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(Applied Mathematical Methods for Polymer Engineering)
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(Computational Fluid Dynamics Simulation)
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(Selected Topics in Polymer Science and Engineering 1)
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(Surface Modification and Functionalized Polymers)
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Advanced Polymer Synthesis

Rate expression and molecular weight control in step-growth and chain-
addition polymerizations. Copolymerization reactions and control of their monomer
sequence in copolymer chains. Polymerization reaction systems and systems used
in industries. Emulsion polymerization systems, rate and molecular weight control,
and their application for industry. Control/living radical polymerization. Metathesis
polymerization. Group transfer polymerization. Plasma polymerization.
Sonochemical polymerization. Synthesis of silicone polymers. Case studies of new

polymer synthetic processes.

Polymer Physics

Conformations of ideal and real polymer chains. Dynamics of polymer
molecules. Linear viscoelasticity of polymers. Physics of amorphous and crystalline
polymers. Transition temperature and free volume of polymers. Elastic properties of

rubber materials. Case studies of current research in polymer physics.

Advanced Polymer Characterization

Relationship between polymer morphology, processing and property.
Techniques for polymer molar mass determination. Characterization of polymers
using thermal analysis. Morphological investigations using microscopy techniques.
Application of techniques in spectroscopy and x-ray diffraction in polymer
characterization. Techniques for dynamics characterization of polymers. Practical
interpretation of polymer characterization data. Case studies of current research in

polymer structural analysis by polymer characterization.

Physical Chemistry of Polymers

Thermodynamics of polymer solution and blends. Theories and
experimental techniques of polymer solutions. Physical methods for investigation of
conformation of polymer molecules. Case studies of current research in physical

chemistry of polymers.



622 515

622 516

622 517

622 518

622 521

183 upad. 2

Polymer Blends

Basic concepts of polymer blends. Thermodynamic theories and
experimental determination of miscibility of polymer blends. Compatibilization.
Rheology of polymer blends.  Factors affecting polymer blend properties.
Applications of various polymer blends. Case studies of current research in polymer

blends.

Surface Modification and Functionalized Polymers

Surface forces. Surface modification of polymers by physical, chemical
and biological methods. Grafting on polymer surfaces. Characterization of polymer
surfaces. Surface properties of polymers. Applications of functionalized polymers in

chemical, biomedical and other technological applications.

Polymer Recycling

Sustainable polymer waste management with the reduce, reuse, recycle
and incineration approach. Sorting and separation of polymer wastes using various
kinds of technology. Size reduction of recycled polymer waste. Melt processing of
recycled thermoplastic wastes and contaminant filtration. Waste management of
thermosets and commingled polymer wastes. Pyrolytic and solvolytic processes.
Energy recovery from polymer wastes. Case studies of manufacturing of recycled

polymer products. Laws and regulations related to polymer recycling.

Elastomers and Thermoplastic Elastomers

New elastomers and current thermoplastic elastomers. Composition,
morphology, properties, and applications of elastomers and thermoplastic
elastomers. Innovations in the fabrication process for new elastomers and current

thermoplastic elastomers.

Applied Mathematical Methods for Polymer Engineering
Mathematical principles for understanding and solving engineering

problems in polymer studies. Analytical methods in polymer processing including
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stress-strain analysis in solids. Case studies of fluid mechanics concerning rheology,
mass and energy transport equations, viscoelastic properties related to polymer
processing. Mathematic models. Applications of mathematical equations in polymer

processing including extrusion and injection molding.

Advanced Rheology and Polymer Processing

Relationships between stress and strain in tensor equations for elastic
solids and Newtonian fluids.  Rheological models of non-Newtonian fluids.
Theoretical basis of capillary and rotational rheometer. Practical interpretation of
rheological data. Application of rheological model and continuum mechanics in
extrusion, injection molding, blown film extrusion, and calendaring. Case studies of

rheological model for screw and die design.

Advanced Transport Phenomena in Polymers

Transport phenomena and unit operations. Review of principles of
momentum, heat, and mass transfer. Importance of principles of momentum, heat,
and mass transfer in polymer processing. Simultaneous momentum, heat and mass
transfer problems. Examples of calculations in the polymer industry and processes
involving momentum, heat, and mass transfer. Case studies of current research

related to advanced transport phenomena in polymers.

Computational Fluid Dynamics Simulation

Fundamental equations of fluid motion. Momentum, heat, and mass
transfer equations. Initial and boundary conditions. Numerical techniques using
computers. Geometrical drawing. Meshing. Initial and boundary condition setting.
Numerical solutions. Post-processing simulation results. Case studies of turbulence
flow simulation, simulation of compressible flow, combustion simulation, multiphase

flow, flow in fluidized columns, and flow of polymer melts in molds.
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Engineering Controls in Polymer Processing

Techniques of control applied to equipment and processes in polymer
processing. Linear and nonlinear control theories. Industrial instruments for
measurement and control in the polymer processing industry. Design of experiments
and analysis of polymer processing. Dynamic testing techniques. Automatic process
control. Modeling and process simulation in extrusion and injection molding. Types
of controllers. Transducers. Final control elements. Interacting systems and their

applications.

Rapid Prototyping
Rapid prototyping. Stereolithography. Laminated object manufacturing.
Selective laser sintering. Fused deposition modeling.  Solid ground curing.  Case

studies of rapid prototyping.

Mechanical Behavior of Polymers

Linear viscoelasticity. Creep. Stress relaxation. Dynamic mechanical
phenomena.  Principles of time-temperature superposition.  Rubber elasticity.
Failure behavior and deformation of polymeric materials. Morphology and its
characterization. Case studies of current research into the mechanical behavior of

polymers.

Thermal and Physical Properties of Polymers

Thermal properties of polymers. Electrical and magnetic behavior of
polymers. Acoustic and optical properties of polymers. Diffusion properties of
polymers. Relationships between the structure of a polymer and its thermal and
physical properties. Case studies of current research into the thermal and physical

behavior of polymers.
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Advanced Polymer Degradation and Stabilization

Polymer structure and stability. Thermal degradation of polymers.
Degradation mechanisms of polymers under various conditions.  Stabilization
methods of those polymers using additives or other techniques. Application of

these ideas in industry. Recent research.

Polymer Product Design

Principles and product design concepts from engineering mechanics,
polymer properties, and manufacturing considerations. Design and modification of
product shape and structure for applications. Structural and assembly design

considerations.

Biobased and Biodegradable Polymers

Basic concepts of biobased and biodegradable polymers. Synthesis,
properties, and applications of biobased and biodegradable polymers.
Biodegradation processes. Case studies of current research on biobased and

biodegradable polymers.

Advanced Composite Materials

Mechanics of composite materials. Mechanical properties of composites
reinforced with metal particles. Metal matrix composites.  Cermet composites.
Rubber composites. Plastic composites. Mechanical properties of fiber reinforced

composites. Mechanical properties of laminated composites.

Technical Textiles

Fiber structure and conventional processes. Technical fibers. Staple
technical fiber production. Continuous technical fiber production. Mechanical
properties of technical fibers. Technical textiles of carbon, boron, silicon carbide,
and Kevlar. Fiber blending. Modern dyeing and finishing. Encapsulated surfaces

modified fibers.
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Carbon Materials and Micro-/Nano-Technology

Basic concepts of carbon materials and micro-/nano-technology. Structure
in carbon materials.  Physical and chemical properties of carbon materials.
Synthesis, characterization, and applications of carbon materials. Case studies of

current research in carbon materials and micro-/nano-technology.

Advanced Biomedical Materials

Polymers, metals, ceramics, and composites for biomedical materials.
Classification and properties.  Novel biomedical materials and their uses in
biomedical engineering. Hydrogels. Self-assembling peptides. Implant materials.
Scaffolds.  Tissue engineering. Polymeric drug delivery systems. Nanostructured
devices. Surface modification for biological applications. Biomimetic materials and
surfaces. Bioinspired materials and surfaces. 3D printing for biomedical applications.
Safety concern for material usage. Biocompatibility of materials and tissues. Ethical

issues of Implants.

Innovation and Entrepreneurship

Concepts of innovation.  Various sources of innovation. Innovation
process and related management issues in technological innovations. Concept of
entrepreneurship for commercial applications. Business creation and related

management processes.

Quality Assurance

Quality assurance in business. Product creation process. Product
conceptualization. Product design and manufacturing. Relationship between
production and quality of products. Management role for qualified products.
Perspectives of quality. Paradigm shift in quality. Important quality concepts,

techniques, and systems. Roles and applications of quality assurance in product
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design and development, and product competitiveness. Marketing. Research and
development. Manufacturing. Inspection. Sales and after-sale service. Quality

management system.

Modern Manufacturing Systems

Modern manufacturing concepts and systems. Flexible manufacturing.
Lean manufacturing.  Mass customization. Computer-integrated manufacturing.
Virtual organization. Agile manufacturing. Learning organizations. Comparison of
traditional manufacturing and modern manufacturing systems. Application of

information technology and computer-aided tools to manufacturing systems.

Selected Topics in Polymer Science and Engineering 1)

Current topics of interest in Polymer Science and Engineering.

Selected Topics in Polymer Science and Engineering I
Current topics of interest in Polymer Science and Engineering. Not the

same as described in 622 581 Selected Topics in Polymer Science and Engineering .

Research Methodology

Researchers’ code of ethics. Creative thinking and problem-solving.
Research concepts and examples of research. Systematic approaches to conducting
research and the importance of each step in conducting successful research. Topic
selection. Experimental design. Data collection. Analysis of data using quantitative
and qualitative approaches.  Research proposal preparation.  Research report
preparation. Presentation techniques. Analytical skills for defense. Publication of

research. Abstract writing. Skills development in the use of research instruments.
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Seminar in Polymer Science and Engineering |

Comprehensive article reading. Compilation of information from interesting
and up-to-date research articles in the field of Polymer Science and Engineering.
Composition content from selected research articles for presentation in English in
the class. Researcher’s ethics and etiquette in citing references for presentations.

Compulsory seminar attendance and submission of a full report.

Thesis
Individual research thesis under the supervision of a faculty member of

the Polymer Science and Engineering for plan A-1.

Thesis
Individual research thesis under the supervision of a faculty member of

Polymer Science and Engineering for plan A-2.



