507501 Polymer Engineering






   3(3-0-9)

Prerequisite:
507201 Polymer Science or Consent of School

Course Description

Control and design of molecular weight and molecular structure of polymers. Understanding the morphology and properties of polymer. Basic concept of polymer rheology. Polymer processing and concept of safety in polymer industries.

Course Outline


Topics







       
        Hours
1. Introduction









 2

1.1 Definition and classification

1.2 Industrial perspective

2. Control and Design of Molecular Weight and Structure 



10


2.1 Step growth process


2.2 Chain polymerization


2.3 copolymerization and composition


2.4 Stereoregularity of polymers


2.5 Practical in industrial polymerization processes

3. Morphology and Properties







  8


3.1 Determination of molecular weight


3.2 Chain conformation 


3.3 Properties and manufacturing relation



3.3.1 Effect of temperature



3.3.2 Effect of pressure


3.4 Control and design of polymer morphology



3.4.1 Strain and flow induced crystallization



3.4.2 Effect of cold drawing

4. Basic Concept of Polymer Rheology





10


4.1 Rubber of elasticity


4.2 Pure viscous flow


4.3 Viscometry and tube flow


4.4 Fundamental of continuum mechanics


4.5 Linear viscosity

5. Polymer Technology







  6

5.1 Polymer testing 


5.2 Commercial polymers


5.3 Product design and manufacturing


5.4 Materials handling and safety



Total








36
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3.
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4.
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507502 Polymer Rheology





             3(3-0-9)

Prerequisite: Consent of School
Course Description


Fundamental of rheology. Basic transport phenomena. Polymer melt and constitutive equations. Rheological characterization of polymeric fluids. Experimental methods for rheological measurements. Relationship between the rheological properties and molecular parameters of polymeric materials. Molecular viscoelastic theories of polymer and flow of molten polymers through circular and slit dies.

Course Outline

Topics







                 Hours

1. Introduction
                                                                                   
     
3

1.1 Fundamental rheology

1.2 Flow phenomena in polymer systems 

1.3 Transport and thermodynamic properties of polymer

1.4 Application of rheology to polymer processing

2 Basic Transport Phenomena                                                                         
5

2.1 The balance equations

2.2 Common boundary conditions and simplifying assumption

2.3 The lubrication approximation: Reynolds’ equation 

3. Polymer Melt  Constitutive Equations




     
3

4. Rheological Characterization of Polymeric Fluids    

                 
9

4.1 Shear flow

4.1.1 Kinematics and rheological functions

4.1.2 Drag-induced rectilinear shear flow

4.1.3 Rotational viscometers

4.1.4 Extrusion rheometers

4.1.5 Slippage on solid walls

4.2 Elongation Flow

4.2.1 Kinematics and rheological functions

4.2.2 Uniaxial extension instruments

4.2.3 Biaxial and planar extension experiments

4.2.4 Small-strain experiments

5. Experimental Methods for Rheological Measurements

   
    
5

5.1 Steady flow measurement

5.2 Oscillatory flow measurement 

6. Relationship between the Rheological Properties and  Molecular              
3

      Parameters of Polymeric Materials




7. The Molecular Viscoelastic Theories of Polymer  

               
3

8. Flow of Molten Polymers Through Circular and Slit Dies   

   
6
  
Total






 
          36
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507503 Advanced Polymer Processing




   3(3-0-9)

Prerequisite: 507502 Polymer Rheology or Consent of School

Course Description

Fundamental of fluid flow of polymer melt. Basic engineering parameter for polymer processing. Dimensional groups; isothermal and nonisothermal. Polymer flow through die. Mold filling and secondary shaping. Calculation and computer based modeling for process design. Principles of quality control and assurance in polymer processing industries.

Course Outline



Topics







          Hours

1.    Fundamentals of Fluid Flow






  3

1.1 Principle of continuum mechanics

1.2 Survey of rheological and viscoelastic properties of polymer fluids

1.3 Effect of molecular mass, compounding and temperature on properties 

              of polymer products


      1.4
Dynamic flow

2. Basic Engineering Parameters in Polymer Processing



  6

2.1 Basic heat transfer

2.2 Heat and melt flow in die

2.3 Flow in extruder screws

2.4 Molds and calendar

3. Dimensional Groups







  6

3.1 Isothermal viscoelastic fluids

3.2 Plastic fluids

3.3 Nonisothermal effect

3.4 Scale-Up

3.4.1 Isothermal flow

3.4.2 Nonisothermal flow of viscous fluids

4. Extrusion Through Die







  6

4.1 Flow through conduits of constant cross section

4.2 Converging flow into capillary die

4.3 Flow distribution problem in die design

4.4 Extrudate swell and distortion

5. Injection Molding








  3

5.1 Mold filling

5.2 Injection pressure and filling

5.3 Quantitative analysis of mold filling

6. Secondary Shaping







  3

6.1 Fiber spinning

6.2 Film manufacturing

6.3 Blow molding

7. Calculator and Computer Based Modeling




  6

7.1 Flow modeling in processing plant

7.2 Design principle for evaluating model output

7.3 Commercial computer based process modeling 

8. Principles of Quality Control and Assurance in Polymer Industries

  3
8.1 Quality planning

8.2 Statistical process control (SPC)

8.3 Total quality process control


Total 








36
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507504 Polymer Engineering and Manufacturing in Practice            2(2-0-6)

Prerequisite: None 

Course Description

Exploring polymer industry nationwide and international. Legal aspect in polymer industry. Toxicity and environmental concern in polymer manufacturing. Reclamation and recycling, and fire hazard. Experimental practice in polymer manufacturing. External lecturer and plant visit is compulsory for this course.

Course Outline

     Topics





       
       
       Hours

1. Polymer Industry Nationwide and International



4

1.1 Structure of industry

1.2 Material manufacturers

1.3 Machinery manufacturers

1.4 Nation and international standards

1.5 Reclamation and Recycling

2. Legal Aspects in Polymer Industry





4

2.1 Common law

2.2 Law of tort and legislation

2.3 International law

2.4 Health and safety at work

2.5 COSH and law for environmental protection

3.   Polymer Industry: Environment Health and Safety



8

3.1 Definition and type

3.2 LD50 values

3.3 Toxicology study in human


3.4
Fire Hazards



3.4.1 Burning of polymers



3.4.2 The hazard of burning



3.4.3 Fire retardant additives



3.4.4 Fire test and relevant legislation

4.
Risk & Hazard in Polymer Industry





2

5. 
Quality Assurance & Quality Control in Polymer Industry


2

6. 
Cases Study








4


Total







          24
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507505 Seminar I







   1(1-0-3)

Prerequisite: None

Course Description

Data base searching. Methodology for oral presentation and technical report writing. Seminar presentation by invited speakers. Practice in technical report writing and oral presentation on the subjects of current interesting topics in polymer engineering and survey of structural polymer industries nationwide and international; material manufacturers, compounders, processors, machine manufacturers.

507506 Seminar II






             1(1-0-3)

Prerequisite: 507505 Seminar I

Course Description

Extended course from 507505 Seminar i. Presentation on current interest research topics in polymer engineering by external and internal academia on weekly basis. Writing, presenting and discussion on current interesting research and industrial innovative in polymer engineering and new trend in polymer industries nationwide and internationally. In touch with local and nationwide polymer industries by inviting guests from industry and also industrial excursion. Methodology of writing and defending the research proposal.

507507 Seminar III






             1(1-0-3)

Prerequisite: 507506 Seminar II

Course Description

Extended course from 507506 Seminar Ii. Writing, Oral presentation and discussion on the current research interest and on the individual research interesting topics in polymer engineering or related fields. Group discussion.

507 800 Master Thesis

    

 

                     26  Credits

Prerequisite :  None
Course Description


Scientific  problem basic and/or applied research areas for the master degree level in Polymer Engineering Solving  

507611 Polymer Reactor Engineering 




   3(3-0-9)

Prerequisite: 507201 Polymer Science or Consent of School

Course Description


Concepts in polymerization kinetics . Mass and energy balance equations. Basic concept of mathematical modeling in polymerization process. Reactor types and selection. Control of batch and continuous polymerization processes. Measurement and estimation of process variables.

Course Outline


Topics








       Hours

1. Basic concepts in Polymerization kinetics




6

1.1 Homogeneous polymerization

1.2 Heterogeneous polymerization

2. Mass and Energy balance equations





6

3. Basic concept of Mathematical Modeling in polymerization process

6

4. Reactor types and Selection






6

5. Control of Batch and continuous polymerization




6

6. Measurement and Estimation of Process variables



6

Total







          36
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507612 Polymer Morphology 

     


 
             3(3-0-9)

Prerequisite: 507203 Physical Properties of Polymers or Consent of School
Course Description


Overview of chain structure. Polymer melt crystallized morphology. Effect of crystallization temperature. Effect of crystallization pressure. Strain and flow induced crystallization. Amorphous polymers. Morphologies of multiphase polymer systems. Morphologies of polymer composites and laminates. Methods of morphological investigation, and morphological control and design in polymer processing.
Course Outline

   
Topics









Hours

1.  Introduction








  3

1.1 Polymer structure: chain conformation and chain configuration

1.2 Amorphous and semicrystalline polymers

2.   Polymer melt crystallized morphology





  3

3.   Effect of crystallization temperature





  3

4.   Effect of crystallization pressure






  3

5.   Strain and flow induced crystallization





  3

6.   Amorphous polymers







  3

7.   Morphologies of multiphase polymer systems




  3

      7.1 Plastic blends

      7.2 Rubber blends

8.   Morphologies of polymer composites and laminates



  3

9.   Methods of morphological investigation





  6

10. Morphological control and design in Polymer Processing


  6

Total








36
References:

1.
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507613 Advanced Polymer Rheology
    3(3-0-9)

Prerequisite: 507502 Polymer Rheology

Course description

Course overview. Nonlinear viscoelasticity. Constitutive equations from molecular theories. Rheology of complex polymeric fluids. Rheology of multiphase systems. Polymer mixing, and computational determination of polymer rheology.
Course outline


Topics







                   Hours

1. Introduction








3

1.1 Classification

1.2 Non-Newtonian phenomena

1.3 Transport phenomena and thermodynamic properties of polymers



1.4 Linear Viscoelasticity








2. Nonlinear Viscoelasticity







6

3. Constitutive Equations From Molecular Theories



6

4. Rheology of Complex Polymeric Fluids





5

5. Rheology of Multiphase Systems






5

6. Polymer Mixing








5

7. Computational Determination of polymer Rheology



6

Total






          
          36
References:

1.
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507614Advanced Topics in Polymer Science and Technology I

    3(3-0-9)

Prerequisite: Consent of School

Course description


Topics of recent development/ current interest in polymer science and technology, encompassing chemistry, physics or technological aspects of polymers.

507615 Advanced Topics in Polymer Science and Technology II   
    3(3-0-9)

Prerequisite: Consent of School

Course description


Topics of recent development/ current interest in polymer science and technology, encompassing chemistry, physics or technological aspects of polymers.
507621 Instrumentation and Control Systems



   3(3-0-9)

Prerequisite:
403 296 Electrical Engineering I or Consent of School

Course Description


Essential machine hardware for polymer processing. Instrumentation for pressure measurement. Temperature measurement in polymer processing hardware. Instruments for power, speed, flow and thickness measurement. Temperature control, on-off control , time-temperature characteristic and tuning controller parameter. PID and total process control.

Course Outline



Topics







       
         Hours
1. Machine Hardware








  6

1.1 AC/DC motor drive systems

1.2 Hydraulic drive system

1.3 Comparison drive systems and control

1.4 Thrust bearing assembly

1.5 Feed hopper and barrel

1.6 Heating and cooling systems


1.6.1 Electrical heating


1.6.2 Fluid heating

1.7 Screw heating and cooling

2. Pressure Measurement







  3


2.1 Mechanical consideration


2.2 Specification


2.3 Comparison of different transducers

3. Temperature Measurement







  3


3.1 Methods of temperature measurement


3.2 Barrel temperature measurement


3.3 Stock temperature measurement and ultrasound transmission 

4. Other Measurement

4.1 Power measurement

4.2 Rotation speed

4.3 Fluid flow measurement

4.4 Thickness

4.5 Surface conditioning

5. Temperature Control







  6


5.1 On-Off control


5.2 Proportional control


5.3 Controller



5.3.1 Temperature controller



5.3.2 Power controller



5.3.3 Dual controller

6. Time-Temperature Characteristic






  6


6.1 Thermal characteristic of the system


6.2 Empirical modeling of linear system


6.3 Temperature characteristic with On-Off control

7. Tuning of the controller Parameter





  9


7.1 Performance Criteria


7.2 Effect of PID parameters


7.3 Tuning procedure when process model is unknown


7.4 Tuning procedure when process model is known


7.5 Pretuned temperature controller


7.6 Self-Tuning temperature controller

8. Total Process control







  3

8.1 True total process control



Total 








36
Prescribed Textbook:

1.
C. Rauwendaal, Polymer Extrusion, 3rd ed., Hanser Publisher, Munich, 1994
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507622 Advanced Polymer Extrusion Engineering
   3(3-0-9)

Prerequisite: 507503 Advanced Polymer Processing or Consent of School

Course Description


Overview of extrusion processes. Essential principles in single screw extrusion. Twin screw extrusion: non-intermeshing counter-rotating twin screw extruder, intermeshing counter-rotating twin screw extruder, and intermeshing co-rotating twin screw extruder.

Course Outline


Topics







        
       Hours

1. Introduction








3

1.1 Overview of single screw and multi-screw extruder




1.2 Screw Geometry

1.3 Classification

2. Single Screw Extrusion







9

2.1 Flow mechanisms

2.2 Melting mechanism

2.3 Solid conveying in a plastic screw extruder

2.4 Residence time distribution in single screw extruder

2.5 Screw design

3. Non-Intermeshing Counter-Rotating Twin Screw Extruder


8

3.1 Technology

3.2 Flow mechanisms and modeling

3.3 Experimental studies

4. Intermeshing counter-rotating twin screw extruder



8

4.1 Technology

4.2 Flow mechanisms and modeling

4.3 Experimental studies

5. Intermeshing co-rotating twin screw extruder




8
5.1 Technology

5.2 Flow mechanisms and modeling

5.3 Experimental studies

Total






          
          36

References:

1.
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507623 Advance Polymer Injection Engineering
 


   3(3-0-9)

Prerequisite: 507503 Advanced Polymer Processing or Consent of School
Course Description

Overview of injection processes. Injection molding machine. Basic principles for flow analysis in injection molding. Governing equations for filling phase. Governing equations for packing phase. Numerical methods used in flow analysis. Recent innovative technology in injection engineering.

Course Outline

Topics







       
       Hours

1.   Introduction and Process Definition





3

2.   Injection Molding Machine 


                                              
6

3.   Basic Principles for Flow Analysis in Injection Molding                 

3

3.1 Viscosity model

3.2 Thermal properties

Thermodynamic relationships

4.  Governing Equations for Filling Phase





9

4.1 Material assumption

4.2 Geometric considerations

4.3 Mathematical analysis

5.  Governing equations for Packing Phase





6

5.1 Momentum equation for cavity

5.2 Continuity equation for cavity

5.3 Energy equation for cavity

6.  Numerical Methods Used in Flow Analysis                                                        
6

7.  Recent Trends in Injection Engineering





3

Total






           
          36
References:

1.
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3.
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507624 Plastic Product Design 





   3(3-0-9)

Prerequisite: 507503 Advanced Polymer Processing or Consent of School
Course Description


Review of design practices. Designing for manufacturing. The design process and material selection. Part design features. Part dimension control and shrinkage. Strength of shape. Finishing techniques for plastics. Part design problems and solutions. Computer assisted mold design, and design project.

Course Outline

Topics








       Hours

1. Introduction  and Review of Design Practices 



      
3

2. Designing for Manufacturing





      
3

3. The Design Process and Material Selection



      
3

4. Part Design Features
 
    



                  
6

4.1 Prototyping

4.2 part geometry and wall

4.3 Thickness

4.4 Ribs 

4.5 Fillets and radii

4.6 Parting lines

4.7 Holes

4.8 Undercuts

5. Part Dimension Control and Shrinkage




      
3

6. Strength of Shape







      
3

7. Finishing  Techniques for Plastics




  
3

8. Part Design Problems and Solutions                                                              
3

9. Computer Assisted Mold Design                                                                    
3

10. Design Project







      
6

Total






                      36

References:

1.
E. Miller ED., Plastic Products Design Handbook: Processes and Design for Processes, Marcel Dekker, New York, 1981.

2.
N. P. Cheremisinoff, Product Design and Testing of Polymeric Materials, Marcel Dekker, New York, 1990.

3.
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507625 Mold and Die Design






   3(3-0-9)

Prerequisite: 507503 Advanced Polymer Processing or Consent of School
Course Description

Course overview. Mold and die materials. Manufacturing and machining processes. Injection molds. Compression and transfer molds. Blow molds. General aspects for die design. Computer-assisted mold and die design. Cases study.
Course Outline
Topics 
     






       Hours

1. Introduction 







     
2       

1.1 Types of molds for various processing methods

1.2 Types of  dies for various processing methods

1.3 Basic mold and die  design

2. Mold and Die Materials






     
3

3. Manufacturing and Machining Processes                                                         
6

3.1 Electric discharge machining(edm)

3.2 Electroforming

3.3 Hobbing

3.4 Polishing

3.5 Surface structuring and surface treatment

4. Injection Molds                                                                                               
9            

4.1 Basics of mold construction

4.2 Mechanical design of injection mold

4.2.1
Design of runner system

4.2.2 Design of gates

4.2.3 Design of ejection system 

4.2.4 Design of venting of molds

4.2.5 Design of heat exchanging system

4.3 Mold alignment concepts and demolding techniques           

5. Compression and Transfer Molds                                                                 
6

5.1 Basics of mold construction

5.2 Mold design

5.2.1 Positive molds

5.2.2 Positive molds with land

5.2.3 Multicavity  molds with a common loading chamber

5.2.4 Multicavity  molds with individual loading chamber

5.2.5 Molds with a slide core

5.2.6 Split-cavity molds

5.2.7 Hinged split-cavity molds

6. Blow Molds                 


   



      
3

6.1 Mold constructions

6.2 Construction guideline

6.2.1 Alignment of blow mold

6.2.2 Pinch-off edges

6.2.3 Clamp stops

6.2.4 Venting

6.2.5 Cooling

7. General Aspects for Die Design                                                                    
3

8. Computer Assisted Mold and Die Design                                                          
3

9. Cases Study



                                                     
1

Total






                      36
References:
1.
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507626 Materials Selection and Design 




   3(3-0-9)

Prerequisites: 507501 Polymer Engineering or Consent of School

Course Description


Material and manufacturing consideration in product design. Fundamentals of materials: their behavior and manufacturing properties. Element of engineering design. Effect of material properties and manufacturing process on design. Economics of materials and process. Materials selection. Quality assurance. Testing and inspection. Safety and product liability. Future trends and material substitution.

Course Outline


Topics








          Hours.

1.   Material and Manufacturing consideration in Product Design


  2

2.   Fundamentals of Materials: Their Behavior and Manufacturing Properties.
  4

3.   Element of engineering design 






  4

4.   Effect of material properties and manufacturing process on design

  6

5.   Economics of materials and process





  2

6. Materials selection







  9

6.1 Materials selection charts

6.2 Basics of material selection

6.3 Selection of material and shape

7. Quality Assurance, Testing and Inspection




  4

8. Safety and Product Liability






  2

9. Future Trends and material substitution





  3

Total








36
References:

1.
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2.
M. F. Ashby, Materials Selection in Mechanical Design, 2nd ed., Buttlerworth-Heinemann, Oxford, 1999.
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507631 Mechanics of Solid Polymers
    3(3-0-9)

Prerequisite: 507203 Physical Properties of Polymer or Consent of School

Course description


 Structure of solid polymer. Deformation of an elastic solid. Principle of linear viscoelastricity. Measurement of viscoelastric behavior. Anisotropic mechanical behavior. Creep, stress relaxation and non-linear visocoelasticity. Fatigues an failure behavior of polymer. Yield behavior of polymers and breaking phenomena.

Course outline


Topics







        
       Hours

1.  Structure of solid Polymer







3

2.  Deformation of an Elastic solid






3

3.  Principle of Linear Viscoelastricity





6

4.  Measurement of Viscoelastric Behavior





3

5. Anisotropic Mechanical Behavior





6

6. Creep, Stress Relaxation and Non-Linear Visocoelasticity


4

7. Fatigues and failure behavior of polymer




4 

8. Yield Behavior of Polymers






4

9. Breaking Phenomena







3

Total






          
          36
References:

1.
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2.
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507632 Advanced Mechanics of Fiber-Reinforced Composites
3(3-0-9)

Prerequisite: Consent of School

Course Description

Mathematical analysis and modeling of fiber-reinforced composites: continuous fiber-reinforced lamina, discontinuous fiber-reinforced lamina, laminating theories, failure theories, and environmentally induced stresses in laminates.

Course Outline


Topics







         
      Hours

1. Lamina Stress-Strain analysis






3

2. Effective moduli of a Continuous Fiber-Reinforced Lamina


5

3. Strength of a Continuous Fiber-Reinforced Lamina



5

4. Analysis of a Discontinuous Fiber-Reinforced Lamina



5

5. Analysis of Laminates







6

6. Analysis of failure and theories






6

7. Environmental Induced Stresses in Laminates




6

Total






         
          36
References:

1.
R. F. Gibson, Principles of Composites Materials Mechincs, McGraw Hill, New York, 1994.

2.
M. G. Hyer, Stress Analysis of Fiber-Reinforced Composite Materials, McGraw Hill, New York, 1997.

507641 Advanced Polymer Composites



  
   3(3-0-9)

Prerequisite: Consent of School

Course description


Materials selection in polymer composites design. Composite design and fabrication techniques.  Mechanical behaviors, failure criterion, and testing. Advanced thermoplastic composites and safety issues with composite materials.

Course outline


Topics








         Hours

1. Introduction








1

2. Material selection in composite design





3

3. Processes Design in Composites






3

4. Composites Manufacturing 






6


5. Strength of Composites







9

6. Fracture analysis 








4

7. Mechanical testing of composites





4

8. Advanced thermoplastic composites





5

9. Safety Issues with composite materials





1

Total






          
          36
References:

1.
O. Olabisi, Handbook of Thermoplastics, Marcel Dekker, New York, 1997.

2.
C. A. Harper, Handbook of Plastics Elastomers and Composites, 2nd Ed., McGraw Hill, New York, 1992.

3.
P. K. Mallick and S. Newman, Composite Materials Technology: Process and Properties, Hanser Publishers, Munich, 1990.

4.
F. L. Matthews and R. D. Rawings, Composite Materials: Engineering and Science, Chapman & Hall, London, 1994.

5.
R. F. Gibson, Principles of Composites Material Mechanics, McGraw Hill, New York, 1994.

6.
I. S. Miles and S. Rostam, Multicomponent Polymer Systems, 2nd Ed., Longman Scientific & Technical, Singapore, 1994.

507642 Advanced Rubber Engineering



3(3-0-9)

Prerequisite: Consent of School

Course description


Course overview. Perspective in rubber manufacturing. Properties of natural and synthetic rubber. Thermoplastic elastomers. Rubber chemicals and additives. Rubber processing and product design. Mechanical properties, testing, and analysis. Rubber blends. Waste reduction and disposal.

Course outline


Topics








        Hours

1. Introduction








1

2. Perspective in rubber manufacturing





2

3. Properties of natural rubber and synthetic rubber



5

4. Thermoplastic Elastomers







6

5. Rubber chemical and additives






5

6. Rubber processing and product design





5

7. Mechanical properties, testing, and analysis




5

8. rubber blends








5

9.
Waste reduction and disposal






2


Total






          
          36

References:

1.
W. Hofmann, Rubber Technology Handbook, Hanser Publisher, Munich, 1989.

2.
J. E. Mark, B. Erman, and F. R. Eirich, Science and Technology of Rubber, 2nd Ed., Academic Press, San diago, 1994.

3.
C. A. Harper, Handbook of Plastic Elastomers and composites, 2nd Ed., McGraw Hill, New York, 1992.

4.
F. W. Barlow, Rubber Compounding: Principles, Materials and Techniques, 2nd Ed., Marcel Dekker, New York, 1993.

507643 Advanced Textile Engineering 
    



   3(3-0-9)

Prerequisite: Consent of School
Course Description


Structure, manufacturing process. Properties and applications of synthetic fibers. Textile instrumentation and control. Textile engineering design and quality improvement. Reuse of fiber waste.

Course Outline

Topics








         Hours

1. Introduction









  1

2. Synthetic Fibers








12

2.1 Type

2.2 Manufacturing process

2.3 Mechanical and physical properties

2.4 Application

2.5 Fibers for high performance, industrial application

3. Textile instrumentation and control 





  7

4. Textile Engineering Design






  7

5. Textile Engineering Quality Improvement





  7

6. Reuse of fiber waste







  2


Total








36

References:

1.
T. L. Vigo, Textile Processing and Properites, Elsevier Science Publishers, Netherlands, 1997.

2.
C. M. Carr, Chemistry of the Textiles Industry, Blackie Academic & Professional, Glassgow, 1995.

3.
V. B. Gupta and U. K. Kothari, Manufactured Fiber Technology, Chapman & Hall, London, 1997.

4.
H. Grody, Synthetic Fiber Materials, Longman Scientific & Technical, Essex, 1994.

5.
F. Fourne, Synthetic Fiber: Machines and Equipment, Manufacture, Properties, Hanser Publishers, Munich, 1999.

507644 Adhesive Technology






3(3-0-9)

Prerequisite: Consent of School

Course description


Overview of adhesieve technology. Theories and mechanisms of adhesion. Adhesion promoters. Classification of adhesives. Adhesive stability. Adhesive characterization. Fundamental of coatings. Physics of film formation. Color, gloss, and pigments. Special purpose coatings. Testing of adhesives and coating.

Course outline


Topics








        Hours

1. Introduction








1

2. Theories and mechanisms of adhesion





6

3. Adhesion promoters







2

4. Classification of adhesives






5

5. Adhesive stability 







2

6. Adhesive characterization






3

7. Fundamental of coatings







5

8. Physics of film formation






4

9. Color, gloss, and pigments






4

10. Special purpose coatings







1

11. Testing of adhesives and Coating





3

Total






                      36
References:

1.
A. Pizzi and K. L. Mittal, Handbook of Adhesive Technology, Marcel Dekker, New York, 1994.

2.
W. G. Simpson, Plastics: Surface and Finish, 2nd Ed., Royal Society of Chemistry, Cambridge, 1993.

3.
D. E. Packham, Handbook of Adhesion, Longman Scientific & Technical, Essex, 1992.

4.
Z. W. Wicks, Jr., F. N. Jones, and S. P. Pappas, Organic Coatings: Science and Technology, V.I-V.II, John Wiley & Sons, New York, 1992.

507645 Polymer Degradation and Stabilization


3(3-0-9)

Prerequisite: 507504 Polymer Engineering and Manufacturing in Practice or Consent of 

School.
Course description


Polymer structure and stability. Type of degradation; mechanical cause, chemical causes, heat. Control and prevention of materials degradation. Industrial aspects of materials degradation and its control.

Course outline


Topics








       Hours

1. Introduction








1

2. Polymer structure and stability






5

3. Mechanical cause of materials degradation




6

4. Chemical causes of materials degradation




6

5. Materials degradation induced by heat and other forms of energy

6

6. Control of materials degradation and prevention



6

7. Industrial aspects of materials degradation and its control


6

Total






          
          36
References:

1.
N. S. Allen and M. Edge, Fundamentals of Polymer Degradation and Stabilization, Elsevier Applied Science, London, 1992.

2.
J. F. Rabek, Polymer Photodegradation: Mechanisms and Experimental Methods, Chapman & Hall, London, 1995.

3.
A. W. Batchelor, L. N. Lam, and M. Chandrasekaran, Materials Degradation and Its Control by Surface Engineering, World Scientific Publishing, Singapore, 1999.

507646 Polymeric Foams






   3(3-0-9)

Prerequisite: Consent of School

Course Description


Course overview. Fundamentals of foam formation. Cellular structure and mechanical properties of polymeric foam. Product design. Manufacturing processes. Foam testing. Applications of polymeric foams.

Course Outline


Topics








        Hours

1. Introduction








1

2. Fundamentals of foam formation





4

3. Cellular structure and Mechanical properties of polymer Foam
           
 
6

4. Product design 






          
          11

4.1 thermosetting foams




           

4.2 Thermoplastic foams







4.3 Elastomeric foams


5. Manufacturing processes







6

6. Foam testing








4

7. Industrial applications







4

Total






          
          36
References:

1.
D. Klempner and K. C. Frisch, Handbook of Polymeric Foams and Foam Technology, Hanser Publishers, Munich, 1991.

2.
A. H. Landrock, Handbook of Plastics Foams: Types, Properties, Manufacture and Applications, Noyes Publications, New Jersy, 1995.

3.
H. Belofsky, Plastics: Product Design and Process Engineering, Hanser Publishers, Munich, 1995.

507647 Advanced Plastics Waste Management


       3(3-0-9)

Prerequisites: 507504 Polymer Engineering and Manufacturing in Practice or Consent of 

 School.

Course Description:

Perspective on the solid waste. Engineering with solid waste management. Plastic waste overview; composition, quantities and disposal alternatives. Plastic waste recycling. Recycling of individual plastics. Plastic aging. Alternative materials for environmental friendly products. Energy from waste.

Course Outline:


Topics








          Hours

1.
Introduction: perspective on the solid waste




  1

2. Engineering with solid waste management




  8

2.1 methodology for disposal

2.2 Integrated waste management

2.3 Hazardous wastes

2.4 Law and regulation

3.
Plastic waste overview: composition, quantities and disposal alternatives
  3

4. Plastic waste recycling 







  8

4.1 Collection and separation

4.2 Methods of mechanical recycling

4.3 Methods of feedstock recycling




  

5.
Recycling of Individual plastics






  4

6.
Plastic Aging








  4

7.
Alternative materials for environmental friendly products


  4

8.
Energy from Waste







  4

Total








36
References:

1.
K. L. Shah, Basics of Solid and Hazardous Waste Management Technology, Prentice Hall, New Jersy, 2000.

2.
R. A. Buchholz, Principles of Environmental Management: The Greening of Business, Prentice Hall, New Jersy, 1993.

3.
N. Mustafa, Plastic Waste Management: Disposal Recycling and Reuse, Marcel Dekker, New York, 1993.

4.
W. Hoyle and D. R. Karsa, Chemical Aspects of Plastics Recycling, The Royal Society of Chemistry, UK, 1997.

5.
J. Scheirs, Polymer Recycling: Science, Technology and Applications, John Wiley & Sons, New York, 1998.

6.
A. L. Bisio and M. Xanthos, How to Manage Plastic Waste: Technology and Market Opportunities, Hanser Publishers, Munich, 1995.

507648 Polymer Mixing and Compounding 



   3(3-0-9)

Prerequisite: 507502 Polymer Rheology or Consent of School 

Course Description


Course overview. Distributive mixing. Dispersive mixing. Single screw mixer. Multi-screw mixer. Internal and external mixing. Static mixing devices. Polymer compounding.

Course Outline


Topics









Hours

1. Introduction









   3

1.1 Basic mixing mechanism

1.2 Classification of mixer

2. Distributive Mixing








   3

2.1 Solid-solid mixing

2.2 Liquid-liquid mixing

3. Dispersive Mixing



  
   



   3

1.1 Solid-solid mixing





1.2 Solid-liquid mixing

1.3 Liquid-liquid mixing 

4. Single Screw Mixer








   6


4.1 Process analysis and unit operation


4.2 Screw design


4.3 Scale-up for mixing

5. Multi-Screw Mixer








   9


5.1 Turn versus single screw mixer


5.2 Principle of twin screws mixer


5.3 Characteristic and application of twin screw in polymer compounding


5.4 Process control and design

6. Internal and External Mixing







   3


6.1 Modeling of mixers


6.2 Rotor design in internal mixer


6.3 Simulation

7. Static Mixing Devices







   3

7.1 Geometry

7.2 Process control

7.3 Mixing materials with different viscosity

8. Polymer Compounding







   6

8.1 Filler mixing


8.2 Fibrous mixing


8.3 Polymer blends


8.4 Compounding in polymer engineering


Total








  36
References:

1.
R. H. Wildi and C. Maier, Understanding Compounding, Hanser Publishers, Munich, 1998.

2.
C. Rauwendaal, Mixing in Polymer Processing, Marcel Dekker, New York, 1991.

3.
D. B. Todd, Plastics Compounding: Equipment and Processing, Hanser Publishers, Munich, 1998.

4.
C. Rauwendaal, Polymer Mixing: A Self-study Guide, Hanser Publishers, Munich, 1998.

5.
C. Rauwendaal, Polymer Extrusion, Hanser Publishers, Munich, 1994.

507651 Numerical and Finite Element for Polymer Processing
   3(3-0-6)

Prerequisite: 103202 Numerical Methods for Computer or Consent of School 

Course Description

An overview of numerical simulation and basic equations. Introduction to finite elements. finite difference solution of field problems. Finite element for field problems. Boundary element solution of field problems. Numerical techniques for free and moving boundary problems. Compulsary of the course by practical work exercises.

Course Outline


Topics









Hours

1. An Overview of Numerical Simulation and Basic Equations


   3

1.1 Field and navier stokes equations

1.2 Rheological equations of state

1.3 Approximate constituttive equations

1.4 Formulation the governing equation and boundary conditions

   6

2. Introduction to Finite Elements

2.1 Finite element representation

2.2 The finite element method

2.3 Method of weighted residuals

2.4 Construction of the algebraic system

2.5 Solution of the algebraic system

2.6 Two-dimension problem

2.7 Numerical integration

3 Finite Difference Solution of Field Problems



  
   6

3.1 Basic Formulations

3.2 Steady-state solution procedures

3.3 Transient solution procedures

3.4 Alternative formaulation for finite difference equations

3.5 Grid generation methods

3.6 Mapping equation to the computational domian

4.   Finite Element for Field Problems





   9


4.1 Some basic ideal of finite elements


4.2 A two-dimensional example


4.3 Shape function properties and solution convergence


4.4 Extension of Co elements of higher orders


4.5 Element calculation carried out in local coordination


4.6 Finite element solution of temperature-independent generalised


      newtonian flow


4.7 Steady state heat transfer


4.8 Strongly coupled flow and heat transfer


4.9 Post processing


4.10 Transient non-linear heat conduction, including phase change


4.11 Solution for systems of linear equations


4.12 Finite element packages and applications

5. Boundary Element Solution of Field Problems




   6


5.1 Formulation


5.2 Equations for special geometry


5.3 Numerical implementation


5.4 Applications in polymer processing

6. Numerical Techniques for Free and Moving Boundary Problems


   6

6.1 A representative and free boundary techniques


6.2 Representative and moving boundary techniques


6.3 Finite element/control volume approach for injection molding filling


Total








  36
Prescribed Textbooks:

1.
C. L. Tucker III, Computer Modeling for Polymer Processing: Fundamentals, Hanser, Augsburg, 1989.
2.
M. J. Crochet, A. R. Davies, and K. Walters, V. 1:Numerical Simulation of Non-Newtonian Flow (Rheology Series 1), Elsevier, Amsterdam, 1984.

References:

1.
M. M. Denn, Process Modeling, Longman, New York, 1986.
2.
Z. Tadmor and C. G. Gogos, Principle of Polymer Processing, Wiley Interscience, New York, 1979.
3.
L. T. Manzione, Ed., Application of Computer Aided Engineering in Injection Molding, Hanser Publishers, Munich, 1987.

507652 CAD/CAM/CAE in Polymer Manufacturing


   3(2-3-8)

Prerequisite: 402204 Engineering Graphic II or Consent of School

Course Description


Overview of CAD/CAM systems. Geometric model. Two and three-dimensional graphic concepts. General design applications. Applications in polymer processing engineer.

Course Outline

Topics








        Hours

1. Overview of CAD/CAM Systems






2+(6)

1.1 CAD/CAM contents and tools

1.2 CAD/CAM hardware

1.3 CAD/CAM software

1.4 Mechanical and polymer applications

2. Geometric Modeling







6+(6)


2.1 Types and mathematical representation of curves


2.2 Types and mathematical representation of surfaces


2.3 Types and mathematical representation of solids


2.4 CAD/CAM data exchange

3.Two and Three Dimensional Graphic Concepts




3+(6)


3.1 Geometric transformation


3.2 Visual realism


3.3 Graphic aids


3.4 Graphic manipulation and editing

4. General Design Applications






4+(6)


4.1 Mechanical tolerancing


4.2 Mass property calculation


4.3 Finite element modeling and analysis


4.4 Design project with CAE focus

5. Polymer Processing Application






9+(12)

5.1 CAD of plasticating screw

5.2 CAD in die design

5.3 CAE in injection molding

5.4 CAD/CAE in blow molding 



Total








24+(36)

Note: Number in bracket indicates practical hours

References:

1.
I. Zeid, CAD/CAM: Theory and Practice, McGraw Hill, Singapore, 1991.

2.
C. McMahon and J. Browne, CAD/CAM: From Principle to Practice, Addison Wesley Publishing, Suffolk, 1994.

3.
C. Machover, The CAD/CAM Handbook, McGraw Hill, New York, 1995.

4.
T. Chang, R. A. Wysk, and H. Wang, Computer Aided Manufacturing, Prentice Hall, New Jersy, 1991.

5.
N. S. Rao, Computer Aided Design of Plasticating Screws, Hanser Publishers, Munich, 1986.

6.
W. M. Michaeli, Extrusion Die for Plastics and Rubber, Hanser Publishers, Munich, 1992.

7.
L. T. Manzione, Applications of Computer Aided Engineering in Injection Molding, Hanser Publishers, Munich, 1987.

8.
D. V. Rosato and D. V. Rosato, Blow Molding Handbook, Hanser Publishers, Munich, 1989.

507653 Modeling and Simulation in Polymer Processing I

   3(2-3-8)

Prerequisite:
507651 Numerical and Finite Element for Polymer Processing or Consent of 

School

Course Description

Introduction to process modeling. Model of materials behavior. Model simplification. Simplified geometry models. Simulation of viscoelastic fluid flow. Including the practical exercises. 

Course Outline


Topics







 
       Hours

1. Introduction to Process Modeling






1

1.1 Why models are useful

1.2 How to build a model

2. Model of Materials Behavior






6+(12)


2.1 Properties required for modeling of polymer processing


2.2 Rheological behavior


2.3 Equations of state and PVT behavior


2.4 Glass transition, crystallinity and crystallisation


2.5 Thermal conductivity and diffusivity


2.6 Thermoset curing and kinetics


2.7 Microstructure description and measurement

3. Model Simplification







6+(6)


3.1 Dimension analysis



3.2 Common assumption in polymer processing analysis


3.3 Building models from simplified geometries


3.4 Mathetical manipulations

4. Simplified Geometry Models






6+(6)


4.1 Governing equation and boundary conditions


4.2 Pressure-induced flows in geometrically simple units


4.3 Combined pressure and drag induced flows in geometrically 


      simple units


4.4 Flow in networks of geometrically units

5. Simulation of Viscoelastic Fluid Flow





5+(6)


5.1 Mathematical models


5.2 A method classification


5.3 Coupled techniques for differential models


5.4 Coupled techniques for integral models


5.5 Decoupled techniques


5.6 Selected numerical simulation


5.7 The high weissenberg number problem


Total








24+(30)

Prescribed Textbook:

1.
C. L. Tucker III, Computer Modeling for Polymer Processing: Fundamentals, Hanser, Augsburg, 1989.
References:

1.
C. L. Tucker III, Fundamental of Computer Modeling for Polymer Processing, Hanser Publishers, Munich, 1989.
2.
A. I. Isayev, Publishers, Munich,, Hanser Publishers, Munich, 1991.
507654 Modeling and Simulation in Polymer Processing II

   3(2-3-8)

Prerequisite: 507653 Modeling and Simulation in Polymer Processing I or Consent of School

Course Description

Second course in modeling and simulation in polymer processing. Modeling of materials processing. Modeling and simulation in extrusion processes. Multi-screw extrusion. Injection molding and future trends in computer modeling. The practical exercises using the commercial computer software.

Course Outline

Topics 







        Hours

1. Modeling of Materials Processing






3+(3)

1.1 A brief overview of modeling

1.2 Inverse formulation and its applications

1.3 Comparison of modeling methods

2. Modeling and Simulation in Extrusion Processes




6+(9)

2.1 A multipurpose FE for continuous process

2.2 Analysis and design for multi-layer flows

2.3 FE for molten polymer flow

2.4 Designing extrusion screw and cooling section

2.5 Inverse formulation for die flow simulation

2.6 Modeling and modeling of flow in extrusion die
2.7 Application of the computer software
3. Introduction to Modeling and Simulation of Multi-screw Extrusion

3+(6)

3.1 Mechanism of flow simulation

3.2 Numerical simulation of the transport process in twin-screw

4. Modeling and Simulation in Injection Molding




9+(9)


4.1 Molding and simulation of packing and cooling

4.2 FE simulation of thermoforming


4.3 Modeling and simulation of blow molding 


4.4 Modeling and simulation of thermoplastics injection molding


4.5 Simulation of injection molding of rubber compounds

5. Future Trends in Computer Modeling





3+(3)


5.1 Three dimension transient mold cooling simulator


5.2 Simulation process in advance composite materials


5.3 Technical cost modeling and simulation


Total








24 +(30)

References

1.
C. L. Tucker III, Computer Modeling for Polymer Processing: Fundamentals, Hanser, Augsburg, 1989

2.
A. I. Isayev, Modeling of Polymer Processing, Hanser Publishers, Munich, 1991
3.
K. T. O’Brien, Application of Computer Modeling for Extrusion and Other Continuous Polymer Processes, Hanser Publishers, Munich, 1992
4.
M. J. Crochet, A. R. Davies, and K. Walters, V.1:Numerical Simulation of Non-Newtonian Flow (Rheology Series 1), Elsevier, Amsterdam, 1984.

5.
M. M. Denn, Process Modeling, Longman, New York, 1986

6.
Z. Tadmor and C. G. Gogos, Principle of Polymer Processing, Wiley Interscience, New York, 1979

7.
L. T. Manzione, Ed., Application of Computer Aided Engineering in Injection Molding, Hanser Publishers, Munich, 1987.

8.
D. V. Rosato and D. V. Rosato, Blow Molding Handbook, Hanser Publishers, Munich, 1989.
507661 Advanced Topics in Polymer Engineering I
 

    3(3-0-9)

Prerequisite: Consent of School

Course description


Topics of recent development/current interest in polymer engineering, encompassing engineering aspects of polymer manufacturing.

507662 Advanced Topics in Polymer Engineering II 

   
    3(3-0-9)

Prerequisite: Consent of School

Course description


Topics of recent development/ current interest in polymer engineering, encompassing engineering aspects of polymer manufacturing.
507 904 Doctoral Dissertation IV
    
           

                     48  Credits

Prerequisite :  None
Course description


Innovation and Solving the Scientific problems on basic and/or applied research areas for the doctoral degree level in Polymer Engineering

53
23

