity of polypeptides, formation of electrets, structure of PVDF 
electrets, piezo and pyroelectric properties of polar crystals, properties of ceramic 
composites, piezoelectric relaxation. 

 Module 4: Solubility of conducting polymers, solvents, soluble and sulfonated conducting 
polymers, processing and coating by insitu polymerisation, melt and heat processability, 
colloidal solution and precursor methods, L-B films, direct vapour deposition, other 
deposition methods. 

Module 5: Applications of conducting polymers as batteries, light emitting diodes, sensors, 
electro optic devices, microwave and electrochromic devices, membranes, corrosion 
protection, imaging  and lithography. 

Text Books 
1. Kasap, Safa, and Peter Capper, eds. Springer handbook of electronic and photonic

materials. Springer, 2017.
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2. Malhotra, Bansi D. Handbook of polymers in electronics. ISmithers Rapra Publishing, 
2001. 

3. Nalwa, Hari Singh, ed. Handbook of Advanced Electronic and Photonic Materials 
and Devices, Ten-Volume Set. Vol. 1. Academic Press, 2000. 

 
Reference Books 

1 Yilmaz, Faris. Conducting polymers. 2016.. 
2 Taherian, Reza, and Ayesha Kausar. Electrical Conductivity in Polymer-Based Composites:    
Experiments, Modelling, and Applications. William Andrew, 2018. 
3 Kiess, Helmut G., and Dionys Baeriswyl, eds. Conjugated conducting polymers. Vol. 102. 
Berlin: Springer-Verlag, 1992.. 
4. Margolis, James, ed. Conductive polymers and plastics. Springer Science & Business 
Media, 2012.. 
    

Course Contents and Lecture Schedule  
No Topic No. of 

Lectures 
1 Introduction and theory  of Conducting Polymers (6 hrs) 

1.1 Electronic states, structural disorder, tight-binding theory, band 
structure of c-c bonds, band gap, pendant groups and electronic 
states,  
 

3 

1.2 Electron-hole interaction, molecular- ion model, photoemission, 
intrinsic bulk states, extrinsic bulk state, energy level diagram. 

3 

2 Charge carriers (12 hrs) 

2.1 Charge carriers in semiconductors, dopant atoms and energy 
levels,donors and acceptors,  

3 

2.2 Probability function, charge neutrality, position of fermi energy 
level, fermi-dirac integral.  

3 

2.3 Charging techniques, charge measuring techniques, interpretation 
of real charge and dipole polarization,  

3 

2.4 Concepts of electronic energy transfer, interpretation and 
measurement of electronic energy transfer.. 

3 

3 Piezo-pyero electricity (9 Hrs) 
3.1 Piezoelectricity of polypeptides, formation of electrets. 3 
3.2 Structure of PVDF electrets, piezo and pyroelectric properties of 

polar crystals. 
3 

3.3 Properties of ceramic composites, piezoelectric relaxation. 3 
4 Processing of CP’s (9 Hrs) 

4.1 Solubility of conducting polymers, solvents, soluble and 
sulfonated conducting polymers,  

3 

4.2  Processing and coating by insitu polymerisation, melt and heat 
processability,  

3 

4.3 Colloidal solution and precursor methods, L-B films, direct vapour 3 

POLYMER ENGINEERING



deposition, other deposition methods. 
5 Applications of CP’s(9 Hrs) 

5.1 Applications of conducting polymers as batteries, light emitting 
diodes. 

3 

5.2 Sensors, electro optic devices, microwave and electrochromic 
devices, membranes.  

3 

5.3 Corrosion protection, drug delivery and lithography. 3 
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POT 
397         PROCESSING OF PAINTS CATEGORY L T P CREDIT 

VAC 3 1 0 4 

Preamble: Out of five modules, first two modules details about the surface preparation 
,treatments and paint processing machinery. Third module deals with various types of paint 
application techniques. Fourth and fifth modules gives emphasis on the explains paint 
properties and their evaluation. After the completion of this course, students will be able to 
understand processing methods for paints and surface coatings. 

Prerequisite: Polymer physics and Polymer processing. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Describe the formulation of paints for various applications. 
CO 2 Explain the methods of paint manufacture. 
CO 3 Illustrate different application methods for paints. 
CO 4 Compare and contrast between various paints  properties expected and its evaluation 
CO 5 Exposure towards latest quality measurement techniques of paints. 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse 
Evaluate 
Create 
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Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Describe the formulation of paints for various applications. 

1. Describe the principle of polymer solubility.  

2. Explain the role of each  constituent of paint. 

Course Outcome 2 (CO2) : Explain the methods of paint manufacture. 

1. Explain the process of Enamel production. 

 2. Detail the procedure in preparing powder coating. 

3. Comment on the properties of each type of coating. 

  Course Outcome 3(CO3): Illustrate different application methods for paints. 

1. Explain the advantages of spraying. 
 

 2. What is the significance of electrodeposition. 

3. Explain Electrostatic spraying methods. 

Course Outcome 4 (CO4): Compare and contrast between various paint  properties expected 
and its evaluation  

1. Evaluation of mechanical and viscoelastic properties of paints. 

2. How do hiding power of paint is related to Rayleigh’s law . 
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3. Estimation of paint ageing properties. 

Course Outcome 5 (CO5): Exposure towards latest quality measurement techniques of 
paints.  

1. How to estimate viscosity of paints. Explain. 

2. Give an account of covering capacity. 

3.Explain the application of moisture detector.  

Model Question paper 

Reg No:______________  

Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

FIFTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100                          POT397   Duration: 3 Hours  

PROCESSING OF PAINTS 

(Polymer Engineering-Honours-2019-Scheme) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. Compare monochromic and analogous colour scheme.. 

2. Describe airless spray. What is its significance? 

3. Give the principle of dispersion of pigments. 

4. Define oxidative drying and factors affecting it. 

5. What is meant by alkaline treatment?   

6. Write a note on chemiphoretic deposition. 

7. What are the limitations and advantages of accelerated laboratory test of paints? 

8. What is the role of polymer solubility in paint formulations? 

9. Define the factors contributing towards adhesive forces in paint application. 

10. Detail how water borne coatings are made? 
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PART B  

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. Explain in detail the principles used in the selection of solvents for paint formulations.                                         
(14)  

     OR    

12. Explain the pretreatment methods in steel substrates before paint application process. 

                (14) 

                                                                   Module II 

13. Describe the principle of design of paints for marine applications.        (14) 

     OR 

14. a) Explain the factors to be considered in painting system for wood.       (9) 

b) Compare and contrast between glossy and mat finishes                    (5) 

Module -III 

15. a) Write the detailed process involved in spraying of paints.                    (8) 

b) What is meant by Electrostatic spraying. Explain.          (6) 

      OR 

16. a) What are the advantages and disadvantages of electrostatic spraying.      (6) 

b) Explain various applications of dip coating.            (8) 

Module -IV 

17. a) Describe any four mechanical testing done on polymer coatings.       (8) 

b) Explain the design features used in controlling hiding power of paints?      (6) 

     OR 

18. a) Explain schematic representation of specular glossmeter.                             (8) 

b) Explain the torsional braid analysis used for paint QC .                             (6) 

Module -V 

19. a) Give a detailed description on troubleshooting of paints with common defects and 
their rectifications.         ( 14) 

     OR 
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20. a) Explain Surface defects and the remedies of each commonly seen surface defects.
(14) 

.............................................................................................. 

Syllabus 

Module 1: Chemical and mechanical pre treatments, for steel substrates, solvent degreasing, 
alkaline cleaning, pickling,  treatment on aluminium substrate, etching, anodising, solvents 
and paint formulations. 

Module 2: Treatment for wood substrates, automotive refinishes, industrial uses, chemical 
resistance, Marine paints. 

Module 3: Paint application techniques, brushing, dip coating, flow coating, curtain coating, 
roller coating, spray painting, electrodeposition. 

 Module 4: Mechanical properties of coatings, optical properties, ageing properties, 
rheological properties, adhesive properties. 

Module 5: Storage stability, surface properties, floating, flooding, silking, foaming, skinning, 
flame retardancy, slip resistance, blistering, chalking, efflorescence, pinholing, flaking, 
sagging, bittiness,saponification, orange peel, floatation. 

Text Books 
1. Tracton, Arthur A., ed. Coatings materials and surface coatings. CRC Press, 2006.
2. Licari, James J., and Laura A. Hughes. Handbook of polymer coatings for electronics:

chemistry, technology and applications. William Andrew, 1990.
3. Brock, Thomas, Michael Groteklaes, and Peter Mischke. European coatings

handbook. Vincentz Network, 2014.
Reference Books 

1. Tracton, Arthur A., ed. Coatings technology handbook. CRC press, 2005.
2. Sward, George G., and A. E. Jacobsen. "Paint testing manual." American Society for
Testing & Materials, 1972.
3. Pfanstiehl, John. Automotive paint handbook: paint technology for auto enthusiasts & body
shop professionals. Penguin, 1998.
4. Malshe, V. C. Basics of paint technology part I. Prakash C. Malshe, 2010.

Course Contents and Lecture Schedule 
No Topic No. of 

Lectures 

1  Surface Treatment (7 hrs) 

1.1 Chemical and mechanical pre treatments, for steel substrates, 4 
1.2 Solvent degreasing, alkaline cleaning, pickling,  treatment on 3 

POLYMER ENGINEERING



aluminium substrate, etching, anodising, Paint solvents 
2 Treatment for wood , automotives  (9 hrs) 

2.1 Treatment for wood substrates 3 
2.2 Automotive refinishes, industrial uses  3 
2.3 Chemical resistance, Marine paints 3 
3 Paint application techniques  (10 Hrs) 

3.1 brushing, dip coating, flow coating, curtain coating 5 

3.2 Roller coating, spray painting, electrodeposition. 5 

4 Properties evaluation (9 Hrs) 
4.1 Mechanical properties of coatings, optical properties 5 

4.2 Ageing properties, rheological properties, adhesive properties. 4 
5 Quality control (10 Hrs)  

5.1 Storage stability, surface properties. 4 

5.2 Floating, flooding, silking, foaming, skinning, flame retardancy, 
slip resistance, blistering. 

4 

5.3 
Chalking, efflorescence, pinholing,flaking, sagging, 
bittiness,saponification, orange peel, floatation 2 
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POT302 POLYMER MACHINERY AND 
PRODUCT MANUFACTURING 

CATEGORY L T P CREDIT 
PCC 3 1 0 4 

Preamble: Objective of this course is to provide in depth knowledge about the product 
manufacturing processes used in polymer industries.This course introduces students to 
machineries usedto develop various types of products. After this course the student will be able 
to select the best processing options available and also to troubleshoot when a processing 
problem arise during production of parts. 

Prerequisite: Basic knowledge about polymer materials and their flow properties. 

Course Outcomes: After the completion of the course the student will be able to: 
CO1 Understand the basic concepts, machinery and troubleshooting of injection moulding. 
CO2 Define the importance of die design and process of Extrusion . 
CO3 Correlate the processing parameters and product manufacture by Blow moulding. 

CO4 Differentiate various thermoforming and rotational moulding process for different 
products. 

CO5 Understand the decoration of plastic products and methods of joining plastic products. 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category 
Continuous Assessment 

Tests End Semester Examination 
1 2 

Remember 10 10 20 
Understand 20 20 30 

Apply 20 20 50 
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Analyze    
Evaluate    
Create    

 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

 
Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: 
There will be two parts; Part A and Part B. Part A contain 10 questions with 2 questions from 
each module, having 3 marks for each question. Students should answer all questions. Part B 
contains 2 questions from each module of which student should answer any one. Each question 
can have maximum 2 sub-divisions and carry 14 marks.  
 
Course Level Assessment Questions 
 
Course Outcome 1 (CO1):Understand the basic concepts, machinery and troubleshooting of 
injection moulding. 

1. How Injection moulding machines are classified? 
2. Various types of Injection moulding Screws. 
3. Which are the major processing parameters that control the quality of moulded goods? 

 
Course Outcome 2 (CO2): Define the importance of die design and process of Extrusion. 

 
1. Understand Die design and plastic flow. 
2. Design of die for various types of extruded products. 
3. Compare hot feed and cold feed extruders. 

 
Course Outcome 3(CO3):Correlate the processing parameters and product manufacture by 
Blow moulding. 

1. Classification of extrusion blow moulding methods. 
2. Stretch blow moulding gives financial and aesthetic advantages.How? 
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3. Injection blow moulding is suitable for precision products. Why? 
 
Course Outcome 4 (CO4): Differentiate various thermoforming and rotational moulding 
process for different products. 

1. Forming of deep draw products is difficult in thermoforming.Why? 
2. Rotomoulding ensures quality product with minimum internal stress. Why? 
3. Plug assist thermoforming is better than vacuum forming. Why? 

 
Course Outcome 5 (CO5): Understand the decoration of plastic products and methods of 
joining plastic products. 

1. Advantages of snap fits over press fits. 
2. Explain various methods used for powder coating. 
3. Mechanism of Ultrasonic welding of plastic parts. 

 
 

Model Question Paper 
 
QP CODE:           PAGES: 2 
Reg No:______________ 
Name: ______________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  
SIXTH SEMESTER B.TECH DEGREE EXAMINATION,MONTH & YEAR 

Course Code: POT302 
Max. Marks: 100 Duration: 3 Hours 

POLYMER MACHINERY AND PRODUCT MANUFACTURING 
PART – A 

Answer All the Questions(10 x 3 = 30) 
 
1. Define feed system associated with Injection moulding. 

2. What is meant by screw plasticisation? 

3. Define Blow up ratio and lay flat width. 

4. What are the significance of screen pack? 

5. Which are the major plastic materials suitable for thermoforming? 

6. Why plastics in the form of powders are used in rotational moulding? 

7. What is meant by plastic welding? 

8. What is the major difference between injection and stretch blow moulding? 
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9. Write any two applications of Calendering. 

10. What is meant by fluidized bed coating? 

 

PART – B 
Answer one full question from each module (5 x 14 = 70) 

 
Module 1 

11. a) With a neat sketch explain parts of an Injection Mould. 

      b) What are the specialities of subsurface gate? 

                                  (9+5 = 14) 

                           OR 

12. a) With a neat sketch explain parts of an Injection moulding machine. 

     b) Toggle clamping has several advantages over hydraulic clamping.Summarize 

            (10+4= 14) 

Module 1I 
13. a) Describe the machinery and manufacturing process of PVC pipe. 

      b) Explain significant features of extrusion screws.                                             (9+5=14) 

                         OR 

14. Explain the process of  a) Blown film extrusion b) Co extrusion                        (7+7=14) 

 
Module III 

15. Elaborate on the machineries used in extrusion blow moulding. 

                         OR 

16. Explain in detail about multi cavity injection blow moulding. 

Module IV 
17. Explain a) Drape forming b) Matched mould forming c) Reverse draw forming  (5+5+4) 
 

                          OR 

18. Explain main features of thermoforming process and compare its advantages with moulding 
process.   
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Module V 
19. Explain the significance, methods and materials used in Powder coating. 

                        OR 

20. Explain in detail about different methods of thermoforming with examples.  

 
Syllabus 

Module 1 
Injection moulding, terminology, process description, moulding cycle, classification of moulds, 
2-plate and 3-plate moulds, different types of gates, cavity lay-out, setting up of mould, types of 
injection unit, elements of plasticating process, classification of screw, screw design, process 
control, clamping unit, classification of machine hydraulics, ancillary equipment, computer 
operation, trouble shooting of injection moulding, reaction injection moulding. 

 
Module 2 
Extrusion, principle, types of extruders, single screw and twin-screw extruders, metering, screw 
design, process control variables, types of dies, die design, typical extrusion diesstraight through 
dies, offset dies, crosshead dies, wire coating, dies for tubular film, flat film dies, sheet dies, tube 
dies, elastic properties and die swell, manufacturing of pipes, cables, wire coating, extrusion 
profiles, blown films, flat film, sheets, filaments, lamination, calibrators for rigid and semi rigid 
tubes, calibration of profiles, extrusion of elastomers. 

Module 3 
Blow moulding, terminology, basis, process variables, injection & stretch blow moulding, single 
and multi layer, extrusion blow moulding, extrusion heads, process controls for blow moulding 
machine, process and product controls, trouble shooting in blow moulding.  

Module 4 
Thermoforming, definition, methods of forming, thermoforming machinery, heating of 
sheet,heating cycle, stretching, concept, hot strength, blistering, sags, cooling and trimming the 
parts, heat balance, shrinkage, trimming operations. 

Module 5 
Rotational moulding, types of machines, moulds, materials, part design, calendering, types of 
calenders and strainer, embosser, winder, crowning, machinery powder coating, manufacturing 
methods, application methods, types of powder coating, finishing and machining of plastics, 
joining, welding and assembling of plastics.  

Text Books: 

1. Engelmann, Sven. Advanced thermoforming: methods, machines and materials, 
applications and automation. Vol. 8. John Wiley & Sons, 2012. 

POLYMER ENGINEERING



2. Bouvier, Jean-Marie, and Osvaldo H. Campanella. "Extrusion processing 
technology." Hoboken: Wiley (2014). 

3. Lee, Norman C. Practical guide to blow moulding. iSmithersRapra Publishing, 2006. 
 
Reference Books: 
1. Berins, M. (Ed.). (1991). Plastics engineering handbook of the society of the plastics industry. 
Springer Science & Business Media. 

2. Throne, J. L. (1996). Technology of thermoforming, Hanser.. 

3. Stevens, M. J., &Covas, J. A. (2012). Extruder principles and operation. Springer Science & 
Business Media. 

4. Rosato, D. V., Rosato, A. V., & Di Mattia, D. P. (2004). Blow molding handbook: technology, 
performance, markets, economics: the complete blow molding operation. HanserVerlag. 

5. Pye, R. G. W. (1983). Injection mould design: a design manual for the thermoplastics 
Industry. Godwin Books. 

Course Contents and Lecture Schedule: 
 

No. Details No. of 
Lectures 

1 Module 1 10 

1.1 Injection moulding, terminology, process description, moulding cycle, 
classification of moulds, 2-plate and 3-plate moulds 2 

1.2 
Different types of gates, cavity lay-out, setting up of mould, types of 
injection unit, elements of plasticating process, classification of screw, 
screw design, process control 

3 

1.3 Clamping unit, classification of machine hydraulics, ancillary equipment, 
computer operation 3 

1.4 Trouble shooting of injection moulding, reaction injection moulding 2 
2 Module II 9 

2.1 Extrusion, principle, types of extruders, single screw and twin-screw 
extruders, metering, screw design, process control variables 3 

2.2 Types of dies, die design, typical extrusion diesstraight through dies, 
offset dies, crosshead dies 2 

2.3 
Wire coating, dies for tubular film, flat film dies, sheet dies, tube dies, 
elastic properties and die swell, manufacturing of pipes, cables, extrusion 
profiles 

2 

2.4 Blown films, flat film, sheets, filaments, lamination, calibrators for rigid 
and semi rigid tubes, calibration of profiles, extrusion of elastomers 2 
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3 Module III 9 

3.1 
Blow moulding, terminology, basis, process variables, injection & stretch 
blow moulding, single and multi layer blowmoulding 3 

3.2 Extrusion blow moulding, extrusion heads, Continuous extrusion blow 
moulding 3 

3.3 Process controls for blow moulding machine, process and product 
controls, trouble shooting in  extrusion blow moulding. 1 

3.4 Stretch blow moulding advantages, machinery, trouble shooting 2 
4 Module IV 9 

4.1 Thermoforming, definition, methods of forming, 3 

4.2 
Thermoforming machinery, heating of sheet,heating cycle, stretching, 
concept, hot strength, blistering, sags, 3 

4.3 Cooling and trimming the parts, heat balance, shrinkage, trimming 
operations, troubleshooting. 

3 

5 Module V 8 

5.1 Rotational moulding, types of machines, moulds, materials, part design,  2 

5.2 calendering, types of calenders and strainer, embosser, winder, crowning,  2 

5.3 
Machinery powder coating, manufacturing methods, application 
methods, types of powder coating, finishing and machining of plastics, 
joining, welding and assembling of plastics. 

4 
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POT304 TYRE TECHNOLOGY 
CATEGORY L T P CREDIT 

PCC 3 1 0 4 

Preamble: Objective of this course is to explain the Industrial manufacturing of tyres along with 
its research and development.This course introduces students to machineries usedto manufacture 
various types of tyres. The formulation of tyre compounds, its processing, building and curing 
process is included. After this course the student will be able to explain the tyre grip mechanism, 
tyre design features and tyre testing methods. 

Prerequisite: Basic knowledge about polymer processing and elastomers. 

Course Outcomes: After the completion of the course the student will be able to: 
CO1 Understand the parts and functions of tyre. 
CO2 Define tyre sizing, tyre design and tyre grip mechanisms. 
CO3 Correlate the formulation of tyre with the property required from each part of the tyre. 

CO4 Explain the industrial manufacture of tyre including building, curing and post cure 
treatments. 

CO5 
Understand various raw material, in process and product tests performed in tyre 
companies for quality control.  

Mapping of course outcomes with program outcomes 

PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 
PO 
10 

PO 
11 

PO 
12 

CO 1 3 1 … … … … … … … … … … 

CO 2 3 1 … … … … … … … … … … 

CO 3 3 2 2 … … … 1 … … … … … 

CO 4 3 2 … … 1 … … … … … … … 

CO 5 3 2 … … 1 … … … … … … … 

Assessment Pattern 

Bloom’s Category 
Continuous Assessment 

Tests End Semester Examination 
1 2 

Remember 10 10 20 
Understand 20 20 30 

Apply 20 20 50 
Analyze 
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Evaluate    
Create    

 

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

 
Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: 
There will be two parts; Part A and Part B. Part A contain 10 questions with 2 questions from 
each module, having 3 marks for each question. Students should answer all questions. Part B 
contains 2 questions from each module of which student should answer any one. Each question 
can have maximum 2 sub-divisions and carry 14 marks.  
 
Course Level Assessment Questions 
 
Course Outcome 1 (CO1):Understand the parts and functions of tyre. 

1. What is the role of carcass in tyre? 
2. What is meant by tread patterns. 
3. Which are the major functions of a passenger car tyre? 

Course Outcome 2 (CO2): Define tyre sizing, tyre design and tyre grip mechanisms. 

1. Understand the tyre designation on the side wall of a tyre. 
2. Design and formulate thetube and tyre compounds. 
3. Compare tyres for different applications. 

 
Course Outcome 3(CO3):Correlate the formulation of tyre with the property required from each 
part of the tyre. 

1. Formulation oftyre compounds and give justification for the selection. 
2. Explain the treatment for tyre reinforcements? 
3. Explain the specific functions of the components of a tyre? 

 
Course Outcome 4 (CO4): Explain the industrial manufacture of tyre including building, curing 
and post cure treatments. 
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1. Explain the tyre building process? 
2. Explain the equipments and method of tyre  curing? 
3. Explain the green tyre and post cure treatments. 

 
Course Outcome 5 (CO5): Understand various raw material, in process and product tests 
performed in tyre companies for quality control. 

1. Explain various types of tess performed for quality control of tyres. 
2. Explain the test processes of non destructivetests  ontyres. 
3. Compare field tests and track test of tyres 

 
 
Model Question Paper 
QP CODE:           PAGES: 2 
Reg No:______________ 
Name: ______________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  
SIXTH SEMESTER B.TECH DEGREE EXAMINATION,MONTH & YEAR 

Course Code: POT304 
Max. Marks: 100 Duration: 3 Hours 

TYRE TECHNOLOGY 
PART – A 

Answer All the Questions(10 x 3 = 30) 
 
 

1. What is Tyresizing? 

2. Which are the properties significant for tyre cords? 

3. Define tyre flat spotting. 

4. What are the majortyre tread patterns and their significance? 

5. Which are the major rubbers used in tyre manufacture? Why? 

6. Why slip angle and cornering force are critical in tyres? 

7. What is meant by tyreimbalance? 

8. What is the major difference between radial and bias tyres? 

9.Define tyre noises and its reasons. 

10. What is meant by tyre non uniformity? How can it be avoided? 
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PART – B 
Answer one full question from each module (5 x 14 = 70) 

 
Module 1 

11. a) With a neat sketch explain parts of a bias tyre. 

    b) Explain Self align torque and its significance.                                                   (9+5 = 14) 

                        OR 

12. a) Explain tyre grip mechanism and tyre tread features. 

b) Explain the functions of the tyre  and contradictory requirements expected from tyre as a                   
product.                                                                .                                                     (8+6 = 14) 

                                                                   Module 2 
13.a) Explain the major differences in structural design of radial tyres compared to bias tyre. 

      b) What are the specialities of OTR tyres.                                                          (8+6 = 14) 

                       OR 

14. a) Explain the constructional features of tubeless tyres. 

       b) Explain the functional design of winter tyres with figures                           (8+6 = 14) 

                                                                  Module 3 
15. a) Describe the significance and methods of Tyre Cord treatment. 

       b)Explain the synthesis of RFL solution.                                                           (8+6 = 14) 

                         OR 

16.a) Compare and contrast between various cords materials used in tyres. 

  b) Compare the performance of Bias tyre with radial tyres in fuel  efficiency.       (8+6 = 14) 

                                                                 Module 4 
17. Elaborate on the machineries used in tyre building with its functions. 

                    OR 

18. Explain in detail about green tyre treatments and tyre curing.                             (7+7= 14) 

                                                               Module 5 
19. Explain the major destructive tests done in tyreindustries. Compare Raw material test and In- 
Process tests.                                                                                                             (9+5 = 14) 

                   OR 
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20.Explain in detail about tyre analysis for conicity, ply steer andtyrenon uniformity.  

                                (9+5 = 14) 

 
Syllabus 

Module 1 
Tyre functions, History on the design and development of tyres, current status of tyre industry in 
Indiaand its future prospects, tyre sizing, different components of a tyre, its geometry,basic 
functions, functions of a pneumatic tyre, load carrying, vibration and noise reduction, the tyre 
function as a spring, contribution to road adhesion, tyre friction contribution to driving control, 
steering control and self aligning torque.  

Module 2 
Solid tyres, concave tyres, winter tyres, OTR tyre, bicycle tyre, different types of tyres, bias, bias 
belted, radial, relative merits and demerits, their components, tube and tubeless tyres basic 
features. 

Module 3 
Manufacturing techniques of various tyres - two wheeler, car tyres, truck tyres, cycle tyres, cycle 
tubes, OTR tyres, aircraft tyres, automotive tubes, manufacture of tyre treads, beads, sidewalls, 
compounding techniques, principles of designing formulations for various rubber components, 
tyre reinforcement materials (textile, steel, glass, aramid), criteria of selection, different styles 
and construction, textile treatment (RFL dip). 

Module 4 
Tyremould design, green tyre design principles, methods of building green tyres for bias, bias 
belted, radial and tubeless tyres, green tyre treatments, tyre curing methods, curing bags, 
bladders, diaphragms, autoclave, airbag, bagomatic, autoform, post cure inflation, different types 
of tyre building machines, bead winding machine, bias cutters, curing presses. 

Module 5 
Tyre Testing and Quality Control ,Measurement of tyre properties, dimension and size-static and 
loaded, tyre construction analysis, endurance test, wheel and plunger tests, traction, cornering 
coefficient aligning torque coefficient, rolling resistance, non-uniformity dimensional variations, 
force variations, radial force variation, lateral force variation concentricity and ply steer, tyre 
balance, mileage, X-ray holography, foot print pressure distribution, BIS standards for tyres, 
tubes and flaps, quality control tests, failure mechanism of cord reinforced rubber, tyre forces on 
dry and wet road surface, traction forces on dry, wet, ice, snow and irregular pavements, tyre 
noise, mechanism of noise generation, flatspotting, fatigue resistance, pantographing, pneumatic 
resilience effect. 
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Text Books: 

1. De, Sadhan K., and Jim R. White, eds. Rubber technologist's handbook. Vol. 1. 
iSmithersRapra Publishing, 2001. 

2. Cebon, David. Handbook of vehicle-road interaction. 1999. 
3. Flintsch, Gerardo W., Kevin K. McGhee, Edgar de León Izeppi, and ShahriarNajafi. "The 

little book of tire pavement friction." Pavement Surface Properties Consortium 1 (2012). 

Reference Books: 
1. Clark, S. K. (Ed.). (1981). Mechanics of pneumatic tires. US Government Printing Office. 

2. French, T. (1989). Tyre technology. 

3. Kovac, F. J. (1973). Tire technology. 

4. Rodgers, B., & Waddell, W. (2005). Tire engineering. In Science and Technology of 
Rubber(Third Edition). 

Course Contents and Lecture Schedule: 
 

No. Details No. of 
Lectures 

1 Module 1 10 

1.1 
Tyre functions, History on the design and development of tyres, current 
status of tyre industry in India and its future prospects 2 

1.2 Tyre sizing, different components of a tyre, its geometry,basic functions 3 

1.3 
Functions of a pneumatic tyre, load carrying, vibration and noise 
reduction, the tyre function as a spring 3 

1.4 Contribution to road adhesion, tyre friction contribution to driving 
control, steering control and self aligning torque 2 

2 Module II 9 

2.1 Solid tyres, concave tyres, wintertyres, OTR tyre, bicycle tyre 3 

2.2 Different types of tyres, bias, bias belted, radial 3 

2.3 
Relative merits and demerits, their components, tube and tubeless tyres 
basic features 3 

3 Module III 9 

3.1 
Manufacturing techniques of various tyres - two wheeler, car tyres, truck 
tyres, cycle tyres, cycle tubes, OTR tyres, aircraft tyres 3 

3.2 Automotive tubes, manufacture of tyretreads, beads, sidewalls 2 

3.3 Compounding techniques, principles of designing formulations for 
various rubber components 2 

POLYMER ENGINEERING



3.4 Tyre reinforcement materials (textile, steel, glass, aramid), criteria of 
selection, different styles and construction, textile treatment (RFL dip) 2 

4 Module IV 9 

4.1 Tyremould design, green tyre design principles 3 

4.2 

Methods of building green tyres for bias, bias belted, radial and tubeless 
tyres, green tyre treatments, tyre curing methods, curing bags, bladders, 
diaphragms, autoclave, airbag, bagomatic, autoform 

3 

4.3 
Post cure inflation, different types of tyre building machines, bead 
winding machine, bias cutters, curing presses 3 

5 Module V 8 

5.1 
Measurement of tyre properties, dimension and size-static and loaded, 
tyre construction analysis 2 

5.2 

Endurance test, wheel and plunger tests, traction, cornering coefficient 
aligning torque coefficient, rolling resistance, non-uniformity 
dimensional variations, force variations, radial force variation, lateral 
force variation concentricity and ply steer, tyre balance, mileage, X-ray 
holography, foot print pressure distribution, BIS standards for tyres, 
tubes and flaps, quality control tests 

3 

5.3 

Failure mechanism of cord reinforced rubber, tyre forces on dry and wet 
road surface, traction forces on dry, wet, ice, snow and irregular 
pavements, tyre noise, mechanism of noise generation, flatspotting, 
fatigue resistance, pantographing, pneumatic resilience effect 

3 
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POT306 PAINTS AND SURFACE 
COATINGS 

CATEGORY L T P CREDIT 
PCC 3 1 0 4 

 

Preamble: Out of five modules, first two modules deals with the detailed studyof 
fundamentals of paint science and components of paint. Significant topics frommethodology 
of paint manufacturing,classification of paint, different testing methods and paint film 
defectsare included in the remaining modules.After the completion of this course, students 
should achieve sufficient knowledge aboutthe basics of paint technology. 
 
Prerequisite:Basic knowledge in Polymer materials. 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Describe fundamentals of paint science. 
CO 2 Explain the significance ofcomponents of paint. 
CO 3 Illustrate classification of paints based on binders and application. 
CO 4 Explain properties of paint. 
CO 5 Explain the significance of paint testing, defects and application methods. 
 

Mapping of course outcomes with program outcomes 

 PO 
1 

PO 
2 

PO 
3 

PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO 
10 

PO 
11 

PO 
12 

CO 
1 

3  1          

CO 
2 

3  1    2      

CO 
3 

3            

CO 
4 

3            

CO 
5 

3  1  2        

 

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
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Analyse    
Evaluate    
Create    
 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Describe the principle of reflection and  refraction 

2. Explain the chromaticity diagrams for colour measurements. 

3.What is haze and gloss? 

Course Outcome 2 (CO2)  

1. Explain the significance of solvents in paint formulation? 

 2. What is the function and types of extender pigment in paint. 

3. Comment on pigment properties. 

Course Outcome 3(CO3): 

1. Give an account of various types of binders used in paint industry. 

 2.Explain alkyd paints. 

3.Comment on marine coatings. 
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Course Outcome 4 (CO4):  

1. Understand various paint drying methods. 

2. Understand the factors affecting coating properties. 

3. Evaluate mechanical properties of coating. 

Course Outcome 5 (CO5):  

1.Explain paint film defects. 

2. Comment on various paint application methods.  

3.Explain the destructive testing of paint. 

Model Question paper 

Reg No:______________  

Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

SIXTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100                              Duration: 3 Hours  

POT306 PAINTS AND SURFACE COATINGS 

(2019-Scheme) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. Definereflection? 

2. Describe haze. What is its significance? 

3. Give the importance of metallic pigments. 

4. What is the function of binders? 

5. Give application of alkyd paints. 

6. Differentiate ball mill and sand mill. 

7. What is PVC? 

8. Describe optical properties of coating. 

9. How skinning of paints can be controlled? 
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10. Detail how mechanical cleaning can be done on substrates?

PART B  

(Answer one full question from each module, each question carries 14 marks) 

     Module I 

11. a) Describe chromaticity diagrams for colour measurements. (9M) 

b) How can you determine haze and gloss? (5M) 

12. a) Explain reflection, refraction and diffraction.            (14M) 

Module II 

13. a)With suitable diagram explain methods used for preparation of dispersion of
pigments.  (8M) 

b) Describe solvent properties. (6M) 

14. a) Describe pigment properties. (9M) 

b) Explain different additives used in paint foarmulation. (5M) 

Module -III 

15. a)Explain the importance of alkyd resins in paint industry. (8M) 

b) Give classification of paints based on application             (6M) 

16. a) Describe polyurethane coatings             (6M) 

b) Explain can coatings.             (8M) 

Module -IV 

17. a) Describe mechanism of paint film formation (8M) 

b)Explain how film thickness affect coating properties.   (6M) 

18. a) Explain optical properties of coatings. (8M) 

b)Explain the effect of rheological behaviour on paint performance. (6M) 

Module -V 

19. a) Give destructive testing of paint material.             (7M) 

b) Illustrate paint film defects.             (7M) 

20. a) Explain the surface cleaning methods used on metal surfaces. (7M) 
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b)Explain paint application methods.     (7M) 

.............................................................................................. 

 

Syllabus 

Module 1  

Fundamentals of paint science, reflection, refraction, diffraction, colour science, surface 
uniformity, chromaticity diagrams for colour measurements, dry film properties –gloss, 
hiding power, colour.  

Module 2  

Paint components, pigments, pigment properties, different types, selection, dispersion and 
colour matching of pigments, paint manufacture,solvents, different types, solvent properties, 
binder or resins,oils, driers, dilutents, additives, Oleo resinous Varnishes. 

Module 3  

Classification based on polymeric resin, emulsion, oil and alkyd paints, acrylic paints, epoxy 
coatings, polyurethanes, silicones, formaldehydebased resins,Polyester resins, chlorinated 
rubbers, hydrocarbon resins, vinyl resins,Classification based on application appliance 
finishes, automotive finishes, coil coatings, can coatings, marine coatings, aircraftfinishes. 

Module 4 

Mechanism of film formation and drying, factors affecting coating properties, film thickness, 
film density, internal stresses, pigment volume concentration (PVC). different methods used 
for film preparation, Mechanical and optical properties of coatings, ageing properties, effect 
of rheological behaviour on paint performance. 

Module 5 

Adhesion properties of coatings, factors affecting adhesive bond, thermodynamics of 
adhesion, testing of paint materials- destructive and nondestructive methods, paint film 
defects, surface cleaning treatments, paint application methods.  

Text Books 

1. Manufacturing Technology, M. Hastle Hurst. Swaraj Paul, “ Surface coating: Science  

  and Technology”, 1985,Wiley- Interscience 

2.R. Lambourne. “ Paint and Surface Coatings-Theory and Practice”, 1987(1) Ellis  

Horwood Chichester  Paint and Surface Coatings Lambourne and Strivens. 
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Reference Books 

1. Bentley, John, and Gerald Patrick Anthony Turner. Introduction to paint chemistry and 
principles of paint technology. CRC Press, 1997. 

2.  Sjoblom, Johan, ed. Encyclopedic handbook of emulsion technology. CRC press, 2001. 

3. Hess, Manfred. "Paint film defects. Their causes and cure." (1951). 

4. Herbst, Willy, and Klaus Hunger. Industrial organic pigments: production, properties, 
applications. John Wiley & Sons, 2006. 

 
Course Contents and Lecture Schedule  

No Topic No. of 
Lectures 

1  Paint Science(9 hours) 
1.1 Fundamentals of paint science, reflection, refraction, diffraction, 3 
1.2 colour science, surface uniformity, chromaticity diagrams for 

colour measurements, 
3 

1.3 dry film properties –gloss, hiding power, colour.  3 

2  Paint Components(9 hours) 

2.1 Paint components, pigments, pigment properties, different types, 
selection, dispersion and colour matching of pigments 

3 

2.2  solvents, different types, solvent properties, binder or resins oils 
and Oleo resinous Varnishes , Alkyd resins, Polyester resins, 

3 

2.3 Acrylicresins, amino resins, epoxy resins,Urethaneresins 
,extenders, additives, oils and driers, dilutents. 

3 

3  Paint Classifications (9 hours) 

3.1 Paint classifications- based on polymeric resin, emulsion, oil and 
alkyd paints, acrylic paints, epoxy coatings, 

3 

3.2 polyurethanes, silicones, formaldehyde based resins, Polyester 
resins, chlorinated rubbers, acrylics, hydrocarbon resins. 

3 

3.3 Classification based on application, appliance finishes, automotive 
finishes,coil coatings, can coatings, marine coatings, aircraft 
finishes.  

3 

4  Paint properties (9 hours) 
4.1 Mechanism of film formation and drying, factors affecting coating 

properties, film thickness, film density, internal stresses, pigment 
volume concentration (PVC). 

4 

4.2 different methods used for film preparation, Mechanical and 
optical properties of coatings, ageing properties, 

3 
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4.3 effect of rheological behaviour on paint performance 2 

5 Paint defects and testing(9 hours) 
5.1 Adhesion properties of coatings, factors affecting adhesive bond, 

thermodynamics of adhesion, 
3 

5.2 testing of paint materials- destructive and nondestructive methods, 3 
5.3 paint film defects, surface cleaning treatments, paint application 

methods.  
3 
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POT308 COMPREHENSIVE 
 COURSE WORK 

CATEGORY L T P CREDIT 
YEAR OF 

INTRODUCTION 

PCC 1 0 0 1 2019 
 

Preamble: The course is designed to ensure that the student have firmly grasped the foundational 
knowledge in Polymer Engineering familiar enough with the technological concepts. It provides an 
opportunity for the students to demonstrate their knowledge in various in Polymer Engineering subjects. 

Pre-requisite: Nil 

Course outcomes: After the course, the student will able to: 

CO1 Learn to prepare for a competitive examination  

CO2 Comprehend the questions in in Polymer Engineering and answer them with confidence 

CO3 Communicate effectively with faculty in scholarly environments 

CO4 
Analyze the comprehensive knowledge gained in basic courses in the field of in Polymer 
Engineering 
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Assessment pattern 

 
Bloom’s 
Category 

 
End Semester Examination 

(Marks) 
Remember 25 
Understand 15 
Apply 5 
Analyze 5 
Evaluate  
Create  
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End Semester Examination Pattern: 

A written examination will be conducted by the University at the end of the sixth semester. 
The written examination will be of objective type similar to the GATE examination. Syllabus 
for the comprehensive examination is based on following five in Polymer Engineering core 
courses.  

POT 203- Polymer Science 

POT 204- Latex Technology 

POT 301- Plastic Materials 

POT 305- Rubbers- Science & Technology 

POT 307–Polymer Processing 

The written test will be of 50 marks with 50 multiple choice questions (10 questions from 
each module) with 4 choices of 1 mark each covering all the five core courses. There will 
be no negative marking. The pass minimum for this course is 25. The course should be 
mapped with a faculty and classes shall be arranged for practicing questions based on the core 
courses listed above. 
 
Written examination : 50marks  
Total  : 50 marks 
 

Course Level Assessment and Sample Questions: 

 
1. Match the properties of the Column 1 and Column 2. 

 
a. Toughness          1. Resistance to plastic deformation 
b. Resilience    2.Time depend end permanent deformation under constant load 
c. Creep     3.Total Elongation at failure 
d. Hardness    4. Area under the stress-strain curve 

   5.Area under the elastic part of the stress strain curve 
 

2. Which of the following polymer is sensitive to moisture absorption? 

(Polyethylene, Polystyrene, Polybutadiene, Polyamide)              

3. High styrene Resin is used in ---------------------- Industry. 
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(Conveyor Belt, Shoe sole, Cable, Hose)        
4. Glass Transition temperature is dependent on 

(Chemical structure of the Polymer , Addition of plasticizer, Crosslink density, All the 3 
parameters) 

5. The polymer having Unsaturation in the side chain is 

         (NBR, SBR, EPDM, all the 3) 

6. Non Newtonian behavior means________________ 
(Variation of viscosity with shear, variation of viscosity with temperature, variation of 
viscosity with pressure, All the 3 paramerters) 
 

7. Furnace black with smallest particle size is_____________(SAF, ISAF,GPF,FEF) 
8. Storage hardening of NR is due to____________bonds. (C-C,C-H, C=O,C-Cl) 
9. Preform is a term associated with____________blowmoulding. (IBM,EBM,SBM,All) 

 
10. Melting temperature of Nylon 6 is___________ 

(218 degcel, 278 degcel, 267 deg cel,320 degcel) 
11. Polycarbonate is made from____________________(Bisphenol A, Naphtha, Crude oil, 

Styrene) 
12. High temperature & shorter curing time is preferred for_________________ 

(thick moulded article, thin moulded goods, SR compounds, NR compounds) 
13. Typical friction ratio for NR compound is ______________(1:1.25,1:3, 1:2,1:1.5) 
14. DRC of Cenex is ______________(30,60,45,80) 
15. Write the normal percentage of isoprene in IIR.(10, 15, 3, 12) 

 

 
 
 
 
 
 
 
 
 
 
 

 

POLYMER ENGINEERING



 

 

 

Course Code: POT 308 

Comprehensive Course Work 
MODULE 1 

Kinetic and thermodynamic views of glass transition, factors influencing glass transition 
temperature, degree of crystallinity, factors affecting crystallinity, polymer solutions, 
thermodynamic view of miscibility, effect of polymer structure onelectrical properties of 
polymers, clarity, transparency, haze, transmittance, reflectance, gloss. Chemical reactivity of 
linear and crosslinkedpolymers , polymer analogous reactions, chain end and random 
degradation, degradation by oxygen, ozone, heat, stabilisation to prevent degradation. 

MODULE 2 

Natural rubber latex, general composition,  preservation, fundamental latex characteristics, 
particle size and distribution, stability and destabilisation, coacervation, test methods, total 
solids, dry rubber content, total alkalinity, coagulum content, sludge content, pH, KOH number, 
mechanical, chemical and thermal  stability, VFA number, zinc oxide stability principles of latex 
compounding, de-ammoniation of latex,dipping methods,rubber-textile composite products, latex 
bonded fibrous structures, coir foam, latex treated rugs and carpet backing,latex foam processing 
methods,latex castings and moldings. 

MODULE 3 

Monomer preparation, polymerisation, properties and application of LDPE, HDPE, cross linked 
and chlorinated PE and PP,PVC, polyvinylidene chloride, PVA, polyvinyl acetate, PMMA and 
PAN, PU, PTFE, polyvinyl fluoride polyvinylidenefluoride.,PS,HIPS,ABS,SAN, and 
polyacetal.Thermoplastic polyesters, unsaturated polyester laminating resins, nylon-5, 6, 66, 
6,12,aromatic polyamide,properties and application of PF, preparation of phenol formaldehyde 
moulding powders, PF laminates. novolac, resol, MF and UF resins. 

MODULE 4 

Natural rubber, source, chemical formula, molecular weight distribution, crystallisation, 
structure-property relationship, chemical reactivity, various forms of natural rubber- crumb, 
sheet, crepe, SP rubber, DPNR, LNR, liquid rubber, classes of liquid elastomers, powdered 
rubber,IR, BR, IIR, SBR, NBR, CR, PU, silicone and EP rubbers -- synthesis of monomers, 
polymerisation, structure, properties, application, crosslinking by different methods, oxidation 
and ageing, halogenation of IIR. 

MODULE 5 
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Compounding ingredients- plasticisers, process aids, extenders, factice, mould release agents, 
tackifying agents, blowing agents, bonding agents, fragrances, antistatic agents, colorants, and 
other special additives, stabilizers, fillers, antioxidants, antiozonants, UV absorbers, flame 
retardants, peptiser, retarder, curing agents,Compounding, different methods, principles of 
mixing, dispersive and distributive mixing, mastication, two-roll mill mixing, internal mixers, 
compression moulding, transfer moulding. 
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POL 
332 PRODUCT MANUFACTURING LAB 

CATEGORY L T P CREDIT 
PCC 0 0 3 2 

Preamble: The product manufacturing lab is equipped with equipments to carry out the 
manufacturing of various rubber and plastic products.  

Prerequisite: Engineering Chemistry Lab. 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Develop skill to operate two roll mill, hydraulic press, hand press, various moulds 
etc. 

CO 2 Develop skill on measuring cure time and to correlate mastication time on plasticity/ 
viscosity  

CO 3 Develop skills to manufacture various rubber and plastic products 

CO 4 Develop team work skills through group activities. 

 

Mapping of course outcomes with program outcomes 

 PO 
1 

PO 
2 

PO 3 PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO 
10 

PO 
11 

PO 
12 

CO 
1 

2 1   2    2    

CO 
2 

2 1   2    2    

CO 
3 

2 2   2    2    

CO 
4 

2 1   1    3    

Assessment Pattern 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 75 75 2.5 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance       : 15 marks 
Continuous Assessment     : 30 marks 
Internal Test (Immediately before the second series test)  : 30 marks 
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End Semester Examination Pattern: The following guidelines should be followed 
regarding award of marks  
(a) Preliminary work           : 15Marks 
(b) Implementing the work/Conducting the experiment      : 10 Marks 
(c) Performance, result and inference (usage of equipments and trouble shooting)  :25 Marks 
(d) Viva voce            :20 marks 
(e) Record            : 5 Marks 
 
General instructions: Practical examination to be conducted immediately after the second 
series test covering entire syllabus given below. Evaluation is a serious process that is to be 
conducted under the equal responsibility of both the internal and external examiners. The 
number of candidates evaluated per day should not exceed 20. Students shall be allowed for 
the University examination only on submitting the duly certified record. The external 
examiner shall endorse the record. 
 
Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

Develop skill to operate different mixing and moulding equipments 
Course Outcome 2 (CO2)  
Develop skill to measure cure time and understand the effect of mastcation time on 
plasticity/viscosity 
Course Outcome 3(CO3): 
Develop skill to manufacture various rubber and plastic products 
Course Outcome 4 (CO4):  
1. Evaluating the experimentation capacity of student’s in group. 
2.Analysing the interpretation skill of results with group discussion. 
3. Reporting of experimental data, results and report within the stipulated time through team 
effort. 
 

LIST OF EXPERIMENTS 

(List at least 18 experiments out of which 12 are mandatory. 
 

Along with each experiment indicate the name of equipment required for conducting the 
experiment. This is mandatory as per an order received from AICTE ) 
Two-roll mixing mill, hydraulic press, hand press, various moulds etc. are needed for the 
following experiments 
 
1. Determination of cure time and 
2. Effect of mastication time on plasticity/ viscosity 
3. Work practice in mastication, band formation, homogenisation and mixing using a 
laboratory mill 
4. Preparation of micro cellular sheet 
5. V-strap 
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6. Tea mat 
7. Injection bottle cap 
8. Play ball 
9. Solid tyre 
10. Sponge 
11. Eraser and oil seal 
12. Man made hose 
13. Solvent based adhesives 
14. Hand lay-up: Plates prepared using glass fibre reinforced polyester composite 
15. Compression moulding- glass fibre reinforced polyester composite 
16. Two-roll mill and hydraulic press: Coir fibre reinforced natural rubber composite 
17. Work Practice in calendaring, Injection moulding, Rotational moulding and Extrusion 
18. Visit to factories manufacturing tyres and non tyre products 

Reference Books 

1. J.A. Brydson, Rubber Chemistry, Allied Science publishers, London, 1978 
2. C M. Blow and C. hepburn, Rubber Technology and manufacture, Butterworths, 1971 
3. J. A. Brydson, Rubber Materials and their Compounds, Elsevier, 1988 
4. J.A. Brydson, Plastic materials, Newnes Butterworths, 1999    
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CODE COURSE NAME CATEGORY L T P CREDIT 

POD334 MINIPROJECT PWS 0 0 3 2 

Preamble: This course is designed for enabling the students to apply the knowledge to 
address the real-world situations/problems and find solutions. The course is also intended to 
estimate the ability of the students in transforming theoretical knowledge studied as part of 
the curriculum so far in to a working model of a polymer system. The students are expected 
to design and develop a project to innovatively solve a real-world problem. 

Prerequisites: Subjects studied up to sixth semester. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 
No. 

Course Outcome (CO) Bloom's 
Category Level 

CO 1 
Make use of acquired knowledge within the selected area of 
technology for project development. Level 3: Apply 

CO 2 
Identify, discuss and justify the technical aspects and design 
aspects of the project with a systematic approach. Level 3: Apply 

CO 3 
Interpret, improve and refine technical aspects for 
engineering projects. 

Level 3: Apply 

CO 4 
Associate with a team as an effective team player for the 
development of technical projects. Level 3: Apply 

CO 5 Report effectively the project related activities and findings. Level 2: 
Understand 

Mapping of course outcomes with program outcomes 

POs 
COs 

PO 
1 

PO 
2 

PO 
3 

PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO 
10 

PO 
11 

PO 
12 

CO 1 3 3 3 3 3 3 3 3 - - - 3 
CO 2 3 3 3 3 3 - 2 3 - 3 2 3 
CO 3 3 3 3 3 3 2 3 3 - 2 3 3 
CO 4 3 3 2 2 - - - 3 3 3 3 3 
CO 5 3 - - - 2 - - 3 2 3 2 3 

3/2/1: high/medium/low 

Assessment Pattern 

The End Semester Evaluation (ESE) will be conducted as an internal evaluation based on the 
product, the report and a viva- voce examination, conducted by a 3-member committee 
appointed by Head of the Department comprising HoD or a senior faculty member, academic 
coordinator for that program and project guide/coordinator. The Committee will be 
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evaluating the level of completion and demonstration of functionality/specifications, 
presentation, oral examination, working knowledge and involvement. 

 The Continuous Internal Evaluation (CIE) is conducted by evaluating the progress of the 
mini project through minimum of TWO reviews. At the time of the 1st review, students are 
supposed to propose a new system/design/idea, after completing a thorough literature study 
of the existing systms under their chosen area. In the 2nd review students are expected to 
highlight the implementation details of the proposed solution. The review committee should 
assess the extent to which the implementation reflects the proposed design. A well coded, 
assembled and completely functional product is the expected output at this stage. The final 
CIE mark is the average of 1st and 2nd review marks.  

A zeroth review may be conducted before the beginning of the project to give a chance for 
the students to present their area of interest or problem domain or conduct open brain 
storming sessions for innovative ideas. Zeroth review will not be a part of the CIE evaluation 
process. 

Marks Distribution 

Total Marks CIE ESE 

150 75 75 

 

Continuous Internal Evaluation Pattern:  
 
Attendance                              : 10 marks  
Marks awarded by Guide        : 15 marks  
Project Report                         : 10 marks  
Evaluation by the Committee : 40 Marks 
 
End Semester Examination Pattern:  
 
The following guidelines should be followed regarding award of marks.  
(a) Demonstration   : 50 Marks  
(b) Project report     : 10 Marks  
(d) Viva voce          : 15marks  
 

Course Plan 

In this course, each group consisting of three/four members is expected to design and develop 
a moderately complex polymer product with practical applications. The basic concept of 
product design may be taken into consideration.  

Students should identify a topic of interest in consultation with Faculty-in-charge of 
miniproject/Advisor. Review the literature and gather information pertaining to the chosen 
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topic. State the objectives and develop a methodology to achieve the objectives. Carryout the 
design/fabrication or develop compounds / chemical formulations to achieve the objectives. 
Demonstrate the novelty of the project through the results and outputs. The progress of the 
mini project is evaluated based on a minimum of two reviews. 

The review committee may be constituted by the Head of the Department. A project report is 
required at the end of the semester. The product has to be demonstrated for its full design 
specifications. Innovative design concepts, reliability considerations, aesthetics/ergonomic 
aspects taken care of in the project shall be given due weight. 
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SEMESTER VI 
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POT312 HEAT AND MASS TRANSFER 
CATEGORY L T P CREDIT 

PEC 2 1 0 3 
 

Preamble: The students will be able to analyse chemical engineering operations involving 
mass transfer.This course will familiarise the modes of heat transfer and the various heat 
transfer equipments used in process industries. First two modules deals with heat transfer and 
rest of the modules are about mass transfer and the various unit operations and its material 
balances. 
 
Prerequisite: Basic knowledge in heat transfer and various unit operations. 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Familiarise with the modes of heat transfer and the associated laws 
CO 2 Apply dimensional analysis for forced and free convection 
CO 3 Know about diffusion and the governing laws 
CO 4 Learn about various unit operations and material balances 
CO 5 Design of heat exchangeequipment and rectification columns 
 
Mapping of course outcomes with program outcomes 

 PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 
1 

3            

CO 
2 

3            

CO 
3 

2 3           

CO 
4 

3            

CO 
5 

2 3           

 

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 10 20 20 
Apply 10 20 30 
Analyse 20  20 
Evaluate   10 
Create   10 
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Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project             : 15 marks 
 
End Semester Examination Pattern: There will be two parts: Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 
Course Level Assessment Questions 

Course Outcome 1 (CO1): Tofamiliarise with the modes of heat transfer and the associated 
laws. 
1. Explain with examples the various modes of heat transfer. 
2. Develop Laplace equation. 
3.The composite wall of an oven consists of three materials, two of which are of known 
thermal conductivity𝑘𝑘𝐴𝐴= 20 W/m K and 𝑘𝑘𝑐𝑐= 50 W/m K and known thicknessLA = 0.3 m and  
𝐿𝐿𝑐𝑐= 0.15 m. The third material, B, which is sandwiched between materials A and C is of 
known thickness LB = 0.15 m, but unknown thermal conductivity 𝑘𝑘𝐵𝐵. Under steady state 
conditions, measurements reveal an outer surface temperature of 20⁰C, an inner surface 
temperature of 600⁰C and oven air temperature of 800⁰C. The inside convection coefficient h 
is known to be 25 W/𝑚𝑚2K. Determine the value of 𝑘𝑘𝐵𝐵 . 
 
Course Outcome 2 (CO2): Toapply dimensional analysis for forced and free convection. 
1.What is characteristic length and equivalent diameter? 
2.A metal wire of 0.01 m diameter and thermal conductivity 200 W/m K is exposed to a fluid 
stream with a convective coefficient 1000 W/m2K. Determine the Biot number. 
3. Define Stanton number. 
 
Course Outcome 3(CO3):To know about diffusion and the governing laws 
1. Show that the diffusivity is same for diffusion of A in B or B in A. 
2. Explain the analogies between heat and mass transfer. 
3. Define Henry’s and Raoult’s law. 
 
Course Outcome 4 (CO4):To learn the various unit operations and material balances 
1. Explain time of drying in detail. 
2. Explain leaching operation. 
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3. Give the material and enthalpy balance for simple distillation. 
 
Course Outcome 5 (CO5): To design heat exchangers and distillation column 
1. Explain NTU method of heat exchanger analysis? 
2. Two fluids exchange heat in a counter current heat exchanger. Fluid A enters at 420⁰C and 
has a mass flow rate of 1 kg/s. Fluid B enters at 20⁰C and also has a mass rate of 1 kg/s. The 
effectiveness of the heat exchanger is 75%. Specific heat of fluid A is 1 kJ/Kg K, and that of 
B is 4 kJ/Kg K. Determine the exit temperature of fluid B and the heat transfer rate. 
3.Explain in detail the McCabe Thiele method. 
 
Model Question paper 

 

QP CODE:Reg No:______________  

PAGES:3Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY SIXTH SEMESTER 
B.TECH DEGREEEXAMINATION, MONTH & YEAR 

Max. Marks: 100                              Duration: 3 Hours 

POT312 HEAT AND MASS TRANSFER 

(2019-Scheme) 

Data Book (Approved for use in the examination) 

      PART A  

(Answer all questions, each question carries 3 marks)   

1. Define is thermal diffusivity. Give its significance? Write its units in SI system.  
2. Explain fin efficiency. 
3. Give the significance of Grashoff number. 
4. Explain Buckingham pie theorem. 
5. Define Fick’s law of diffusion. 
6. Explain diffusivity in gases. 
7. Explain freeze drying. 
8. Explain the significance of Absorption factor. 
9. Explain the characteristics of packings. 
10. Explain flash distillation.(10x3 = 30 marks) 

 

PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11.a)What are the basic modes of heat transfer? State the phenomenological laws in each 
mode of heat transfer. Write the relevant equations.                                                         
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b) The wall of a building is a multi-layered composite consisting of 100-mm layer of brick, a 
100-mm layer of glass fiber, a10-mm layer of gypsum plaster, and a 6-mm layer of pine 
panel. If hinsideis 10W/𝑚𝑚2K and houtside is 70 W/𝑚𝑚2K. Calculate the total thermal 
resistance and the overall coefficient for heat transfer. Also determine the interface 
temperatures. 
Properties: T= 300K, Thermal conductivity of: Brick = 1.3 W/m K, Glass fiber = 0.038W/m 
K, Gypsum = 0.17W/m K, Pine panel=0.12W/m K.                                      (6+8 = 14 marks) 
            
12.a)The inside surface of a brick wall (k = 1 W/m K) of 10 cm thickness is at a temperature 
of 930⁰C and the outside surface is exposed to ambient air at 30⁰C providing a heat transfer 
coefficient of 20 W/𝑚𝑚2K. Calculate the temperature of the outside surface. Calculate the 
thickness of insulation (k = 0.1 W/m K) that is needed so that outside surface temperature 
exposed to air will not exceed 90⁰C.  
b)  Develop an equation for temperature profile for a hollow cylinder with internal 
generation?                                                                                                    (8+6 = 14 marks)
        

           Module II 

13.a)Using dimensional analysis obtain the relation Nu=f(Re,Pr).State the assumptions and 
conditions clearly. 
b)Derive Reynolds analogy between heat and momentum transfer.             (9+5 = 14 marks) 

 

14. a) Water flowing in a steel pipe of diameter 0.02 m is to be cooled from 40⁰C to 30⁰C.The 
velocity of water in the steel pipe is 1.5 m/s. The inside surface temperature of the steel pipe 
is maintained at 25⁰C. The physical properties of water at mean bulk temperature of fluid are 
specific heat= 4.174 kJ/kg K, Density= 995 kg/𝑚𝑚3, Thermal conductivity= 0.623 W/m K, 
Viscosity= 7.65×10−4Pa.s. Calculate the convective heat transfer coefficient for water. Also 
calculate the length of tube required. 
b)Define Reynolds number and Nusselt number. Explain its physical significance. 
                                                                                                                          (9+5= 14marks) 

Module -III 

15. a) Explain equimolar counter diffusion. 
b) Ammonia diffuses through nitrogen gas under equimolal counter diffusion at a total 
pressure of 1.013 x 105Pa and at a temperature of 298 K. The diffusion path is 0.15 m. The 
partial pressure of ammonia at one point is1.5 x 104 Pa and at the other point is 5 x 103 Pa. 
Diffusivity under the given condition is 2.3 x 10−5𝑚𝑚2/s. Calculate the flux of ammonia.   
                                                                                                                          (5+9 = 14 marks)                               
16. a) Explain the material balance for various processes. 
b)Explain molecular diffusion and eddy diffusion.                                       (10+4 = 14 marks) 
 

Module -IV 

17. Explain tray tower in detail with a schematic diagram.                                    (14 marks)  
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18. a) Explain the properties of solvent for absorption. 

b) 1000 kg dry weight of non-porous solid is dried under constant drying conditions with an 
air velocity of 0.75 m/s, so that the surface area of drying is 55𝑚𝑚2. The critical moisture 
content of the material may be taken as 0.125 kg water/kg dry solids. If the initial rate of 
drying is 0.3 g/ 𝑚𝑚2.s. How long will it take to dry the material from 0.15 to 0.025 kg water/ 
kg dry solid?                                                                                                     (5+9 = 14marks) 

Module -V 

19.a) Explain single and multiple effect evaporator. 

b)Explain differential distillation and derive Rayleigh’s equation                  (6+8 = 14 marks) 

20. Using McCabe Thiele method how you will determine the number of theoretical plates in 
a fractionating column.                                                                                              (14 marks) 

.............................................................................................. 

 

Syllabus 

Module 1:Modes of heat transfer, laws governing heat transfer, thermal conductivity, general 
heat conduction equation in Cartesian coordinates,steady state one dimensional heat flow 
through rectangular, cylindrical and spherical system,steady state conduction through 
compound resistances in series, heat conduction with internal heat generation, thermal 
diffusivity, extended surfaces in heat transfer- fins, fin efficiency. 
 
Module 2: Convection thermal boundary layer concept, individual and overall heat transfer 
coefficients, Dimensional analysis for forced and free convection by Buckingham pie 
theorem, correlations used in both cases,Analogy between heat and momentum transfer- 
Reynolds and Colburn analogy, concept of LMTD for parallel and counter current flow, 
temperature-distance plots for different flow arrangements, determination of area, length, 
heat exchanger effectiveness- NTU, HTU. 
 
Module 3:Molecular diffusion, diffusion in liquids and gases, Ficks law, diffusivity of gases 
and liquids, steady state and equimolar counter diffusion in gases and liquids, analogies 
between heat and mass transfer, Daltons law, Henrys law, Raoults law, ideal and non- ideal 
liquid solutions, various unit operations and material balances- drying, absorption, 
distillation, evaporation, leaching. 
 
Module 4:Drying:equilibrium moisture content, bound and unbound moisture, critical 
moisture content, time of drying, rate of drying, drying curves, equipments for drying. Gas 
absorption- tray, spray and packed column, types and properties of tower packings, solubility 
of gas in a liquid and choice of solvent. 
 
Module 5:Distillation, plate efficiency, rectification, construction of fractionating column, 
determination of theoretical plates by McCabe Thiele method, relative volatility. 
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Evaporation- single and multiple effect evaporators, performance of evaporators, boiling 
point elevation, Duhrings rule, methods of feeding. 
 
Text Books 
1.Binay K Dutta, Principles of Mass Transfer and Separation Processes. PHI Learning Pvt. 
Ltd., 2015.  
2. K.V.Narayanan and B. Lakshmikutty, Mass Transfer,Theory and Applications.CBS 
Publishers.  
3.D.S Kumar, Heat and Mass Transfer.S. K. Kataria& Sons, 2009. 
4. K. A. Gavhane, Hear Transfer.NiraliPrakashan, 2008. 
5. R. K Rajput, Heat and Mass Transfer. S. Chand, 2007. 
6. Welty, Fundamentals of Momentum, Heat and Mass Transfer (5thed.).John Wiley &Sons, 
Inc.,2000. 
 
Reference Books 

1. Robert E Treybal, Mass Transfer Operations(3thed.). McGraw Hill, 1980 
2. Badger, Introduction to Chemical Engineering. Tata Mc Graw-Hill, 1984. 
3. Warren L McCabe, Julian C Smith, P Harriot, Unit operations of chemical 
Engineering(7thed.).McGraw Hill, 2005.  
 
Data Book (Approved for use in the examination): 
1.C P Kothandaraman, S Subramanyan, Heat and Mass Transfer Data Book(8thed.).New Age 
International (P) Limited, 2014. 
2. Steam table 
 
Course Contents and Lecture Schedule  
 

No Topic No. of 
Lectures 

1 Introduction to Heat Transfer (7 hours) 
1.1 Modes of heat transfer, laws governing heat transfer, thermal 

conductivity, general heat conduction equation in Cartesian 
coordinates. 

 
3 

1.2 Steady state one dimensional heat flow through rectangular, 
cylindrical and spherical system, steady state conduction through 
compound resistances in series, heat conduction with internal heat 
generation, thermal diffusivity 

2 

1.3 Extended surfaces in heat transfer- fins, fin efficiency.Numerical 
problems related to heat transfer 

2 

2 Formation of various Dimensionless numbers (7 hours) 

2.1 Concept of convection thermal  boundary layer, concept of 
individual and overall heat transfer coefficients, Dimensional 
analysis for forced and free convection by Buckingham pie theorem, 
Correlations used in both cases, Numerical problems 

 
2 

2.2 Significance of dimensionless numbers,Analogy between heat and  
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momentum transfer- Reynolds and Colburn analogy 2 
2.3 Concept of logarithmic mean temperature difference for parallel and 

counter current flow, temperature-distance plots for different flow 
arrangements, determination of area, length, heat exchanger 
effectiveness- NTU, HTU. Numerical problems. 

 
3 

3 Introduction to Mass Transfer(7 hours) 

3.1 Molecular diffusion, diffusion in liquids and gases, Ficks law, 
diffusivity of gases and liquids, steady state and equimolar counter 
diffusion in gases and liquids. Numerical problems related to 
diffusion.  

 
3 

3.2 Analogies between heat and mass transfer, Dalton’s law, Henry’s 
law, Raoult’s law, ideal and non- ideal liquid solutions. 

 
2 

 Unit operations: drying, absorption, distillation, evaporation, 
leaching (Material balances only). 

2 

4 Features of unit operations (7 hours) 
4.1 Drying- equilibrium moisture content, bound and unbound moisture, 

critical moisture content, time of drying, rate of drying, drying 
curves. Numerical problems on time of drying. 

2 

4.2 Equipments for drying: rotary dryers, conveyor dryer, drum dryer, 
spray dryer. Freeze drying 

2 

4.3 Gas absorption- solubility of gas in a liquid and choice of solvent, 
tray and packed column, counter and cocurrent operation (design 
and problems not required),types and properties of tower packings, 
associated problems - channeling, loading, flooding. 

 
3 

5 Design of unit operations (7 hours) 
5.1 Distillation methods: flash distillation (material and enthalpy 

balancesonly),differential distillation (Rayleigh’s 
equation),construction of fractionating column, plate efficiency. 

3 

5.2 Continuous rectification: Principles of rectification, design of 
fractionation columns by McCabe-Thiele method, relative volatility. 
(Problems not required) 

2 

5.3 Evaporation: single and multiple effect evaporators, performance of 
evaporators, boiling point elevation, Duhrings rule, methods of 
feeding. 

2 
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POT322 ENERGY ENGINEERING 
CATEGORY L T P CREDIT 

PEC 2 1 0 3 
  

Preamble: After studying this course students will be aware of different form of energy and 
methods for harnessing different energy resources.  They also understand the importance of 
energy conservation and the different methods employed for energy conservation in industry 
and day to day life.  

Prerequisite:NIL 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Identify different sources of energy , analyse the energy scenario and understand 
different conventional energy production systems 

CO 2 Explain the concepts of solar and ocean energy conversion 
CO 3 Explain the Wind and biomass energy conversion technologies 
CO 4 Explain the working and types of fuel cells and MHD systems 
CO 5 Explain the concepts of energy conservation and energy audit and apply the 

knowledge in process plants and daily life 
 

Mapping of course outcomes with program outcomes 

 PO 1 PO 2 PO 3 PO 4 PO 5 PO 6 PO 7 PO 8 PO 9 PO 
10 

PO 
11 

PO 
12 

CO 
1 

3 2    2 2     2 

CO 
2 

            

CO 
3 

2  3          

CO 
4 

  3          

CO 
5 

  3   3 2 2   2  

 

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 10 10 60 
Analyse 10 10 10 
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Evaluate    
Create    
 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Differentiate between renewable and non renewable energy resources 
2. Analyse the energy situation in India and give your suggestions  for a better energy 

independence 
3. Classify the different energy resources 

Course Outcome 2 (CO2)  

1. Discuss different Solar energy  conversion technologies 
2. Analyse the working of Solar PV system and suggest the methods to improve the 

efficiency 
3. Discuss the different ocean energy conversion technologies and comment on their 

future 

Course Outcome 3(CO3): 

1. Analyse the wind energy harnessing status in India 
2. Discuss different wind energy conversion technologies 
3. Analyse the process of biomass conversion technologies 

 

POLYMER ENGINEERING



Course Outcome 4 (CO4):  

1. Explain the working of a fuel cell and discuss the classification 
2. Explain the working of MHD systems 

Course Outcome 5 (CO5):  

1. discuss the energy conservation methods employed in chemical process plants 
2. Analyse the concept of pinch Technology  
3. Discuss the use of cogeneration as a energy conservation tool 

Model Question paper 
 
QP CODE:          PAGES:2 
Reg No:______________ 
Name :______________ 
 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  
SIXTH SEMESTER B.TECH DEGREE EXAMINATION, 

MONTH & YEAR 
Course Code: POT 322 ENERGY ENGINEERING 

Max. Marks: 100           Duration: 3 Hours 

(2019-Scheme) 
PART A 

(Answer all questions, each question carries 3 marks) 

1.Write a note on classification of energy resources 
2.Explain the principle of fluidised bed combustion 
3.Write the principle and working of solar pond 
4.Discuss the principle of tidal energy conversion  
5.Explain the steps in the anaerobic digestion of biomass 
6.Discuss the wind energy situation in India 
7.What is a fuel cell? Explain the principle and working 
8.Explain the methods to harness geothermal energy 
9.Distillation is an energy intensive operation. Give the energy conservation measures in a 

distillation column 
10. Explain the concept of Pinch Technology       (10x3=30 marks) 

PART B 

11. Discuss the present Indian energy scenario and give your suggestions for a better 
energy sustainability        (14 marks) 

OR 

12. With a neat lay out explain the working of thermal power plant. List out the merits and 
demerits          (14 marks) 
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OR 

13. a) Explain the working of different solar collectors (7  marks) 

b) Solar PV cells and its future. Comment (7 marks) 

14. With a neat diagram explain the working of open and closed cycle ocean thermal energy
conversion systems         (14 marks)

OR 

15. Explain different wind energy conversion systems (14 marks) 

16. Thermo chemical routes of biomass energy conversion systems: Explain the principle
and working (14 marks) 

OR 

17. Discuss the classification of fuel cell. Explain the working any two fuel cells (14 marks)

18. With a neat diagram explain the working MHD systems (14 marks) 

19. What is energy audit? Discuss different types and objectives (14 marks) 

OR 

20. Write in detail about the energy conservation measures in a chemical process plants

 (14marks)

Syllabus 
Module 1 (6 hours) 

Energy, general classification of energy, world energy resources and energy consumption, 
Indian energy resources and energy consumption, energy Crisis, energy alternatives,  thermal, 
hydel and nuclear power plants, efficiency, merits and demerits of the above power plants, 
fluidized bed combustion, combined cycle power plants 

Module 2 (7 hours) 

Solar energy, solar thermal systems, flat plate collectors, focusing collectors, solar water 
heating, solar cooling, solar distillation, solar refrigeration, solar dryers, solar pond, solar 
thermal power generation, solar energy application in India, , photo voltaic systems , energy 
plantations.  

Ocean wave energy conversion, ocean thermal energy conversion, tidal energy conversion, 

Module 3 (7 hours) 
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Wind energy, types of windmills, types of wind rotors, Darrieus rotor and Savanius rotor, 
wind electric power generation, wind power in India, economics of wind farm  

Biomass energy resources, thermochemical and biochemical methods of biomass conversion, 
combustion, gasification, pyrolysis, fermentation, anaerobic digestion 

Module 4 (7 hours) 

Fuel cells, alkaline fuel cell, phosphoric acid fuel cell, molten carbonate fuel cell, solid oxide 
fuel cell, solid polymer electrolyte fuel cell, Basic concepts of Microbial Fuel Cell 
Magneto hydro dynamics: open cycle and closed cycle systems,geothermal energy. 

Module 5 (8 hours) 

Energy audit and Energy conservation in chemical process plants, energy saving in heat 
exchangers, distillation columns,  furnaces and boilers, steam economy in chemical plants, 
energy conservation in petroleum, fertilizer and steel industry, cogeneration (CHP), pinch 
technology, recycling for energy saving, electrical energy conservation in chemical Process 
plants, environmental aspects of energy use.  

Text Books 

1. Rao S. &Parulekar B.B., Energy Technology, Khanna Publishers. 
2. Bansal N.K., Kleeman M. &Meliss M., Renewable Energy Sources & Conversion Tech., 

Tata McGraw Hill.  
3. Goldmberg J., Johansson, Reddy A.K.N. & Williams R.H., Energy for a Sustainable 

World, John Wiley 

Reference Books 

1. Sukhatme S.P., Solar Energy, Tata McGraw Hill   
2. Mittal K.M., Non-Conventional Energy Systems, Wheeler Publications 
3. Venkataswarlu D.I, Chemical Technology, S. Chand 
4.  Pandey G.N., A Text Book on Energy System and Engineering, Vikas Publishing. 
5.  Rai G.D., Non-Conventional Energy Sources, Khanna Publishers. 
6. S.S.Thipse, Energy conservation and management, Narosa Publishing House 

Course Contents and Lecture Schedule  
No Topic No. of 

Lectures 
1 Energy classification,  energy scenario and types of power plants (6 hours) 
1.1 general classification of energy, 1 

1.2 world energy resources and energy consumption, Indian energy 
resources and energy consumption 

1 

1.3 energy Crisis, energy alternatives,   1 
1.4 thermal, hydel and nuclear power plants 1 
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1.5 efficiency , merits and demerits of the above power plants, fluidized 
bed combustion 

1 

1.6  combined cycle power plants 1 
2 Solar energy and ocean energy (7 hours) 
2.1 solar thermal systems, flat plate collectors, focusing collectors 1 
2.2 solar water heating, solar cooling, solar distillation 1 
2.3 solar refrigeration, solar dryers, solar pond 1 
2.4 solar thermal power generation, solar energy application in India 1 
2.5 photo voltaic systems , energy plantations 1 
2.6 Ocean wave energy conversion, ocean thermal energy conversion, , 1 

2.7 tidal energy conversion 1 

3 Wind Energy and Biomass Energy (7 hours) 
3.1 Wind energy, types of windmills 1 

3.2 Types of wind rotors, Darrieus rotor and Savanius rotor, 1 
3.3 Wind electric power generation, wind power in India 1 
3.4 , economics of wind farm 1 
3.5 Biomass energy resources, 1 

3.6 Thermo-chemical methods of biomass conversion, combustion, 
gasification, pyrolysis 

1 

3.7 Biochemical methods of biomass conversion: fermentation, 
anaerobic digestion 

1 

4 Fuel cells, MHD and geothermal energy(7 hours) 
4.1 Fuel cells, alkaline fuel cell,  1 

4.2 Phosphoric acid fuel cell, Molten carbonate fuel cell 1 
4.3 Solid oxide fuel cell, solid polymer electrolyte fuel cell, Basic 

concepts of  Microbial Fuel Cell 
1 

4.4 Magneto hydro dynamics: introduction  1 
4.5 Open cycle and closed cycle systems, 1 
4.6 Geothermal energy 1 
4.7 Methods for harnessing geothermal energy 1 
5 Energy audit and Energy conservation (8 hours) 

5.1 Energy audit and Energy conservation in chemical process plants, 1 

5.2 Energy saving in heat exchangers, distillation columns,  furnaces and 
boilers 

1 

5.3 steam economy in chemical plants, 1 
5.4 energy conservation in petroleum, fertilizer and steel industry, 1 
5.5 cogeneration (CHP),  1 
5.6 pinch technology 1 
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5.7 recycling for energy saving 1 
5.8 Electrical energy conservation in chemical Process plants, 

environmental aspects of energy use. 
1 
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POT332 INDUSTRIAL BIOTECHNOLOGY 
CATEGORY L T P CREDIT 

PCC 2 1 0 3 
 

Preamble:This course gives students an insight into the essential concepts of industrial 
bioprocessing. This course summarizes the biological and engineering principles involved in 
the production of bioproducts and enzymes. Students get familiarize with the manufacturing 
techniques of various biotechnology industry products in a very cost effective manner.  

Prerequisite:Basic knowledge in Biotechnology. 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Understand on fermentation and its upstream and downstream processing. 
CO 2 Know about the production of commercially important primary and secondary 

metabolites. 
CO 3 Have an idea on biopolymers,vaccines and monoclonal antibodies. 
CO 4 Understand the use of biotechnology in human life like biofertilizers, 

bioremediation techniques. 
 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 10 20 20 
Apply 10 20 30 
Analyse 20  20 
Evaluate   10 
Create   10 
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Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project : 15 marks 
 
End Semester Examination Pattern: There will be two parts: Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

Course Outcome 1 (CO1): Tounderstand on fermentation and its upstream and downstream 
processing. 
1.Explain the different modes of fermentation operation. 
2. With a neat diagram explain the working of rotary filters. 
3.Draw a microbial growth curve and explain the different phases. 

Course Outcome 2 (CO2): Toknow about the production of commercially important 
primary and secondary metabolites. 
1. Name any two essential amino acids. 
2. Comment on the characteristics of a fermenter used in antibiotic production. 
3. With a neat process flow diagram explain the production of any one amino acid.  

Course Outcome 3(CO3):To familiarise with biopolymer, vaccines and monoclonal 
antibodies. 
1. Explain azeotropic distillation. 
2. Explain recombinant DNA technology. 
3. Mention the different types of bacteria used as SCP. 
 
Course Outcome 4 (CO4):To understand the use of biotechnology in human life like 
biofertilizers, bioremediation techniques. 
1. What is composting? 
2. Explain any two methods for algal production. 
3. What is biopreservation? Explain the biological methods of biopreservation. 
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Model Question paper 

QP CODE:Reg No:______________ 

PAGES:3Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY SIXTH SEMESTER 
B.TECH DEGREEEXAMINATION, MONTH & YEAR

Max. Marks: 100           Duration: 3 Hours 

POT 332INDUSTRIAL BIOTECHNOLOGY 

      (2019-Scheme) 

PART A 

(Answer all questions, each question carries 3 marks)  

1. Explain about microbial metabolites.
2.What is upstream processing?
3. What are primary metabolites?  Name any two primary metabolites.
4. What are the commercial uses of lactic acid?
5.Explain about the types of antibiotics.
6. Mention the types of proteases and their applications.
7. Give examples for biopesticides
8. What is SCP? Give its uses.
9. What is attenuation?
10. What is biotransformation?

(10x3 = 30 marks) 

PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11.a) Explain the different steps in bioprocess.

b) Explain in detail about Solid state fermentation. (8+6 = 14 marks) 

12.a) Elaborate the different methods used for cell disruption.
b) Draw a microbial growth curve and explain the different phases.     (8+6 = 14 marks)

Module II 

13. With a neat process flow diagram explain the production of any one amino acid.

(14 marks) 
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14. Explain about citric acid production.                                                                   (14marks) 

Module -III  

15. With a neat process flow diagram explain the production of penicillin.              (14 marks)                               
16.  Explain the production of an enzyme used in leather and wool industry.         (14 marks) 
 

Module -IV 

17.Explain the production of SCP.                                                                            (14 marks)  

18. a) Describe the process of cheese making. 

b) Explain the steps involved in biofertilizer production.                               (7+7 = 14marks) 

Module -V 

19.a) Explain the ex-situ method of bioremediation. 

b)Explain about bubble column bioreactor.                                                   (8+6 = 14 marks) 

20.a) Explain the different steps in recombinant vaccine production.       

b) What are biopiles? Explain.                                                                      (10+4 =14 marks) 

.............................................................................................. 

 

Syllabus 

Module 1: Introduction to Industrial Bioprocess, Fermentation- Solid State Fermentation and 
Submerged Fermentation, brief survey of organisms - bacteria, viruses, fungi, their products, 
fermenter, basic concepts of upstream and downstream process, process flow sheet, block 
diagrams. 
 
Module 2: Primary metabolites- production of commercially important primary metabolites 
like amino acids, organic acids and vitamins. Production of alcohol. 
 
Module 3:Secondary metabolites- production processes for various classes of secondary 
metabolites like antibiotics, Production of Enzymes. 
 
Module 4: Biopolymer, SCP, biopesticides, biofertilizers, beer, wine, dairy products. 
 
Module 5: Biopreservatives, bioremediation, production of vaccines, monoclonal antibodies, 
human insulin production, bioreactors. 
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Text Books 

1. P T Kalaichelvan and I Arul Pandi, Bioprocess Technology. MJP Publishers, 2007. 
2. Satyanarayana, U., Biotechnology. Books & Allied (P) Ltd., 2005. 
3.  L. E. Casida Jr., Industrial Microbiology. New Age International Pvt. Ltd. 
4. Balasubramanian, D. et al., Concepts in Biotechnology. Universities Press Pvt. 

Ltd.,2004. 
5. Kumar, H.D., A Textbook on Biotechnology (2𝑛𝑛𝑛𝑛  ed.). Affiliated East West Press Pvt. 

Ltd., 1998. 
 

Reference Books 

1. Ratledge, Colin and Bjorn Kristiansen, Basic Biotechnology (2𝑛𝑛𝑛𝑛  ed.).Cambridge 
University Press, 2001. 

2. Michael L Schuler and Fikret Kargi, Bioprocess Engineering Basic Concepts. 
Prentice Hall PTR, 2002. 

3. Moo-Young. M, Comprehensive Biotechnology(Vol 1-3). Pergamon Press (Oxford), 
2004. 

4. S. C. Prescott, C. G. Dunn, Industrial Microbiology. Agrobios, 2005.  
5. K. Buchholz, V. Kasche, U.T. Bornscheuer, Biocatalysts and Enzyme Technology. 

WILEY-VCH, 2005. 
6. Dubey, R.C., A Textbook of Biotechnology. S.Chand & Co. Ltd., 2006. 

 
 
Course Contents and Lecture Schedule  

No Topic No. of 
Lectures 

1 Introduction to Industrial Bioprocess and  Fermentation (8 hours) 
1.1 Introduction to Industrial Bioprocess, brief survey of organisms: 

bacteria, viruses, fungi. Microbial growth : Need for artificial 
culture, phases of microbial growth, Monod equation, Microbial 
metabolites 

 
2 

1.2 Fermentation technology, types of fermentation- SSF: 
microorganisms, substrates and environmental factors needed for 
SSF, SmF – types of culture systems: batch, continuous and fed 
batch culture. Fermenter: batch reactors, continuous reactors and fed 
batch bioreactors. Structure of a fermenter 

 
3 

1.3 Outline of various unit operations involved in the upstream and 
downstream operation –centrifugation, filtration,cell disruption 
techniques, precipitation, dialysis, BFD, PFD. 

 
3 

2 Primary metabolites and  alcohol (6hours) 

2.1 Manufacture of the following products with flow diagram- Amino 
acids: Glutamic acid, Lysine, Aspartic acid, production with its PFD 
– Organic acids: Citric acid, lactic acid, Gluconic acid. 

 
3 

2.2 Vitamins: Riboflavin, vitamin C, vitamin B12 – Alcohol: Ethanol,  
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organisms, raw materials used, processing steps, fermentation, and 
product recovery. 

3 

3 Secondary metabolites and Enzymes (8 hours) 

3.1 Production of secondary metabolites of industrial importance – 
Antibiotics: its classification, Penicillin, Streptomycin, tetracycline, 
griseofulvin, bacitracin 

 
4 

3.2 Enzymes: its classification, general purification methods for 
enzymes, Biosynthesis of Amylase, Protease, Lipases, Cellulase by 
microorganisms. 

 
4 

4 Biotechnology in human life(6 hours) 
4.1 Production of Biopolymer: Xanthan Gum and PHB, Single Cell 

Protein, Biopesticides: production - submerged fermentation, surface 
methodology and in vivo methodology, Bt-toxin. 

 
2 

4.2 Biofertilizers: its types, production of azotobacter, production of 
algae: trough method, pit method, field scale method, vermiculture 

2 

4.3 Beer, Wine, production of diary product: cheese 2 
5 Biotechnology in human life (7hours) 

5.1 Bioremediation : in situ and ex situ methods, composting, 
biofiltration, Biopreservatives: Bacteriocin, nisin 

3 

5.2 Production of vaccines, monoclonal antibodies and human insulin. 2 
5.3 Bioreactors: Batch or stir tank, air-driven column, bubble column, 

airlift bioreactor, fluidized bed reactor. 
2 
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POT342 MATERIAL SCIENCE AND 
ENGINEERING 

CATEGORY L T P CREDIT 
PEC 2 1 0 3 

 

Preamble:Material Science is an interdisciplinary field. It deals with the design and 
discovery of new materials. Material science incorporates elements of physics, chemistry and 
engineering. The course deals with various aspects of material science such as atomic 
structure, properties of materials, selection of materials etc. 

Prerequisite:A basic knowledge in physics and chemistry. 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Define qualitatively the structure and bonding schemes of solids.  

CO 2 Explain physical properties and possible applications of a given material.  

CO 3 Determine the stability of materials with all sorts of environments using phase 
diagrams. 

CO 4 Identify and compare the properties of alloys, ceramics, polymers, composite 
materials and their engineering applications. 

CO 5 Select suitable material for construction in chemical industries. 

 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse    
Evaluate    
Create    
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Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Define qualitatively the structure and bonding schemes of 
solids. 

1. Define coordination number 
2. Differentiate between crystalline and amorphous solids 
3. Draw and explain the miller indices of unit cell of cubic crystal lattice 

Course Outcome 2 (CO2) :Explain physical properties and possible applications of a given 
material. 

1. Compare isotropy and anisotropy 
2. Differentiate between ductility and malleability 
3. Explain the technological properties of solid materials 

Course Outcome 3(CO3):Predict the stability of materials with all sorts of environments 
using phase diagrams. 

1. State and explain Hume Rothery rules 
2. Draw and explain eutectic system with examples  
3. Draw and explain Iron carbon diagram 

Course Outcome 4 (CO4): Identify and compare the properties of alloys, ceramics, 
polymers, composite materials and their engineering applications. 

1. Write a note on aluminium and its alloys 
2. Classify ceramic and non-ceramic structures 
3. List some materials used for high temperature applications 
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Course Outcome 5 (CO5): Select suitable material for construction in chemical industries 

1. What are the factors affecting selection of materials for construction in chemical 
industry? 

2. What are the factors affecting corrosion? 
3. Explain aging of rubber 

 

Model Question Paper 

QP CODE:                                                                                                            PAGES:2 
 
Reg No:______________ 
Name :______________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 
SIXTH SEMESTER B.TECH DEGREE EXAMINATION,MONTH & YEAR 

Course Code: POT 342 
Max. Marks: 100                                                                                                                              
Duration: 3 Hours 

MATERIAL SCIENCE AND ENGINEERING 
                                                 (2019-Scheme) 

PART A 

(Answer all questions, each question carries 3 marks) 

1. Distinguish between crystalline and amorphous solids 

2. Explain Schottky defect. 

3. Distinguish between castability, machinability. 

4. List three mechanical properties of materials and define them 

5. Draw and explain Iron-Carbon diagram 

6. State and explain Hume Rothery rules 

7. Compare ceramic and non-ceramic structures 

8. List some materials used for high temperature applications 

9. What are corrosion inhibitors? 

10. Explain aging of rubber 

PART B 
(Answer one full question from each module, each question carries 14 marks) 

          Module -I 

11. Describe the various bonding patterns in solids 

12. Explain with neat sketches the 14 Bravais lattices in a cubic crystal lattice. 
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                                                      Module - II 

13. (a) Write a note on the mechanical properties of engineering materials. 

(b) Distinguish between paramagnetism and ferromagnetism 

14. (a) Describe stress-strain relationship using suitable diagram.  

       (b) Define Poisson’s ratio. 

                                                               Module -III 

     15.  What are solid solutions? Give an account of various types of solid solutions. 

     16.  Distinguish between eutectic and peritectic systems using a phase diagram 

  Module -IV 

     17. What are alloys?. Briefly describe aluminium and its alloys. 

     18. What are composite materials? Describe four applications of composite materials 

    Module -V 

     19. Describe the mechanism and factors influencing corrosion 

     20.  Explain the factors affecting the selection of materials.                  

 (14x5 =70) 
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Syllabus 

Module 1:Crystal Structure (5 hours) 

Structure of atom-present concept of atom-Rutherford’s and Bhor’s model, Bonding in 
solids-Types of solids-crystalline and amorphous solids-crystal systems-Bravais lattices-
millerindices-coordination number-crystal defects-determination of crystal structure-X-
raydiffraction-electron diffraction methods. 
 
Module 2:Properties of Engineering Materials(8 hours) 

Properties of engineering materials-mechanicalproperties -isotropy and anisotropy-elasticity, 
plasticity, toughness, resilience, tensilestrength, ductility, malleability, brittleness, hardness, 
fatigue, creep, wear resistance-Poisson’s ratio-stress-strain relation-true stress and true strain-
electrical and magneticproperties-resistivity-conductivity-ionic and electrical conductivity, 
semiconductors, superconductivity, insulators, ferroelectricity, piezoelectricity, 
magnetization, paramagnetism, ferromagnetism, and diamagnetism -technological properties-
castability,machinability, weldability, solderability, workability, formability. 
 
Module 3: Solid solutions(8 hours) 

Solid solutions-types of solid solutions-Hume Rothery rules-intermediate phases-mechanical 
mixtures-phasediagrams-eutectic systems-peritectic system,eutectoid and peritectoid systems- 
carbon diagram-T-T-T diagram-plastic deformation-recrystallisation-hot and coldworking of 
metals,Heat treatments-elementary study of various metals and alloys like castiron, 
carbonsteel, alloy steels. 
 
Module 4: Alloys and Composites(7 hours) 

Non-ferrous metals and alloys-aluminium and its alloys-copper and its alloys-Non 
ferrousmetals and alloys used for high temperature services and nuclear application 
Polymers and their properties-ceramics-classification-comparison of ceramic and non-
ceramicstructures-properties and application of ceramicsComposite materials-classification-
generalcharacteristics, Introduction to Nanocomposites.  
 
Module 5:Selection of Materials(7 hours) 

Corrosion-different types, mechanism and factors influencing corrosion-corrosionprevention-
inhibitors and their applications-oxidation-aging of rubber-oxidation of metalsand radiation 
damage-factors affecting the selection of materials for engineering purposesselectionof 
suitable materials for construction in chemical industry. 
 
Text Books 

1. Khanna O.P., A Text Book of Material Science & Metallurgy, Dhanpat Rai publishers 
2. Hajra Choudhary, Material Science & Processes, Dhanpat Rai publishers 

 

POLYMER ENGINEERING



Reference Books 

1. Van Vlack, Elements of Material Science, Pearson publishers 
2. Material Science and Engineering, William F. Smith, Javad Hashemi, Ravi Prakash, 

Mc Graw Hill 
3. Material Science and Engineering, Nehal Dash Kaushik Kumar, Apurba Kumar Roy, 

Wiley  
4. Callister’s Material Science and Engineering, R. Balasubramaniam, Wiley 

 
Course Contents and Lecture Schedule 

No Topic No. of 
Lectures 

1 Crystal Structure (5 hours) 
1.1 Structure of atom-present concept of atom-Rutherford’s and 

Bhor’s model 
1 

1.2 Bonding in solids- Types of solids-crystalline and amorphous 
solids-crystal systems 2 

1.3 Bravais lattices-miller indices-coordination number-crystal 
defects-determination of crystal structure-X-ray diffraction-
electron diffraction methods 

2 

2 Properties of  Engineering Materials (8 hours) 

2.1 Mechanical properties -isotropy and anisotropy-elasticity, 
plasticity, toughness, resilience, tensile strength, ductility, 
malleability, brittleness, hardness, fatigue, creep, wear resistance 

2 

2.2 Poisson’s ratio-stress-strain relation-true stress and true strain-
electrical and magnetic properties-resistivity -conductivity-ionic 
and electrical conductivity, semiconductors, superconductivity, 
insulators 

2 

2.3 Ferroelectricity, piezoelectricity, magnetization, paramagnetism, 
ferromagnetism, and diamagnetism 2 

2.4 Technological properties-castability, machinability, weldability, 
solderability, workability, formability 2 

3 Solid Solutions (8 hours) 
3.1 Solid solutions-types of solid solutions-Hume Rothery rules-

intermediate phases-mechanical mixtures 1 

3.2 Phase diagrams-eutectic systems-peritectic system 1 
3.3 Eutectoid and peritectoid systems 1 
3.4 Iron - carbon diagram-T-T-T diagram 2 
3.5 Plastic deformation-recrystallisation-hot and cold 

working of metals 1 

3.6 Heat treatments-elementary study of various metals and alloys like 
cast  iron,carbonsteel,alloy steels. 2 

4 Alloys and Composites (7 hours) 
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4.1 Non-ferrous metals and alloys-aluminium and its alloys-copper 
and its alloys 1 

4.2 Non ferrousmetals and alloys used for high temperature services 
and nuclear application  2 

4.3 Organic polymers and its properties-ceramics-classification-
comparison of ceramic and non-ceramic 
structures- 

2 

4.4 Properties and application of ceramics-composite materials-
classification-general characteristics. Introduction to 
nanomaterials. 

2 

5 Selection of Materials(7 hours) 
5.1 Corrosion-different types, mechanism and factors influencing 

corrosion 2 

5.2 Corrosion prevention-inhibitors and their applications-oxidation-
aging of rubber-oxidation of metalsand radiation damage 2 

5.3 Factors affecting the selection of materials for engineering 
purposes selection of suitable materials for construction in 
chemical industry. 

3 
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POT 
352 OPERATIONS RESEARCH 

CATEGORY L T P CREDIT 
PEC 2 1 0 3 

 

Preamble:Operational Research (OR) is a discipline to aid decision making and improving 
efficiency of the system by applying advanced analytical methods. The tools of Operational 
Research are not from any one discipline; rather Mathematics, Statistics, Information 
Technology, Economics, Engineering, etc. have contributed to this discipline of knowledge. 
This course aims at familiarizing the students with quantitative tools and techniques, which 
are frequently applied to business decision-making and to provide a formal quantitative 
approach to problem solving and an intuition about situations where such an approach is 
appropriate. 

Prerequisite: Nil 

Course Outcomes: After the completion of the course the student will be able to: 

CO 1 Recognize the importance and value of Operations Research and mathematical 
modelling to optimally solve a wide variety of engineering and management 
problems. 

CO 2 Formulate Linear Programming models and apply operations research techniques 
and algorithms to solve LP problems. 

CO 3 Understand the concept of duality and conduct post optimal analysis 

CO 4 Formulate transportation, assignment problems and drive their optimal solution. 

CO 5 Formulate Network models and apply operations research techniques and algorithms 
to solve Network problems. 

Mapping of course outcomes with program outcomes 

 PO 
1 

PO 
2 

PO 
3 

PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO 
10 

PO 
11 

PO 
12 

CO 1 3 3 3 2         

CO 2 3 3 3 2         

CO 3 3 3 3 2 1        

CO 4 3 3 3 2 2      3  

CO 5 3 3 3 2 1      3  

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
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Understand 10 10 20 
Apply 20 20 50 
Analyse 10 10 20 
Evaluate    
Create    

Mark distribution 

Total Marks CIE ESE ESE Duration 

150 50 100 3 hours 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  

Course Level Assessment Questions 

Course Outcome 1 (CO1): Recognize the importance and value of Operations Research and 
mathematical modelling to optimally solve a wide variety of engineering and management 
problems. 

1. Define Operations research. Write any two area of feasible application of OR. 
2. Explain different phases of Operation Research. 
3. Write down the basic structure of a linear programming problem in the mathematical 

form. 
4. Write down the applications of OR with examples. 

Course Outcome 2 (CO2):Formulate Linear Programming models and apply operations 
research techniques and algorithms to solve these LP problems. 

1. Solve the following problem by Simplex method and comment on the result. 
Maximize: Z = 5X1 +3X2 

Subject to: 4X1 - X2 ≤ 10; 2X1 +2X2 ≤ 50; X1, X2 ≥ 0 
2. A pharmaceutical company has 100kg of A, 180kg of B and 120kg of C ingredients 

available per month. The company can use these materials to make three basic 
pharmaceutical products namely 5-10-5, 5-5-10 and 20-5-10, where the numbers in 
each case represent the percentage of weight of A, B and C respectively in each of the 
products. The cost of these raw materials is as follows. 

Ingredients Cost/kg (Rs.) 
A 80 
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B 20 
C 50 

Inert 20 

The selling prices of these products are Rs.40.50, Rs.43 and Rs.45/kg respectively. 
There is a capacity restriction of the company for product 5-10-5 because of which 
company cannot produce more than 30kg per month. Determine how much of each of 
the product the company should produce in order to maximize its monthly profit. Use 
simplex method for solving the problem. 

3. Solve the following LPP by simple method:  
Maximize Z = 3X1 + 2X2 
Subject to: 2X1 + X2≤ 5, X1 + X2≤ 3 and X1, X2≥ 0 

Course Outcome 3(CO3):Understand the concept of duality and conduct post optimal 
analysis. 

1. Write the dual of the following LPP 
Minimize Z = 3X1−2X2+6X3 
 Subject to: 4X1+5X2+3X3 ≥ 7; 3X1+X2+6X3 ≥ 5; 7X1−2X2−3X3 ≤ 10 
                              X1−2X2+5X3 ≥ 3; 4X1+7X2−9X3 ≥ 2 and X1, X2, X3 ≥ 0 

2. Use penalty (Big-M) method to solve the LP problem below. 
Minimize Z = 5X1+3X2 
Subject to:   2X1+4X2 ≤ 12; 2X1+2X2 = 10; 5X1+2X2 ≥ 10; X1 and X2 ≥ 0 

3. Use two-phase simplex method to solve the following LP problem. 
Maximize Z = 3X1+2X2+2X3 

Subject to   5X1+7X2+4X3 ≤ 7; -4X1+7X2+5X3 ≥ -2 
      3X1+4X2−6X3 ≥ 29/7; X1, X2 and X3 ≥ 0  

4. State the general rules for formulating a dual LP problem from its primal. Write the 
dual to the following LP problem.  

Maximize Z = X1 - X2 + 3X3 
Subject to Constraints:  

X1 + X2 + X3 ≤ 10  
2X1 - X3 ≤ 2  
2X1 - 2X2 - 3X3 ≤ 6 and X1, X2, X3 ≥ 0 

Course Outcome 4 (CO4):Formulate transportation, assignment problems and drive their 
optimal solution. 

1. Raw materials from four different warehouses are to be transported to five different 
plants. The availability at each of the warehouses is 25, 30, 20 and 30 tons 
respectively. The demands in the corresponding plants are 20,20,30,10 and 25 tons. It 
is not possible to ship the raw material from warehouse 4 to plant 4. From the unit 
cost of transportation given below, find the initial basic feasible solution using least 
cost cell method.  

 
 
Source 

 1 2 3 4 5 Supply 
1 10 2 3 15 9 25 
2 5 10 15 2 4 30 
3 15 5 14 7 15 20 
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4 20 15 13 … 8 30 
Demand 20 20 30 10 25 105 

 

2. A Computer Centre has three expert programmers. The centre wants three application 
programs to be developed. The head of the Computer Centre, after studying carefully 
the programmes to be developed, estimates the computer time in minutes required by 
the experts for the application programmes as follows: 

  Programmers 
  A B C 

Program
mes 

1 120 100 80 
2 80 90 110 
3 110 140 120 

Assign the programmers to the programmes in such a way that the total computer time 
is minimum. 

Course Outcome 5 (CO5):Formulate Network models and apply operations research 
techniques and algorithms to solve these Network problems. 

1. Define following terms with respect to CPM/PERT: event, merge event, burst, event, 
activity, processor activity, successor activity, dummy activity. 

2. The flow capacities in a pipe network are shown in table below. Find the maximal 
flow from node 1 to node 6. 

 

 
3. The details of a project consisting of activities A to K are summarized in table below.  

Activity Immediate 
Predecessor(s) 

Duration Activity Immediate 
Predecessor(s) 

Duration 

A ... 7 G C 3 
B ... 3 H E, F 4 

C ... 4 I E, F 5 

D A 2 J D, H 6 

E A, B 3 K I, G 3 

F C 5    
Construct the CPM network, determine the critical path and project completion time. 

 

To 1 2 3 4 5 6 

 
 
 

From 

1 ... 30 60 15 ... ... 

2 20 ... 20 25 5 ... 
3 40 15 ... 20 ... 50 
4 25 20 40 ... 10 35 
5 ... 10 ... 40 ... 30 
6 ... ... 40 35 30 ... 
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Model Question paper 
QP CODE:           PAGES: 3 
Reg No: ______________                                           Name: __________________________ 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  
SIXTH SEMESTER B. TECH DEGREE EXAMINATION, MONTH & YEAR 

Course Code: POT 352 
Max. Marks: 100                                                                                         Duration: 3 Hours 

OPERATIONS RESEARCH 
 

PART – A 
Answer All the Questions (10 x 3 = 30) 

1. Define Operations research. Write any two area of feasible application of OR. 
2. Explain different phases of Operation Research. 
3. Explain clearly the following terms in LPP. 

i. Objective function 
ii. Decision Variables 

iii. Slack and Surplus Variables 
4. Explain the term duality in linear programming. 
5. Write the dual of the following LPP 

Minimize Z = 3X1−2X2+6X3 
 Subject to: 4X1+5X2+3X3 ≥ 7; 3X1+X2+6X3 ≥ 5; 7X1−2X2−3X3 ≤ 10 
X1−2X2+5X3 ≥ 3; 4X1+7X2−9X3 ≥ 2 and X1, X2, X3 ≥ 0 

6. Describe Big-M method. Explain when do you prefer to use it. 
7. Differentiate between Transportation and Transhipment problem 
8. List different time estimates used with reference to PERT. Write the expressions for 

expected duration of a project, and its standard deviation. 
9. Differentiate between PERT and CPM. 
10. Explain the conditions under which crashing of project is necessary. Write its effect 

on the project cost. 

PART – B 
Answer one full question from each module (5 x 14 = 70) 

 
Module 1 

11. (a) Maximize Z = 10X1 + 15X2 Subject to constraints,   
2X1 + X2 ≤ 26; 2X1 + 4X2 ≤ 56;  
X1 - X2 ≥ -5,  
X1, X2 ≥ 0  

(b) Maximize Z = 40X1 + 35X2 Subject to constraints,   
2X1 + 3X2 ≤ 60,  
4X1 + 3X2 ≤ 96,  
X1, X2 ≥ 0 

OR 

12. (a) Use the graphical method to solve the following LP problem. 
Maximize Z=2X1+X2subject to the constraints:   

X1 + 2X2 ≤  10  
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X1 + X2 ≤  6  
X1 - X2 ≤  2  
X1 -2X2 ≤  1 and  
X1, X2≥ 0 

(b) The manager of an oil refinery decides on the optimal mix of two possible 
blending processes of which the inputs and outputs per production run are as follows 

Process 
(units) 

Input (units) Output (units) 
Crude A Crude B Gasoline X Gasoline Y 

1 5 3 5 8 
2 4 5 4 4 

 
The maximum amount available for crude A and B are 200 units and 150 units 
respectively. Market requirements shows that at least 100 units of gasoline X and 80 
units of gasoline Y must be produced. The profit per production run for processes 1 
and 2 are Rs.300 and Rs.400 respectively. Formulate the LP problem. 
 

Module 2 
13. (a) Use penalty (Big-M) method to solve the LP problem below. 

Minimize Z = 5X1+3X2 
Subject to:   2X1+4X2 ≤ 12; 2X1+2X2 = 10; 5X1+2X2 ≥ 10; X1 and X2 ≥ 0 

OR 
14. Use two-phase simplex method to solve the following LP problem. 

Maximize Z = 3X1+2X2+2X3 
Subject to   5X1+7X2+4X3≤ 7 

       -4X1+7X2+5X3 ≥ -2 
      3X1+4X2−6X3 ≥ 29/7; X1, X2 and X3 ≥ 0  

Module 3 
15. State the general rules for formulating a dual LP problem from its primal. Write the 

dual to the following LP problem.  
Maximize Z = X1 - X2 + 3X3 
Subject to Constraints:  

X1 + X2 + X3 ≤ 10  
2X1 - X3 ≤ 2  
2X1 - 2X2 - 3X3 ≤ 6 and  
X1, X2, X3 ≥ 0 

OR 
16. Write the dual of the following linear programming problem.               

Minimize, Z = 20X1 + 23X2 
Subjected to:  

- 4X1 - X2 ≤ -8  
5X1 - 3X2 = - 4  
X1, X2 ≥ 0  

Solve the Dual problem using simplex method and predict the value of variables X1 
and X2 from the solution of dual linear programming problem. 
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Module 4 
17. A manufacturing company has three factories, F1, F2 and F3, and two retail outlets, 

R1 and R2. It wishes to transport its products from its factories to its outlets at 
minimum total cost. The table below gives details of demand and supply, and also the 
unit costs of transportation. 

 
(i) Prepare the North-West corner rule solution for the balanced form of this problem. 
(ii) Check the optimality of the solution and comment on it. 

OR 
18. A Computer Centre has three expert programmers. The centre wants three application 

programs to be developed. The head of the Computer Centre, after studying carefully 
the programmes to be developed, estimates the computer time in minutes required by 
the experts for the application programmes as follows: 

 Programmers 

A B C 

Program
mes 

1 120 100 80 

2 80 90 110 

3 110 140 120 

Assign the programmers to the programmes in such a way that the total computer time 
is minimum.  
 

Module 5 
19. The flow capacities in a pipe network are shown in table below. Find the maximal 

flow from node 1 to node 6. 

To 1 2 3 4 5 6 

 
 
 

From 

1 ... 30 60 15 ... ... 

2 20 ... 20 25 5 ... 
3 40 15 ... 20 ... 50 
4 25 20 40 ... 10 35 
5 ... 10 ... 40 ... 30 
6 ... ... 40 35 30 ... 

 
OR 

20. The details of a project consisting of activities A to K are summarized in table below.  
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Activity Immediate 
Predecessor(s) Duration Activity Immediate 

Predecessor(s) Duration 

A ... 7 G C 3 
B ... 3 H E, F 4 

C ... 4 I E, F 5 

D A 2 J D, H 6 

E A, B 3 K I, G 3 

F C 5    
Construct the CPM network, determine the critical path and project completion time. 

****************** 

Syllabus 

Module 1(8 Hrs.) 
Introduction to Operations Research: Introduction to OR models, Linear programming - 
Typical Applications of Linear programming problems, Problem formulation, Graphical and 
Algebraic method solutions of LPP, Simplex method for LPP. 
 
Module 2(7 Hrs.) 
Special cases in simplex method: Big-M method, Two Phase simplex method, Degeneracy, 
Multiple solutions, Unbounded solutions, Infeasible solutions, Sensitivity Analysis: 
Graphical and algebraic approaches. 
 
Module 3(6 Hrs.) 
Duality and Post-optimal analysis:  Dual of an LP, Primal-Dual relationships, Economic 
interpretation of duality, Dual Simplex method, Generalised simplex algorithm, Post-optimal 
analysis, Changes affecting feasibility and changes affecting optimality. 
 
Module 4(7 Hrs.) 
Transportation model and its variants: Definition, non-traditional transportation models, 
Transportation algorithm: Determination of the starting solution and iteration computations, 
Simplex method explanation of method of multipliers, Assignment model:  Hungarian 
method and its simplex explanation. 
 
Module 5(7 Hrs.) 
Network models: Scope and definition, Minimal spanning tree algorithm, Shortest route 
problem, maximum flow model, CPM and PERT: Network representation, Critical path 
computation, construction of the time schedule, LP formulation of CPM, PERT calculations. 
 
Text Books 

1. Hamdy A. Taha, “Operations Research, an introduction”, Eighth Edition, Prentice 
Hall of India, 2003. 

2. Edgar T. F., Himmelblau D. M., Optimisation of Chemical Processes, McGraw Hill. 
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Reference Books 
1. Miller D.M. and Schmidt J. W., Industrial Engineering and Operations Research, John 

Wiley and Sons, Singapore, 1990. 
2. Shennoy G.V. and Srivastava U.K., “Operation Research for Management”, Wiley 

Eastern, 1994. 
3. Bazara M.J., Jarvis and Sherali H., “Linear Programming and Network Flows”, John 

Wiley, 1990. 
4. Philip D.T. and Ravindran A., “Operations Research”, John Wiley, 1992. 
5. Hillier and Liebermann, “Operations Research”, Holden Day, 1986 
6. Budnick F.S., “Principles of Operations Research for Management”, Richard D Irwin, 

1990. 
 
Course Contents and Lecture Schedule 

No Topic No. of 
Lectures 

1 Introduction to Operations Research (8 Hrs.) 

1.1 Introduction to OR models, Linear programming - Typical Applications 
of Linear programming problems 2 

1.2 Problem formulation 2 
1.3 Graphical method solutions of LPP 1 
1.4 Algebraic method solutions of LPP 1 
1.5 Simplex method for LPP 2 
2 Special cases in simplex method (7 Hrs.) 

2.1 Big-M method 2 
2.2 Two Phase simplex method 1 
2.3 Degeneracy, Multiple solutions 1 
24 Unbounded solutions, Infeasible solutions 1 
2.5 Sensitivity Analysis: Graphical and algebraic approaches 2 
3 Duality and Post-optimal analysis (6 Hrs.) 

3.1 Dual of an LP, Primal-Dual relationships 1 
3.2 Economic interpretation of duality 1 
3.3 Dual Simplex method 1 
3.4 Generalised simplex algorithm 1 
3.5 Post-optimal analysis 1 
3.6 Changes affecting feasibility and changes affecting optimality 1 
4 Transportation model and its variants (7 Hrs.) 

4.1 Definition, non-traditional transportation models 1 

4.2 Transportation algorithm: Determination of the starting solution and 
iteration computations 2 

4.3 Simplex method explanation of method of multipliers 2 

4.4 Assignment model:  Hungarian method and its simplex explanation 2 
5 Network models (7 Hrs.) 

5.1 Scope and definition 1 
5.2 Minimal spanning tree algorithm 1 
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5.3 Shortest route problem 1 
5.4 Maximum flow model 1 
5.5 CPM and PERT: Network representation, Critical path computation 1 
5.6 Construction of the time schedule 1 
5.7 LP formulation of CPM, PERT calculations. 1 
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POT362 AIR POLLUTION CONTROL 
CATEGORY L T P CREDIT 

PEC 2 1 0 3 

Preamble: After studying this course students will be aware of air pollution and methods for 
controlling different pollutants.  They also understand the importance of measurementof air 
contents and quality control and the different methods employed for purification of air in 
industry and day to day life.  

Prerequisite:NIL 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Identify different sources of air pollution. 
CO 2 Explain the concepts of air purification. 
CO 3 Explain the chemistry of pollutants and its effects. 
CO 4 Explain the effects of air pollution on environment and human beings. 
CO 5 Explain the concepts of air quality control and audit. 

Mapping of course outcomes with program outcomes 

PO 
1 

PO 
2 

PO 
3 

PO 
4 

PO 
5 

PO 
6 

PO 
7 

PO 
8 

PO 
9 

PO 
10 

PO 
11 

PO 
12 

CO 
1 

3 2 

CO 
2 

2 

CO 
3 

2 

CO 
4 

3 

CO 
5 

3 3 

Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 10 10 60 
Analyse 10 10 10 
Evaluate 

POLYMER ENGINEERING



Create    
 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Differentiate between emission and spread. 
2. Analyse the air pollution level in industrial area. 
3. Classify the different pollutants. 

Course Outcome 2 (CO2)  

1. Discuss different air purification technologies 
2. Analyse the working of air purifiers and methods to improve the efficiency. 
3. Discuss the different air conversion technologies and comment on their future. 

 

Course Outcome 3(CO3): 

1. Analyse the air purification based on its chemistry. 
2. Discuss different chemical changes that occur by air pollution. 
3. Analyse the process of emission and diffusion. 

Course Outcome 4 (CO4):  

1. Explain the effect of air pollution on atmospheric visibility. 
2. Explain the health issues for workers in industries due to air impurities. 
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Course Outcome 5 (CO5):  

1. Analyse the concept of IAQ profile. 
2. Discuss the use of HVAC systems. 

Model Question paper 
QP CODE:          PAGES:2 
Reg No:______________ 
Name :______________ 
 

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  
SIXTH SEMESTER B.TECH DEGREE EXAMINATION, 

MONTH & YEAR 
Course Code: POT 362 AIR POLLUTION CONTROL 

Max. Marks: 100           Duration: 3 Hours 

(2019-Scheme) 
PART A 

(Answer all questions, each question carries 3 marks) 

1.Write a note on air quality. 
2.Write a note on photo chemical smog 
3.Write the principle and working of sellting chamber. 
4.Discuss the principle of noise pollution. 
5.Distinguish between primary and secondary air pollutants. 
6.Discuss the air pollution situation in India 
7.Write the significance of sulphur dioxide as a pollutant. 
8.Define the meteriological parameters to evaluate pollution. 
9.List  different types of srubbers.  
10. Name the air quality monitoring methods.        (10x3=30 marks) 

PART B 

11. Discuss the present methods for evaluating air purity and give your suggestions for a 
better environment.                     (14 marks) 

OR 

12. Explain the various aspects of Air pollution legislations. List out the merits and demerits 
of them.          (14 marks) 

13. Explain the working of air purifiers used in Various Industries.   
                        (14  marks) 

       OR 
14. With a neat diagram explain the working of automobile pollution control system. 

           (14 marks) 
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15. Explain different meteorological parameters that contribute to air quality and humidity
(14 marks) 

OR 

16. Particulates are significant in determining the air Quality. Explain the methods for
controlling particulates with advantages of each process.

            (14 marks) 

17. Discuss the Exhaust gas analyser. Explain the working of petrol gas analyser. (14 marks)

OR 

18. With a neat diagram explain air optics and factors controlling visibility. (14 marks) 

19. What is meant by internal air purification? Discuss different types and principle of any
two processes. (14 marks) 

OR 

20. Write in detail about the management measures in maintaining air quality through audit
and evaluation. (14 marks)
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Syllabus 

Module 1 (5 Hours) 
Introduction - Significance of air pollution studies, factors that contribute to air pollution - 
possibilities to air pollution abatemant - air pollution legislation - Techno - administrative 
aspects of air pollution - Emission and noise standards of Kerala State Pollution Control 
board. 

Module 2 (6 Hours) 

Gaseous pollutants-source, chemistry, adverse effects on plants, animals and human beings, 
properties - tolerance levels - carbon monoxide, carbon dioxide, aldehydes, hydrocarbons - 
compounds of sulphur, compounds of Nitrogen, Oxidants, Hydrogen fluoride - Control of 
gaseous pollutants - Automobile pollution control. 

Module 3 (9 Hours) 

Particulates in the air - source, nature and adverse effects - control of particulates - settling, 
filtration, collection in fluids, electrostatic precipitation, conversion to harmless and useful 
products. Meteorology related to atmosphere - pressure, temperature, lapse rates - humidity - 
condensation - wind direction and velocity. Effects of meteorological parameters on transport 
and diffussion. Atmospheric electricity. 

Module 4 (8 Hours) 

Optics of the atmosphere - Effects of air pollutants on atmospheric visibility - methods of 
measurement of visibility - Introduction to noise pollution. Photochemical reactions of the 
atmosphere. Purpose and principles of measurement of (1) High volume sampler (2) Exhaust 
gas analyser (petrol and diesel) (3) Stack sampler (4) Sound level meter - industrial hygiene 
and in plant safety to workers. 

Module 5 (7 hours) 

Ventilation and Indoor Air Quality Control, An Overview of Indoor Air Quality, Basics of 
HVAC Systems; IAQ Issues and Impacts on Occupants; Application of Audits to Developing 
an IAQ Profile, Developing Management Plans, IAQ Problems; Control, Quantification and 
Measurement, Air Pollution Dispersion-Dispersion Theory Basics- Air Quality Impact of 
Stationary Sources- Models and Resources. 

Text Books: 

1. C.S.Rao, Environmental Pollution Control Engineering, New Age International, New
Delhi, 1999.

2. Paul N. Cheremsinoff, AirPollution Control and Design for Industry, Taylor and
Francis, New York, 1993.
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Reference Books: 

1. Cooper, C. D., & Alley, F. C. (2002). Air pollution control: A design approach (Vol. 
65). Long Grove, Ill: Waveland press. 

2. Stern, A. C. (Ed.). (2014). Fundamentals of air pollution. Elsevier. 
3. De Nevers, N. (2010). Air pollution control engineering. Waveland press. 
4. Rao, M. N., & Rao, H. V. N. (1996). Air Pollution Control Tata Mc Graw Hill 

NewDelhi. 

Course Contents and Lecture Schedule  
No Topic No. of 

Lectures 
1 Significance of pollution studies (5 Hours) 
1.1 Significance of air pollution studies, factors that contribute to air 

pollution - possibilities to air pollution abatemant - air pollution 
legislation  

3 

1.2 Techno - administrative aspects of air pollution - Emission and noise 
standards of Kerala State Pollution Control board. 

2 

2 Source and Chemistry of pollutants (6 hours) 
2.1 Gaseous pollutants-source, chemistry, adverse effects on plants, 

animals and human beings, properties -.                                                                                             
2 

2.2 Tolerance levels - carbon monoxide, carbon dioxide, aldehydes, 
hydrocarbons 

2 

2.3 Compounds of sulphur, compounds of Nitrogen, Oxidants, Hydrogen 
fluoride - Control of gaseous pollutants - Automobile pollution 
control 

2 

3 Chemistry of pollution (7 hours) 
3.1 Particulates in the air - source, nature and adverse effects - control of 

particulates - settling, filtration, collection in fluids, electrostatic 
precipitation, conversion to harmless and useful products.  

3 

3.2 Meteorology related to atmosphere - pressure, temperature, lapse 
rates - humidity - condensation - wind direction and velocity.  

2 

3.3 Effects of meteorological parameters on transport and diffussion. 
atmospheric electricity. 

2 

4 Effects of Pollution(8 hours) 
4.1 Optics of the atmosphere - Effects of air pollutants on atmospheric 

visibility - methods of measurement of visibility -  
2 

4.2 Introduction to noise pollution. Photochemical reactions of the 
atmosphere.  

2 
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4.3 Purpose and principles of measurement of (1) High volume sampler 
(2) Exhaust gas analyser (petrol and diesel) (3) Stack sampler (4). 

2 

4.4 Sound level meter - industrial hygiene and in plant safety to workers 2 
5 Air Quality control & Audit(7 hours) 

5.1  Overview of Indoor Air Quality, Basics of HVAC Systems, IAQ 
Issues and Impacts on Occupants;  

3 

5.2 Application of Audits to Developing an IAQ Profile, Developing 
Management Plans, IAQ Problems; Control, Quantification and 
Measurement,  

2 

5.3 Air Pollution Dispersion-Dispersion Theory Basics- Air Quality 
Impact of Stationary Sources- Models and Resources 

2 
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POT372 CATALYST SCIENCE AND 
CATALYTIC PROCESSES 

CATEGORY L T P CREDIT 
PEC 2 1 0 3 

Preamble: The science and technology of catalysis is of great significance as it affects our 
daily life. Four major sectors of the world economy; petroleum and energy production, 
chemicals and polymer production, food industry and pollution control, involve catalytic 
processes. Catalysis involves understanding of the thermodynamics, kinetics, electronic 
interaction, crystal structure, reactor design and process development for a catalytic process. 
The Topics included in the course are different types of Catalysis, Thermodynamics of 
adsorption, reparative methods and Characterisation of catalysts, industrial catalysis and 
modern trends in catalysis. 

Prerequisite: Nil 

Course Outcomes: After the completion of the course the student will be able to 

CO 1 Apply the basic concepts & theory for characterization of catalysts. 
CO 2 Describe the preparation of catalysts for various unit processes. 
CO 3 Explain various catalytic processes in industries. 
CO 4 Describe the deactivation of catalysts. 
CO 5 Analyse modern trends in catalysis 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse 
Evaluate 
Create 
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Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  

Course Level Assessment Questions 

 Course Outcome 1 (CO1):  

1. Classify catalysts on the basis of catalytic structure. 

2. Describe Langmuir adsorption isotherm in various forms. 

3. what are the different steps in catalytic reaction. 

Course Outcome 2 (CO2)  

1. Describe Sol gel process with a neat sketch and flow charts. 

 2. Describe co-precipitation with example. 

3. What are catalytic agents? Give examples. 

Course Outcome 3(CO3): 

1. List any three transition metal catalysts with application. 

 2. List any five industrial application of Zeolite 

Course Outcome 4 (CO4):  

1. What is the significance of regeneration of catalysts? 

2. Describe poisoning method of catalyst deactivation. 
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Course Outcome 5 (CO5):  

1. Describe photo catalytic reaction with an example 

2. List the advantages of nano catalysis over conventional catalytic processes. 

3. Describe Sintering method of catalyst deactivation. 

 

Model Question paper 

QP CODE:           PAGES: 3 

Reg No: ______________                                           Name: __________________________ 
APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY  

SIXTH SEMESTER B. TECH DEGREE EXAMINATION, MONTH & YEAR 
Course Code: POT 372 

Max. Marks: 100                                                                                         Duration: 3 Hours 
CATALYST SCIENCE AND CATALYTIC PROCESSES 

 
PART – A 

Answer All the Questions (10 x 3 = 30) 

1. Write notes on catalyst selectivity. 

2. Differentiate physisorption & Chemisorption 

3. With example explain flame hydrolysis. 

4. Mention industrial application of zeolite. 

5. What are catalytic promoters. 

6. Define Bragg’s law. 

7. What you mean by deactivation of catalyst. 

8. What is sintering of catalysts. 

9. Give any three examples for biocatalysts. 

10. What are the types of phase transfer catalysis. 

 
PART B 

(Answer one full question from each module, each question carries 14 marks) 

Module -I 

11. a)Explain any two adsorption isotherms.     (10 marks) 
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b) explain different steps involved in heterogenous catalytic reaction.           (4marks) 

12. a).write the general characteristics of catalysis (7marks) 

b). explain classification of catalysts. (7marks) 

Module -II 

    13 a). Describe precipitation & co-precipitation method of catalyst preparation with 
suitable examples. (7marks) 

b). Explain sol gel method of catalyst synthesis with necessary steps, and suitable 
example. (7marks) 

14. a).Explain chemical vapour decomposition technique with example.  (7marks) 

b). Explain zeolite preparation. Mention its uses as a catalysts. (7marks) 

Module -III 

15. a).Explain BET method to find the surface area of catalysts. (7marks) 

b).Explain XRD for catalyst characterization.  (7marks) 

16. a).Explain Chemisorption techniques for catalyst characterization. Classify the method
according to gases used.         (6marks)

b). State the importance of catalyst characterization. Classify different characterization
methods.                    (7marks)

    Module -IV 

17. a).Describe on catalyst deactivation? Classify based on mechanisms.      (6marks)

b). Explain the mechanism of coke formation on catalysts with neat sketches. (8marks).

18. a).Explain regeneration of deactivated catalysis.  (9marks)     

b). Explain coke formation on catalysts. (5marks) 

Module -V 

19. a). Explain transition metal catalysts & list any two industrial application.  (7marks)
 b). Explain the different  transfer catalysis with industrial application. (7marks) 

20. a). Differentiate homogenous & heterogenous catalysis. Explain any two heterogenous
catalysts    with industrial application.       (7marks)
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b). describe bio catalysis &phocatalysis with industrial application. (7marks) 

Syllabus 

Module 1(6 Hrs.) 

General characteristics of catalysis, Classification of Catalyst, Thermodynamics of 
adsorption, Physical adsorption and chemisorption.  

Module 2(7 Hrs.) 

Catalyst preparative Methods-Precipitation and co precipitation, Sol gel process, Flame 
hydrolysis, Supported catalyst from CVD and related techniques, methods  preparation and  
structure of supports, Synthesis of aluminosilicate zeolites. 

Module 3(7 Hrs.) 

Catalyst Characterisation- surface area measurements, BET theory, Pore size distribution, 
Porosimetry, Chemisorption techniques, Static and dynamic methods, Crystallography and 
surface analysis techniques – XRD, NMR. 

Module 4(7 Hrs.) 

Deactivation -classification of catalyst deactivation processes. poisoning of catalysts, 
poisoning of metallic catalysts, poisoning of non-metallic catalysts, poisoning of  bifunctional 
catalysts, coke formation on catalysts, metal deposition on catalysts ,sintering of 
catalysts.Regeneration of deactivated catalyst. 

Module 5(8 Hrs.) 

Industrial catalysis -Homogeneous, Heterogeneous catalysis, Biocatalysts and their typical 
industrial applications. Transition metal catalyst, Organo-metallic catalyst, Dual function 
catalyst, Zeolite and their typical industrial applications. Modern trends in catalysis – Phase 
transfer catalysis, electro catalysis,Nano catalysis, Polymer supported catalysis, Bio catalysis, 
Photo catalysis. 
Text Books 

• Smith, J.M, Chemical Engineering Kinetics, McGraw Hill 2.

Reference Books 

1. B. Viswanathan, S. Sivasanker A. V. Ramaswamy, Catalysis: Principles and
Applications,   Academic Press

2. Diazo Kunii, and Octave Levenspiel, Fluidization Engineering, ButterworthHeinemann
3. Fogler H.S, Elements of Chemical Reaction Engineering, Prentice Hall of India
4. Levenspiel O, Chemical Reaction Engineering, John Wiley.
5. Emmett, P.H , Catalysis Vol I and II, Reinhold Corp, New York, 1954
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6. Hill C.G., An Introduction to Chemical Engineering Kinetics & Reactor Design, John 
Wiley 

7. Thomas and Thomas , Introduction to Heterogeneous Catalysis, Academic Press, 
London, 1967 

Course Contents and Lecture Schedule  
No Topic No. of 

Lectures 
1 Module 1 (6 Hrs.) 
1.1 General characteristics of catalysis, Classification of Catalyst 2 
1.2 Thermodynamics of adsorption, Physical adsorption and 

chemisorption. 
2 

1.3 Adsorption isotherms. Catalyst selectivity. 2 
2 Module 2 (7 Hrs.) 
2.1 Catalyst preparative Methods- 

Precipitation and co precipitation, Sol gel process 
2 

2.2 Flame hydrolysis, Supported catalyst from CVD and related 
techniques, 

3 

2.3 methods  preparation and  
structure of supports, Synthesis of aluminosilicate zeolites. 

2 

3 Module 3 (7 Hrs.) 
3.1 Catalyst Characterisation- surface area measurements, BET 

theory, Pore size distribution, Porosimetry 
3 

3.2 Chemisorption techniques, Static and dynamic methods 2 
3.3 Crystallography and surface analysis techniques – XRD, NMR. 2 
4 Module 4 (7 Hrs.) 
4.1 Deactivation -classification of catalyst deactivation processes. 1 
4.2 poisoning of catalysts, poisoning of metallic catalysts, poisoning 

of non-metallic catalysts, poisoning of  bifunctional catalysts, 
2 

4.3 coke formation on catalysts, metal deposition on catalysts 
,sintering of catalysts. 

2 

4.4 Regeneration of deactivated catalyst. 2 
5 Module 5  (8 Hrs.) 
5.1 Industrial catalysis -Homogeneous, Heterogeneous catalysis, 

Biocatalysts and their typical industrial applications 
2 

5.2 Transition metal catalyst, Organo metallic catalyst, Dual function 
catalyst, Zeolite and their typical industrial applications 

3 

5.3 Modern trends in catalysis – Phase transfer catalysis, electro 
catalysis, Nano catalysis, Polymer supported catalysis, Bio 
catalysis, Photo catalysis. 

3 
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POT 
394 

ADVANCED MOULD 
MANUFACTURING 

CATEGORY L T P CREDIT 
VAC 3 1 0 4 

 

Preamble: Out of five modules, first one is detailed study of mould materials. Second 
module deals with mould manufacture by CIM and CAM. Significant topics from 
electroforming, polishing, surface texturing and its variants are included in the third module. 
Fourth module deals with advanced mould casting. Fifth modules give emphasis on the 
mould standards and mould repair. After the completion of this course, students will be able 
to understand latest technics, tools and procedure of polymer mould manufacture.  

Prerequisite: Polymer Processing, Polymer Products design. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Describe the materials used in mould manufacture. 
CO 2 Understand  the features of Computer aided manufacture. 
CO 3 Explain advances in forming, hobbing,  polishing, surface texturing. 
CO 4 Describe features of mould casting and metal spraying. 
CO 5 Exposure towards standard components for mould manufacture and process of 

repair. 
 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 40 
Understand 20 20 40 
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Apply 20 20 20 
Analyse 
Evaluate 
Create 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

Continuous Internal Evaluation Pattern: 

Attendance : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project : 15 marks 

End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Describe the materials used in mould manufacture. 

1. Describe the principle  of steel hardening.

2. Aluminium alloys and its machining.

3.Compare prototype moulds and metallic moulds.

Course Outcome 2 (CO2) : Understand  the features of Computer aided manufacture. 

1. Explain the significance of computer integrated manufacturing.

2. Advantages of CAM and CAQ.

3. Comment on the data preparation for machining.

Course Outcome 3(CO3): Explain advances in forming, hobbing polishing, surface 
texturing. 
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1. Explain the manufacture of PU Foam by electroforming. 
 

 2. What is the significance of automated hobbing press. 

3. Comment on surface treatments used in plating of moulds. 

Course Outcome 4 (CO4): Describe features of mould casting and metal spraying. 
 

1. Identify technical problems associated with casting. 

2. Define applications of metal spraying. 

3. Selective plating is costlier. Why? 

Course Outcome 5 (CO5): Exposure towards standard components for mould manufacture 
and process of repair. 

1. Explain advantages of mould base in manufacture of moulds. 

2. Give an account of different standards bases used in manufacture of moulds. 

3.Explain the process of repairing moulds at sealing faces.  

Model Question paper 

Reg No:______________  

Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

SIXTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100                          POT394   Duration: 3 Hours  

 ADVANCED MOULD MANUFACTURING      

  (2019-Scheme-Honours in Polymer Engineering) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. Quenching can affect core strength. Why? 

2. Moulds for PVC require corrosion resistant coating. What is its significance? 

3. Give the principle of carbide growth during tempering. 

4. What is CNC programming. 
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5. Compare and contrast between EDM and EDP?

6. Differentiate path agitated sinking and Orbital sinking.

7. What is meant by corner weakness?

8. Describe the features of automated hobbing presses.

9. Define the significance of  plasma nitriding?

10. Detail how indirect pressure transducers help in mould function ?

PART B  

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. Compare various hardening process used in steel moulds with advantages of each (14)

OR 

12. a) Explain various functions of Maraging steels. (9) 

b) Explain on various hardness measurement used in polymer moulds.          (5)

Module II 

13. a)  With suitable diagram explain CAD interface and its functions . (8) 

b) Describe the advantages of CAM machining.   (6) 

OR 

14. a) Explain the stages to be considered CAQ assurance.            (9) 

b) Complex designs requires minimum processing time by CIM, Explain with a 3D
part drawing?                    (5)

Module -III 

15. a) Write the detailed process involved in manufacture of porous nickel moulds.
       (8) 

b) Explain the major elements of Hobbing.            (6) 

OR 

16. a) Describe the stages of mould polishing. (6)
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b) With mention to graining, Explain the process of photochemical etching.
  (8) 

Module -IV 

17. a) Describe the process and applications of metal spraying.             (8) 

b) Explain the design features used in GMT moulds for protection against wear? (6)

OR 

18. a) Describe the process and applications of boriding. (8) 

b) Explain the features used in physical vapour deposition for metal coating.    (6) 

Module -V 

19. a) Give a detailed description of elective plating in mould manufacture.           (7) 

b) Explain the significance of use of standard mould  materials in gate area.          (7) 

OR 

20. a) Explain the analysis methods used for mould strength. (7) 

b) Explain mould periodic maintenance and associated mould repairs  (7) 

.............................................................................................. 

Syllabus 

Module 1: Mould materials, Nitriding steels, case hardened steels, corrosion resistant steels, 
through hardened steels, maraging steels, hard material alloys, steel castings, physical 
properties, Aluminium mould making. 

Module 2: CAM mould making, EDP sytems, interfaces, Data preparation for machining, 
Machining process, steps involved. 

Module 3: Electroforming, EDM, Hobbing, polishing, surface structuring, surface 
treatments, heat treatment, hard chrome plating, chemical and physical vapour deposition. 

Module 4: Cast Bronze and light alloy moulds, surface treatments, sand casting, ceramic 
casting, Temperature controlling systems, metal spraying, low melting and high melting point 
systems. 

 Module 5: Standard components of a mould base, Standards for gate area, standards for 
ejection, standards for mould heating, standards for pressure indication, standards between 
mould and machine, suppliers of mould standards, Mould maintenance, Servicing and 
Inspection, Repairs, Storage, corrosion protection. 
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Text Books 
1. Kalpakjian, Serope. Manufacturing processes for engineering materials. Pearson 

Education India, 1984. 
2. Walsh, Ronald A. McGraw-Hill machining and metalworking handbook. McGraw-

Hill Education, 2006. 
Reference Books 

1. Mold making Handbook- Gunter Menning, Hanser Publications,1998 
2. Altan, Tet al, et al. "Advanced techniques for die and mold manufacturing." CIRP 
annals 42.2 1993. 
3. Geng, Hwaiyu, and P. E. CMfgE. Manufacturing engineering handbook. McGraw-Hill 
Education, 2016. 
4. Menges, Georg, Walter Michaeli, and Paul Mohren. How to make injection molds. Carl 
Hanser Verlag GmbH Co KG, 2013. 
    

Course Contents and Lecture Schedule  
No Topic No. of 

Lectures 
1 Mould materials (9 hrs) 

1.1  Nitriding steels, case hardened steels,  3 
1.2 Corrosion resistant steels, through hardened steels, maraging steels 3 
1.3 Hard material alloys, steel castings, physical properties. 

Aluminium mould making. 
3 

2 Computer Integrated Manufacturing  (9 hrs) 

2.1 CAM mould making 3 

2.2 EDP sytems, interfaces,  3 
2.3 Data preparation for machining, Machining process, steps 

involved. 
3 

3 Forming and polishing  (9 Hrs) 
3.1 Electroforming, EDM process  3 
3.2 Hobbing, polishing,surface structuring, surface treatments 3 
3.3 Heat treatment, hard chrome plating, chemical and physical 

vapour deposition. 
3 

4 Mould casting and Spraying (9 Hrs) 
4.1 Cast Bronze and light alloy moulds, surface treatments, sand 

casting, ceramic casting.  
5 

4.2 Temperature controlling systems, metal spraying, low melting and 
high melting point systems. 

5 

5 Standard mould base and repairs (9 Hrs)  
5.1 Standard components of a mould base, Standards for gate area,  2 
5.2 standards for ejection, standards for mould heating, standards for 4 
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pressure indication, standards between mould and machine, 
suppliers of mould standards,  

5.3 Mould maintenance, Servicing and Inspection, Repairs, Storage, 
corrosion protection 3 
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POT 
396 

POLYMERS & PHOTOVOLTAIC 
TECHNOLOGY 

CATEGORY L T P CREDIT 
VAC 3 1 0 4 

Preamble: Out of five modules, first one is introduction to Solar energy and solar cells. 
Second module deals with various types of PV modules. Significant topics from materials & 
processing of photovoltaic cells are included in the third module. Fourth and fifth modules 
gives emphasis on the manufacture of photovoltaic cells. After the completion of this course, 
students will be able to understand manufacture methods for polymer and organic based 
photovoltaic cells.  

Prerequisite: Basic Electrical and Electronics Engineering, Plastic materials. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Describe the principles and instrumentation of photovoltaic cells. 
CO 2 Explain the power generation process of OPV cells . 
CO 3 Understand different materials used for solar cells. 
CO 4 Understand the functions of each part of the  PV module. 
CO 5 Exposure towards modern manufacturing process in OPV cells. 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
Analyse 
Evaluate 
Create 
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Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Describe the principles and instrumentation of photovoltaic 
cells. 

1. Describe the principle of current density and conversion efficiency.  

2. Effect of polymers as active layer in PV cells. 

3.Compare wide and small band gap donors. 

Course Outcome 2 (CO2) : Explain the power generation process of OPV cells . 
 
1. Explain the significance of open circuit voltage. 

 2. Illustrate the of peak power and fill factor. 

3. Comment on the features of hybrid cells in power conversion. 

  Course Outcome 3(CO3): Understand different materials used for solar cells. 
 
 1. Explain the category of materials and their structural features. 
 2. PEDOT is a peculiar material used in solar cells. Explain. 

3. Comment on the various p type polymers and their structural features. 

Course Outcome 4 (CO4): Understand the functions of each part of the PV module. 

1. Compare the requirements of layers in PV module. 
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2. Instrumentation of PV modules requires atmost care for high efficiency. Why? 

3. Humidity based delamination is a major problem in PV modules. Why? 

Course Outcome 5 (CO5): Exposure towards modern manufacturing process in OPV cells. 

1. What is meant by tiled coating. Explain. 

2. Give an account of luminescent solar concentrator. 

3.Explain the application of luminescence Imaging.  

 

Model Question paper 

Reg No:______________  

Name   :______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

SIXTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100                          POT396            Duration: 3 Hours 

POLYMERS & PHOTOVOLTAIC TECHNOLOGY 

                     (2019-Scheme- Honors) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. What is meant by energy band and band gap. 

2. Describe carrier life time. What is its significance? 

3. Give the principle of refraction, reflection and transmission. 

4. Define photo generation and factors affecting it. 

5. Compare and contrast between line defects and volume defects?   

6. Define the role of flexible substrates in PV modules. 

7. What are the limitations and advantages of OPV cells? 

8. Describe band to band recombination and its effect in PV cells . 

9. Define Augur recombination? What is its significance. 

10. Detail free carrier absorption? 
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PART B  

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. a)  With a labelled diagram explain the parts and working of a p n junction solar cell.

(9) 

b) What is the role of p-i-n structure in a solar cell? (5) 

OR 

12. a) Explain various types of recombination in solar cell.              (9) 

b) Explain Shockley solar cell equation.  (5) 

Module II 

13. a)  Write the detailed process involved in manufacture of screen printed cells.  (8) 

b) Describe the principle of Laser doped selective emitter(LDSE)  cell.
(6) 

OR 

14. a) Explain the factors to be considered in light trapping. (9) 

b) Explain Liquid phase Epitaxy in silicone based cells (5) 

Module -III 

15. a) Write the details of polymer materials used in manufacturing solar cell .            (8) 

b) What is the role of PANI and PEDOT in synthesis of PV module. Explain.      (6)

OR 

16. a) Describe the donor- accepter combinations used in all-polymer solar cells.       (6)

b) Explain the role of polysilsesquioxines as a hybrid material. (8) 

Module -IV 

17. a) Describe relaxation dynamics of hot electrons in quantum dot cells. (8) 

b) Explain the design features intermediate band solar cells?  (6) 

OR 

18. a) Explain FLATCON module and its features. (8) 

b) Explain the manufacturing process used in tandem cells for high concentration.  (6)
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Module -V 

19. a) Give a detailed description on the components used in monolithic polymer solar 
modules.          (7) 

b) Illustrate on the photoactive materials and their design.             (7) 

     OR 

20. a) Explain non-contact coating process and lamination techniques.  (7) 

b) Explain various flexible substrates and barriers used in OPV.             (7) 

.............................................................................................. 

Syllabus 

Module 1: Solar energy, solar neutrinos, radiant power, types of solar cells, organic solar 
cells, band gap and efficiency, photo generated current density, absorption coefficient, power 
conversion efficiency, auger and SRH lifetime, multiple junctions, hot carrier cells. 
 
Module 2: Photo voltaic modules, Modelling, electrical characteristic of PV module, double 
diode model, single diode model, model parameters, circuit parameters, short circuit current, 
open circuit voltage, loading conditions, photovoltaic generator current-voltage 
characteristics, peak power, fill factor.  
 
Module 3:  Materials and processing –substrate, front electrode, first intermediate layer, 
materials used, processing, active layer, materials and processing, polymer-polymer solar 
cells, polymer-fullerene solar cells, organic-inorganic hybrid solar cells, p type and n type 
polymers, second intermediate layer, materials used, processing. 

 Module 4: Stability and characterisation of devices, stability measurement, manufacture of 
polymer solar cells, photoactive wide band gap donor, small band gap donor, polymer tandem 
cells, small molecule tandem cells, semi-transparent tandem solar cells. 
 
Module 5: Solution processed organic photovoltaics, slot-die coating process, inkjet printing 
process, roll to roll printing process, materials for functional layers, flexible substrates, silver 
back electrodes, interfacial layer, hole transport layer, electron transport layer, issues in 
scalable OPVs. 
 
Text Books 
 

1. Fonash, Stephen. Solar cell device physics. Elsevier, 2012. 
2. Poortmans, Jef, and Vladimir Arkhipov, eds. Thin film solar cells: fabrication, 

characterization and applications. Vol. 18. John Wiley & Sons, 2006. 
3. Hoogers, Gregor, ed. Fuel cell technology handbook. CRC press, 2002. 
4. Rauschenbach, Hans S. Solar cell array design handbook: the principles and 

technology of photovoltaic energy conversion. Springer Science & Business Media, 
2012. 
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Reference Books 

1. Hoppe, Harald, and N. Serdar Sariciftci. "Polymer solar cells." Photoresponsive Polymers 
II (2007):  
2.  Krebs, Frederik C., ed. Stability and degradation of organic and polymer solar cells. John 
Wiley & Sons, 2012. 
3. Tian, Haining, Gerrit Boschloo, and Anders Hagfeldt, eds. Molecular devices for solar 
energy conversion and storage. Singapore: Springer, 2018. 
4. Soga, Tetsuo, ed. Nanostructured materials for solar energy conversion. Elsevier, 2006. 
5. Rahaman, Mostafizur, Dipak Khastgir, and Ali Kanakhir Aldalbahi, eds. Carbon-
containing polymer composites. Singapore: Springer, 2019. 
6. Huang, Fei, Hin-Lap Yip, and Yong Cao, eds. Polymer photovoltaics: materials, physics, 
and device engineering. Royal Society of Chemistry, 2015. 
    

Course Contents and Lecture Schedule  
No Topic No. of 

Lectures 
1 Solar energy and solar cells (8 hrs) 

1.1 Solar energy, solar neutrinos, radiant power, types of solar cells, 
organic solar cells, band gap  and efficiency  

4 

1.2 Photogenerated current density,absorption coefficient, power 
conversion efficiency, auger and SRH lifetime, multiple junctions, 
hot carrier cells. 

4 

2 PV modules (10 hrs) 

2.1 Photo voltaic modules, Modelling, electrical characteristic of PV 
module, double diode model.  

4 

2.2 Single diode model, model parameters, circuit parameters, short 
circuit current, open circuit voltage, loading conditions,  

3 

2.3 Photovoltaic generator current-voltage characteristics, peak power, 
fill factor 

3 

3 Materials & processing  (8 Hrs) 
3.1 Materials and processing –substrate, front electrode, first 

intermediate layer, materials used, processing, active layer, 
materials and processing, polymer-polymer solar cells,. 

4 

3.2 polymer-fullerene solar cells, organic-inorganic hybrid solar cells, 
p type and n type polymers, second intermediate layer,materials 
used, processing. 

4 

4 Stability , band gap ( 9 Hrs) 
4.1 Stability and characterisation of devices, stability measurement, 

manufacture of polymer solar cells. 
4 

4.2  Photoactive wide band gap donor, small band gap donor, polymer 
tandem cells, small molecule tandem cells, semi-transparent 
tandem solar cells. 

5 
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5 OPV manufacture (10 Hrs)  

5.1 Solution processed organic photovoltaics, slot-die coating process, 
inkjet printing process, roll to roll printing process  

5 

5.2 
materials for functional layers, flexible substrates, silver back 
electrodes, interfacial layer, hole transport layer, electron transport 
layer, issues in scalable OPVs. 

5 
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POT 
398 PLASTICS & DECORATION 

CATEGORY L T P CREDIT 
VAC 3 1 0 4 

 

Preamble: Out of five modules, first one is introduction to surface processing and colour 
classification. Second module deals with painting of plastic substrates. Significant topics 
from plating methods for plastics is included in the third module. Fourth and fifth modules 
gives emphasis on the manufacture based on spray coating, metallizing and hot stamping. 
After the completion of this course, students will be able to understand manufacture methods 
to create polymer product manufacture more aesthetically attractive. They also attain the skill 
to identify the proper treatment for plastic stamping and painting. 

Prerequisite: Paints and surface coatings. 

Course Outcomes:  After the completion of the course the student will be able to 

CO 1 Describe the process of surface treatments of plastics. 
CO 2 Explain the significance and methods of painting of plastics. 
CO 3 Illustrate different plating techniques and prepare materials for the same. 
CO 4 Compare and contrast between various types of spray coating processes. 
CO 5 Exposure towards manufacturing process in metallizing and stamping of plastics. 
 

Mapping of course outcomes with program outcomes 
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Assessment Pattern 

Bloom’s Category Continuous Assessment 
Tests 

End Semester Examination 

1 2 
Remember 10 10 10 
Understand 20 20 20 
Apply 20 20 70 
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Analyse    
Evaluate    
Create    
 

Mark distribution 

Total 
Marks 

CIE ESE ESE 
Duration 

150 50 100 3 hours 

 

Continuous Internal Evaluation Pattern:  

Attendance     : 10 marks 
Continuous Assessment Test (2 numbers) : 25 marks 
Assignment/Quiz/Course project  : 15 marks 
 
End Semester Examination Pattern: There will be two parts; Part A and Part B. Part A 
contain 10 questions with 2 questions from each module, having 3 marks for each question. 
Students should answer all questions. Part B contains 2 questions from each module of which 
student should answer any one. Each question can have maximum 2 sub-divisions and carry 
14 marks.  
 

Course Level Assessment Questions 

 Course Outcome 1 (CO1): Describe the process of surface treatments of plastics. 

1. Describe the principle and thermodynamics of surface wetting.  

2. Effect of carbon content on the surface properties of steel. 

3.Compare methods of wetting plastic surfaces. 

Course Outcome 2 (CO2) : Explain the significance and methods of painting of plastics. 

1. Comment on the features of paint conductivity. 

 2. Illustrate the significance and procedure in multiple paint films. 

3.Explain various types of painting employed with plastics. 

 Course Outcome 3(CO3): Illustrate different plating techniques and prepare materials for 
the same. 
 1. Explain the significance of electroplating. 
 2. What is the significance of chrome plating.  

3. Comment on the copper plating process. 
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Course Outcome 4 (CO4): Compare and contrast between various types of spray coating 
processes. 

1. Explain the  electrostatic spray process . 

2.What is meant by arc spraying.? 

3. Flame spraying requires additional equipment. Which are they? 

Course Outcome 5 (CO5): Exposure towards manufacturing process in metallizing and 
stamping of plastics. 
 
1. Metallizing and stamping are done based on the product requirement. Explain. 

2. Give an account of metallizing equipment. 

3.Explain the application of hot stamping.  

Model Question paper 

Reg No: ______________  

Name: ______________  

APJ ABDUL KALAM TECHNOLOGICAL UNIVERSITY 

SIXTH SEMESTER B.TECH DEGREE EXAMINATION, MONTH & YEAR 

Max. Marks: 100                          POT 398   Duration: 3 Hours  

PLASTICS AND DECORATION 

           (2019-Scheme- HONORS) 

PART A  

(Answer all questions, each question carries 3 marks)   

1. What is meant by machine rolling. 

2. Give details of disadvantages associated with conventional spraying. 

3. Give the principle of hot stamping. 

4. Define curtain coating. 

5. Compare and contrast between electrodeposition and barrelling?   

6. Differentiate corona discharge and plasma treatment. 

7. What are the limitations and advantages of acid anodising? 

8. Give 3 examples of metallic pigments used in paints. 
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9. Define Kaolin? What is its role in paint manufacture?

10. Detail how binder solubility affects paint stability?

PART B  

(Answer one full question from each module, each question carries 14 marks) 

Module I 

11. a)  Explain surface treatment process for steel substrates.  (9) 

b) What is alkaline cleaning? Explain.            (5) 

OR 

12. a) Explain various types of colorants used in paints.            (9) 

b) Explain the role of colour concentrators in painting Industry.  (5) 

Module -II 

13. a) Write the detailed process involved in Plastic painting    (8) 

b) What is meant by plastic substrate conductivity. Explain its significance.(6)

           OR 

14. a) Describe the after treatment process used in painting operation.    (6) 

b) Explain various applications of high energy radiation in plastic painting. (8)

Module III 

15. a)  With suitable diagram explain chromium electroplating process .  (8) 

b) Describe the principle of nickel plating.              (6) 

OR 

16. a) Explain the factors to be considered in selecting a plastic for decoration by plating.
            (9) 

b) Compare and contrast between electro and electroless plating with examples of
plastics for each.                    (5)

Module -IV 

17. a) Describe any four spray equipment used in plastic decoration.  (8) 

b) Explain the design features used in plastic plating?             (6) 

OR 
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18. a) Explain flame spraying and its applications with respect to plastics.
(8) 

b) Explain the sealing process done with thermal spraying.  (6) 

Module -V 

19. a) Give a detailed description on the components used in stamping.          (7) 

b) Illustrate on the troubleshooting guide used in plastic hot stamping.      (7)

OR 

20. a) Explain the process of vacuum metallizing withits advantages and special features .
Give details of 4 products utilising metallising as a treatment method.   (14)

.............................................................................................. 

Syllabus 

Module 1: Surface treatment for plastics and steel, thermodynamics of wetting, methods of 
wetting of surfaces, chemical analysis of polymer surfaces, decorating plastics with colour, 
colour selection criteria, colorant classification, pigment dispersion, colour concentrators. 

Module 2: Painting on plastics, modifications on plastic part surfaces, plastic surface 
conductivity, aerosol paints, application of multiple paint films, plastic film -  substrate 
interactions, measurement of quality of painted films.  

Module 3: Plating on plastics, electro less copper or nickel plating, electroplating, straight 
through electroplating, trivalent chromium electroplating, microporous chrome plating, 
plating chemical removal methods, palatable plastics, individual plastic character to plating, 
design factors. 

 Module 4: Thermal spray coating on plastics, flame spraying, arc spraying, plasma, 
cosmetics, priming, priming with sprayed zinc, steps in plating, finishing methods, sealing 
surfaces and applications. 

Module 5: Vacuum metallizing, metallizing equipment, coating application, drying, 
equipment for drying, process control of metallizing, plastic hot stamping, foils, silicone dies 
for stamping, hot stamping machines, vertical presses, linear contact machines. 

Text Books 

1. Pfanstiehl, John. Automotive paint handbook: paint technology for auto enthusiasts &
body shop professionals. Penguin, 1998.

2. Weismantel, Guy E. Paint handbook. 1981.
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3. Talbert, Rodger. Paint technology handbook. CRC Press, 2007. 

Reference Books 

1. Love, J. C., and Vannessa Goodship. In-Mould decoration of plastics. Rapra Technology 
Limited, 2002. 
2. Muccio, Edward A. Decoration and Assembly of Plastic Parts. ASM International, 1999. 
3. Pinner, Solomon H., and Wilfred Gordon Simpson, eds. Plastics: Surface and finish. 
Elsevier, 2013. 
4. Campbell, James S. Principles of manufacturing materials and processes. McGraw-Hill, 
1961 
5.  Crutchley, Edward B. Innovation Trends in Plastics Decoration and Surface Treatment. 
Smithers Rapra, 2014.. 
  6. Robinson, P. J. "Decorating and coating of plastics." Rapra Rev. Rep.(USA) 6, no. 5 
(1993):  

Course Contents and Lecture Schedule  
No Topic No. of Lectures 
1 Introduction of surface treatment (7 hrs) 

1.1 Surface treatment for plastics and steel, thermodynamics of 
wetting, methods of wetting of surfaces, 

3 

1.2 Chemical analysis of polymer surfaces 2 
1.3 Decorating plastics with colour, colour selection criteria, colorant 

classification, pigment dispersion, colour concentrators 
2 

2 Painting Process  (10 hrs) 

2.1 Painting on plastics, modifications on plastic part surfaces,  3 

2.2 Plastic surface conductivity, aerosol paints, 3 
2.3 Application of multiple paint films, plastic film -  substrate 

interactions, measurement of quality of painted films. 
4 

3 Plating  (10 Hrs) 
3.1 Plating on plastics, electro less copper or nickel plating, 

electroplating,  
4 

3.2 Straight through electroplating, trivalent chromium electroplating, 
microporous chrome plating,  

3 

3.3 Plating chemical removal methods, platable plastics, individual 
plastic character to plating, design factors. 

3 

4 Spray coating (10 Hrs) 
4.1 Thermal spray coating on plastics, flame spraying  4 

4.2 Arc spraying, plasma, cosmetics, priming, priming with sprayed 
zinc, steps in plating  

3 

4.3 Finishing methods, sealing surfaces and applications 3 
5 Metallizing & stamping (8 Hrs)  
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5.1 Vacuum metallizing, metallizing equipment, coating application, 
drying, equipment for drying, process control of metallizing,  4 

5.2 Plastic hot stamping, foils, silicone dies for stamping, hot 
stamping machines, vertical presses, linear contact machines. 4 
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