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Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


2 0 2 4 70 
 


30 50 


Sr. 
No. 


Course Contents Total Hrs  


1.  Introduction –  


Technological Requirements – Classification – Chemistry and Mechanism – 


Selection Criteria – General effect on Properties – Evaluation and functions of 


additives. 


 


6 


2.  Fillers – Reinforcements –  


Thermal Stabilizers- Antioxidants (Heat & UV) – Plasticizers -  Impact Modifiers 


– Lubricants  -  Processing aids – Blowing agents – Flame Retardants – Anti-


static agents – Anti blocking agent- Slip and anti slip agent- processing aids- 


Mould releasing agents. Conductive additives- Toughening agents – Nucleating 


agents – Colorants – Additives for Recycling – aids – mould releasing agents, 


coupling agents.  


8 


3.  Selection of Polymers and Compounding ingredients –  


General objectives – possibilities and limitations of mixing and compounding – 


Methods of incorporation of additives into polymer materials, Mixing and mixing 


equipments.   


8 


4.  Mixing and Mixing Equipments. Principles –  


Operating characteristics – Machine construction – Specifications – Process 


control systems and working details of Batch mixers and continuous mixers – 


High speed mixer – Two roll mill – Banbury Mixer – Ribbon blender – Planetary 


mixers – 


8 







 


Text Books: 
 


1. J. A. Brydson, Plastics Materials, Butterworth Heinemann, Oxford, 1999. 


2. John Murphy, The Additives for Plastics Hand Book, Elsevier Advanced Technology, 


Oxford, 1996. 


 


Reference Books: 


 


1. R. Gachter and H. Muller, Plastics Additives Hand Book, Hanser Publishers, 


Munich, 1993. 


2. Jesse Edenbaum, Plastics Additives and Modifiers Hand Book, Chapman & Hall, 


London, 1996. 


3. Ica Manas – Zloczower and Zehev Tadmor, Mixing and Compounding of Polymers, 


Hanser Publications, Munich, 1995. 


4. Nicholas P. Cheremisionoff, Polymer Mixing and Extrusion Technology, Marcel 


Dekker Inc., New York, 1995. 


 
 


5.  End Use Market for Plastics                   


Principles of Material selection including consideration of conventional materials 


competitive with plastics – Case studies on material suitability (e.g., Plastic 


Gears, Feeding Bottle, Bowels for micro wave ovens).  Survey and uses of 


plastics additives with reasons for their importance in major industries like, 


Agriculture, Packaging, Building, Transport, Electrical, Electronics and 


Telecommunications, Medical and Furniture. 


6 
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Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


3 0 3 6 70 
 


30 50 


Sr. 
No. 


Course Contents Total Hrs  


1.  Introduction:  
 
Basic principles of extrusion- Types of extruders, General features of 
extruders viz. barrel, screw, types of screws, drive mechanisam, 
specifications, heating and cooling systems, flow mechanisam, die entry 
effects and exit instabilities. Process-Advantages and Limitations-Machines. 
 


2 


2.  Process: 
  
Description-Manufacture of Pipes, Films [ 3 layer, 5 layer , 7 layer], Sheets, 
Cables  
and Wires, Monofilament, Nets along with line diagram in detail; process 
variables in  
each of these processes; Trouble shooting. 
 


12 


3.  Raw Materials:  
 
Selection criteria based on MFI, Surface Characteristics, etc; Grades for 
various applications like Pipes, Films, Monofilament, etc. 
 


04 


4.  Machine :  
 
Drive systems like Motors: Various types and Selection criteria; Reduction 
gear  
boxes and types like worm wheel, helical, etc; Hopper and design features; 
Water  
cooling at hopper; Screw and Barrel assemblies; Various types of screws for 
different  
applications, Breaker plate and Screen packs; Dies: Straight through, 
Crosshead,  
Offset; Post extrusion equipments like cooling tank, corona treaters, take offs, 
static  


12 







Text Books: 


1. Plastics Extrusion Technology by Hensen 


2. Polymer Extrusion by Rauwendaal 


3. Extrusion of Plastics by Fisher  


Reference Books: 


1. Twin Screw Extrusion by White.  


2. Reactive Extrusion by Xanthos. 


 


charge eliminators, gear pumps in monofilament lines, gadgets,  equipments 
in pipe  
lines, winders, take off and cutting equipments, etc. 
 


5.  Co extrusion:  
 
Lamination, Extrusion coating, Manufacturing of raffia, Fibers and BOPP, 
Types of dies-bottom feed and helical 
 


4 


6.  Extrusion Processing, For Net-Forming 2 


7.  Processing parameters: 


• Melting process 


• Increasing output of screw / output from screw 


• Variation in melt temperature 


• Improving mixing of the polymer 
 


5 


8.  Utilizing Extrusion Plant Efficiently: 
 


• Procedure for shutdown of extruder 


• How to reduce the waste of material during Sunday & holiday 


• Procedure of purging 


• Procedure for startup extruder 


• Preparation of startup 


• Applications of extrusion and new developments 
 


4 


9.  Twin Screw Extrusion:  
 
Machine types like co-rotating and counter rotating ; differences with single 
screw extrusion in detail ; advantages and disadvantages of each machine 
type along with applications ; design considerations., Rheology in twin screw 
extruders , etc. 
 


5 


10.  Reactive Extrusion: 
 
Purpose of development of the process ; description in detail ; materials that 
can be processed ; material selection criteria ; material specifications ; 
machine types along with latest developments; applications .,etc.     
 


4 
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Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


3 0 3 6 70 
 


30 50 


Sr. 
No. 


Course Contents Total Hrs  


1.  Introduction:  


Process control and its importance; need for instrumentation;     need for 


controllers; terminology 


[A] Measurements: 


role of instruments, range, error, accuracy,    precision,sensitivity, 


resolution, block diagram of instrumentation system. 


[B] Pressure measurement. :  


Pneumatic pressure transducers; Mechanical Consideration, 


Specifications, Comparison of different transudes 


[C] Temperature measurements. :   


Methods of temp measurement. Barrel temp  Measurement; Stock 


temp measurement. Ultra sound transmission line. 


[D] Other measurements. :  


Power  measurement.; Rotational speed measurement.; Extrudate 


thickness.; Extrudate surface condition 


 


 


 


12 







2.  Controllers: 
 


• Temp controllers-analog & digital. 


• Power controllers. 


• Dual output controllers.  
 
Time temp characteristics: 


• Thermal characteristics   of systems. 


• Modeling of responses. 


• Temp. Characteristics. 
 


Tuning of the controller parameters: 
 


• Performance criteria. 


• Effect of PID parameters. 


• Pre tuned temp controllers.  


• Self tuning temp controllers. 
 


10 


3.  Injection molding process controls: 
 


• Mould cycles –Machinery used-parts and functions-starts-up and shut 
down procedures-cylinder nozzles-press capacity projected area  


• On machine monitor 


• Temperature control of barrel and melt 


• PID in pre controller 


• Relating process control to process parameters 


• Adaptive ROM programmable 


• Simplified approach to undesirable process control 


• Process control techniques 


• Total injection molding proc. Control. 
 


12 


4.  Extrusion molding process controls: 


• Instrumentation requirements, most important parameters 


• General features of extruders viz. barrel, screw, types of screws, drive 
mechanism, specifications, heating and cooling systems, 


• Pressure measurements : Importance of melt process, different types 
of pressure transducers, mechanical consideration, specifications , 
comparison of different transducers 


• Temperature measurements: method of temp. Measurements, barrel 
temp. measurements, stock temp measurements 


• Other measurements: Power measurements, rotational speed, 
Extrudate thickness, Extrudate surface conditions 


• Temp. Control: On Off Control, Proportional control- controllers –time 
temp. characteristics – tuning of controller parameters 


• Total process control : True total extrusion process control 
 
 
 
 


10 







Text Books: 
 


1. Injection molding Handbook : Rosato and Rosato 


2. Polymer Extrusion : Rauwendaal 


3. Blow molding handbook : Rosato 


 


Reference Books: 


 


1. Blow molding handbook : Lee 


2. S.P.Singh : Industrial instrumentation & control. 


3. J.d.lenk; hand book of controls & instrumentation; prentice-hall corp. 


4. P.d. roberts; measurement & control. 


5. C.l. smith; instruments & control systems. 


6. Plastic industry safety handbook-s.p.e. 


 
 


5.  Blow molding process controls: 


• Controls for blow molding 


• Machine controls : Temperature , Placement of sensors, Dual sensors 


• Control characteristics : On/off  , Proportional controls, Automatic reset 


• Types of sensor: Thermocouple, Resistance temp. detectors (RTD) 


• Automatic tuning 


• RPM speed regulation 


• Timing and sequencing 


• Process controls :  
Melt temp process control , melt pressure, melt pump, parison 
programming, parison length control, product control, weight control, 
thickness controls, Plant wide control and management 


• Screw and Plunger Systems –  
      Cross head die design – Blow moulding machine feauters and    


operation including hydraulic and electrical control systems-faults, 
causes and remedies, 


• Parison programming, blow mould construction, cooling methods, 
mould venting, blow moulding of difficult articles like fuel tanks, odd 
shaped containers with handles. 


 


10 
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Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 


(Theory) 


(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


3 0 2 5 70 
 


30 50 


Sr. 
No. 


Course Contents Total Hrs  


1.  Structure of Polymers –  


Linear, branched, cross linked, and network polymers – Homo-chain and 


hetero atomic chain plastics - Copolymers - Linear and cyclic arrangement - 


Prediction of plasticizer properties, group contribution techniques, topological 


techniques- Volumetric properties - molar volume, density, Van der-Waals 


volume - Coefficient of linear thermal expansion and volumetric thermal 


expansion - Pressure volume temperature (PVT) relationship 


 


12 


2.  Mechanical Properties –  


Stress-strain properties of plastics - Effect of plastics structure on modulus of 


elasticity, tensile strength, flexural strength, impact strength, yield strength, 


fracture toughness - Crazing in glassy polymers - Ductile brittle transition. 


Effect of additives on mechanical properties of polymers - Creep, stress 


relaxation, and fatigue. 


 


12 


3.  Thermodynamic and transition properties –  


Transition temperature in plastics, glass transition (Tg), melt transition (Tm), 


relationship between Tg and Tm - other transitions like β-transitions, upper 


and lower glass transition temperatures - Prediction of Tg and Tm of polymers 


by group contributions. 


Calorimetric properties - Heat capacity, specific heat, latent heat of 
crystallization and fusion, enthalpy and entropy - Calculation of heat 
capacities of plastics.  


 


10 







Text Books: 
 


1. Polymer Structure, Properties and Applications by R.Deanin. 


2. D.W. Van Krevelen And P.J. Hoftyzen, “Properties Of Polymer, 3rd Edition 


Elsevier Scientific   


3. Publishing Company Amsterdam – Oxford – New York. 1990. 


4. J.E. Mark Ed. AIP, Physical Properties of Polymers Hand Book, Williston, Vt, 


1996. 


 


Reference Books: 


 


1. D.A.Seanor, ed., Electrical properties of polymers, Academic press, New York, 2 


2. Jozef.Bicerano, Prediction Of Polymer Properties, Second Edition, Marcel Dekker 


Inc. New York, 1995.J.M.Margolis (Ed.), Engineering Thermoplastics Properties & 


Applications, Marcel Dekker, New York . 


3. R.J.Samuels, Structured Polymer Properties, John Wiley & Sons, New York,  


4. I.M.Ward & D.W.Hadley, An Introduction to the Mechanical Properties of Solid 


Polymers, John    


5. Wiley & Sons, Chichester, England,  


6. C.C.Ku & R.Liepins, Electrical Properties of Polymers, Hanser Publications, 


Munich,  


7. F. Bueche, Physical properties of polymers, Wiley, New York,  


8. J.Mort & G.Pfister, eds., Electronic Properties of Polymers, Wiley 


 


4.  Electrical and Optical properties –  


Effect of plastic structure on dielectric constant, power factor, dissipation 
factor, and loss factor - effect of frequency of voltage and temperature on 
dielectric properties - Prediction of molar polarization and effective dipole 
moment. Effect of additives on electrical properties of plastics. 


 


6 


5.  Optical properties –  


Effect of plastics structure on optical properties - clarity, transparency, haze, 
transmittance, reflectance, and gloss - Prediction of refractive indices of 
polymers by group contributions, Static charges, volume & surface resistivity, 
arc resistance. 


 


6 


6.  Chemical Properties –  


Cohesive energy, cohesive energy density, solubility parameter, 


determination of solubility parameter of polymers - Prediction of solubility 


parameter -Effect of polymer structure on solubility in solvents and oils - 


Influence of structure in prediction of flame Retardancy, water repellency - 


Chemical resistance of plastics - Plastic toxicity. 


 


8 
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Teaching Scheme Evaluation Scheme 
Theory Tutorial Practical Total University Exam 
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(E) 


Mid Sem Exam 


(Theory) 


(M) 


Practical 


(I) 


3 0 2 5 70 
 


30 50 


Sr. 
No. 


Course Contents Total Hrs  


1.  Plastic Reaction Engineering: 


• Elements of Polymer Reaction Engineering 


• Introduction to Kinetics of homogenous Reaction 


• Interpretation of Batch Reactor Data 


• Single Ideal Reactor 


• Mechanism and kinetics of polymerization 


• Polymerization Reaction Engineering 


• Reactors for various commodity plastics 


• Reactors for different polymerization technique 
 


12 


2.  
Plastic Rheology: 


 


 


2.1 Introduction to Rheology 
  


• Types of mechanical deformation  


• Elastic materials – Viscous materials – Viscoelasticity  


• Effect of rate of strain, temperature and time on mechanical behavior of 
polymeric materials – creep – stress relaxation  


• Boltzman principle – time temperature super position principle  


• WLF equation. 


6 


2.2  Models to represent behavior of Polymer Liquids 
 


• Mechanical models – stress strain response of spring and dashpot  
Viscoelastic models – Maxwell element – Voigt Oelvin element – 


response to creep and stress relaxation – four-parameter model – 


dynamic mechanical properties – behavior of Maxwell element and 


relaxation spectra 


 


6 







 


Text Books: 
 


1. Octave levelspiel-Chemical Reaction Engineering 2
nd


 Ed. 


2. J.A.Brydson, Flow properties of Polymer Melts, life books, London.    


3. Anil Kumar and Santosh gupta-fundamentals of polymer science engineering, tata 


McGraw hill  publishing company 


 


 


 


 


 


2.3 Fluid flow:  
 


• Types of fluid flow – time dependant fluids, shear rate dependant fluids, 
Newtonian and Non Newtonian fluids  


• Viscosity of polymer melts – shear thinning and shear thickening – zero-
shear rate viscosity  


• Laminar flow of Newtonian fluids – power law equation 


• General treatment of isothermal viscous flow in tubes – entrance and exit 
effects – elastic effects in polymer melt flow – die- swell and melt fracture  


• Weissenberg effect – normal stress difference – Elongational viscosity. 


4 


  2.4 Flow Analysis of Polymer Liquids Through Various Geometries 


3 


2.5 Measurements of Rheological properties  


• capillary rheometer  


• melt flow index  


• cone and plate viscometer  


• Torque rheometer  


• Mooney viscometer, cure meters Rheo-optical methods – birefringence. 
 


 


6 


2.6    Analysis of Polymer Melt in Extrusion & Injection Molding Process 


 


5 


2.7 Analysis of Rheological Parameters of Calendering, Rotational Molding & 


Fibre Spinning 


 


6 


2.8  Analysis of mold temperature rise, heat & melt flow, recycling, other 


processing  


 Options i.e. dip coating, slush molding, solid phase forming etc. 


 


6 







Reference Books: 


 


1. Polymer Reaction engineering by K.H.Reichert 


2. P.N.Cogswell, Polymer Melt Rheology, A guide for Industrial Practice, 


GeorgeGodwin. 


3. Richard C. Progelhof  and James L. Throne, Polymer Engineering Principles, 


Hanser Publishers, New York, 1993. 


4. John M. Dealy and Kurt F. Wissburn, Melt rheology and its role in plastics 


processing, Chapman, London, 1995. 


5. R.S. Lenk, Polymer Rheology, Applied Science, London,  


6. R.J. Crawford, Plastics Engineering, Butterworth – Heinemann, Oxford, 1998. 


7. J.D. Ferry, Viscoelastic Properties of Polymers, john Wiley & Sons, New York,  


8. Chang Dae Han. Rheology in Polymer Processing, Academic Press, New York   
 






