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Natural and Synthetic Rubber Materials
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Types, structures, properties and applications of natural rubbers; synthetic rubbers; synthetic polyisoprene, styrene butadiene
rubber, nitrile rubber, chloroprene rubber, butyl rubber, butadiene rubber, ethylene propylene diene rubber, silicone rubber,

polyurethane rubber, fluorocarbon rubber, new synthetic rubber
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Additives for Rubber
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Additives for crosslinking systems; vulcanization by sulfur, peroxide and others; accelerators; activators and
retarders; fillers, types and characteristics of fillers, particulate fillers, layered fillers, fiber fillers; surface treatment; specific
filler; softener; plasticizers and use; heat, oxidation and ultraviolet stabilizers; antiozonants and use; coloring agents; flame

retardants; blowing agent; antistatic agent; lubricants new additives in rubber industries
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Processing of Rubber
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Rheological properties involved in rubber processing; size reduction (mastication) of rubber molecules and
reaction mechanisms; principles of rubber mixing and energy of mixing; rubber calendering; compression molding; transfer
molding; injection molding; mold design; product finishing; rubber extrusion; steam vulcanization; hot air vulcanization;

continuous vulcanization of rubber profiles and related laboratories mixing of rubber with additives, single screw and twin



screw extrusion, blown film process, blow moulding process, extrusion line for film manufacturing, compression moulding,

transfer moulding, injection moulding, coating, casting, rotomolding
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Testing of Rubbers
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Specimen preparation and testing conditions; plasticity; cure time and melt flow properties; hardness and stress-
strain tests; fracture; abrasion and flow resistance; orientation and stress relaxation; flex cracking and fatigue tests; resilience;
impact and dynamic mechanical tests; electrical tests; heat and aging; flammability tests; flame retarding; non-destructive tests;

tests of products; crystallity and test methods
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Polymer Synthesis
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Step growth polymerization; chain growth polymerization; stereochemistry of Ziegler-Natta polymerization;
coordination polymerization; ring opening polymerization; metathesis polymerization; transfer polymerization;

polymerization process; polymer characterization and analysis laboratory
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Instrumental Analysis
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Principles and techniques of instrumental analysis based on polymer molecular weight determination by gel
permeation chromatography (GPC) thermal properties measurement by differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA), dynamic property by dynamic mechanical property (DMA); polymer characterization by

nuclear magnetic resonance spectroscopy (NMR) and fourier transform infrared spectroscopy (FTIR); morphology



measurement by scanning electron microscopy (SEM) and transmission electron microscopy (TEM); as well as laboratories

of advanced instrument application and statistical analysis of results
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Structure — Properties Relationship of Polymer
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Effect of molecular weight and molecular weight distributions on physical properties; relationship between
molecular structure and glass transition temperature and crystallization of polymer; relationship between molecular structure
and melting of polymer; relationship between molecular structure and strain-induced crystallization; influence of molecular

structure on crosslinking reaction and physical properties
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Polymer Blends
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Fundamental of polymer blends; compatibilization methods for polymer blends; types of polymer blends;
characterization of polymer blends; properties of polymer blends; commercial applications of polymer blends; future

perspectives in polymer blends
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Rheological Properties of Polymer
v zi’ Y a 1 = = A g A wa g A v a a aaa
ATUILUDIAULASHITNAN ‘V]'Niiﬂiaﬂ FAUUAATUNITIRNDU TUUAATUNITYALAZNITIA ’Jﬁiﬂﬂa'lﬁ@'l“ﬁ@l
A ~ a 4 ) = A ~ a 4 ] A = a 4 ] A ~ a 4
msmﬂammnmumﬂami msmﬂauma‘nmuﬂﬂmmzuwu mimﬂﬂmmmummumum mimﬂammmuu
4 v A =) 9 wa ) = v A g = a
nosn Myias lelad lagldauianiauassTelagueanszuIumnaue1d MIoasauugl msnagaasnaiaan
mahgaazmsnhvanaiaan
Introduction and definition of rheology; shear properties; extensional properties and measurement; viscoelasticity;
capillary rheometer; cone and plate rheometer; parallel plate rheometer, torque rheometer; rheological measurement utilizing
optical properties; rheology of rubber mixing; extrusion; injection molding of rubbers and plastics; blow-film extrusion and

injection blow molding of plastic bottles
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Reactive Polymer Processing
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Principles and theories; applications and production processes of reactive polymers by extrusion and injection

processes
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Rubber Chemistry
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Chemical nature of natural rubber molecule; diene homopolymer rubbers and diene-based copolymers; cross-linking of diene
rubbers; oxidation and ozonolysis of diene rubbers and protection; chemistry of polychloroprene, polyisobutylene and butyl

rubber; rubbers based on ethylene; fluorine-containing rubbers and acrylic rubbers
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Physical Properties of Rubber
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Dynamic properties of rubber; density and specific gravity; coefficient of thermal expansion and compressibility
of rubber; heat capacity and thermal conductivity of rubber materials; rubber elasticity; of rubber glass transition of rubber
materials; rubber-solvent interaction; solubility parameters; relationship between stress and strain; swelling of rubber
networks; strain induced crystalization; morphology; electrical and magnetic properties; of rubber respond to heat and
radiation of rubber; surface and interfacial properties; permeability of gas and vapor; acoustic properties of rubber; strength
and fatigue; friction and abrasion
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Advanced Latex and Emulsion Technology
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Natural rubber latex; synthetic latices; emulsion and emulsion techniques; emulsion and latex stability;
hydrophobic-lyophillic balances (HLB); latices and emulsion for dipping, foam, paint, adhesive, and other industries and

related laboratories in latex industries
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Rubber Products Design
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Application of polymer engineering theories and computer software to design rubber products; design, selection of
rubber materials, additives for rubber product processing and production techniques to obtain rubber product with appropriate

and commercial application and related laboratories
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Mold Design for Rubber Products
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Basic engineering of mold design; mold design for compression, transfer molding and injection molding processes

of rubber; rhological properties of rubber melt flow in various molds; heat and mass transfer phenomena in various molds
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Adhesion, Adhesive and Rubber Bonding Technology
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Adhesion of engineering materials; surface chemistry of adhesive; theories of adhesion and cohesion; surface
preparation; adhesive formulation; testing; lifetime and reliability of adhesives; substrate preparation (metal); pre-treatment of
rubber and plastic; rubber to metal bonding; strength for adhesion test; bonding agent preparation, application and use;
solvent-borne bonding systems; waterborne bonding systems; primers; bonding of rubber to metal, failures in rubber bonding

to substrates
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Rubber Curing and Properties
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Heat transfer of rubber curing process (heat conduction, heat convection, and heat radiation); thermal properties
(specific heat, thermal conductivity, thermal diffusivity); kinetics of cure reaction; measure of cure enthalpy; cure of rubber in
mold; rubber—mold relation; process of heating and cure; effect of rubber thickness; effect of the enthalpy of cure; effect of

temperature on cure; effect of the kinetic parameters of cure; effect of activation energy
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Natural Rubber Blends
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Measurement of crosslink density in vulcanized rubber blends; characterization of vulcanized rubber blends by
microscopy; estimation of crosslink density in vulcanized rubber blends by solid-state nuclear magnetic resonance
spectroscop; natural rubber/ nitrile butadiene rubber blends; natural propylene copolymer (EPM) blends; natural
rubber/epoxidized natural rubber blends; compounding NR/EPDM blends for tyre sidewalls; preparation and properties of

thermoplastic natural rubber based on NR blend with various types of thermoplastic
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Mixing of Rubber
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Blending of various particles; kinetics of mixing; mixing equipment; laminar and dispersive mixing; milling of

rubbers; rubber compounding with internal mixer; continuous rubber mixing; preparation and mixing of powder rubbers
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Rubber Elasticity
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General physical properties of rubber; energy and entropy changes on during deformation; elasticity of rubber
molecules; elasticity of molecular network; general strain theory; large-deformation theory: shear and tortion; swelling

phenomena; cross-linking and modulus
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Process Control of Rubber Production
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Transducers for measuring pressure, temperature, stress, position change, acid-base, angular velocity, linear
velocity and acceleration, chemical compositions, flow level, on-off system; transducer and computer interface; data

acquisition and display; process control by computer CAD, CAM
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Seminar in Rubber Technology I
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Literature survey and presentation of current topics in rubber and polymer industry technology based on

individual interest with approval of advisors; attendance and participation in the discussion of the seminar
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Seminar in Rubber Technology 11
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Literature survey and presentation of current topics in rubber and polymer industry technology based on
individual interest with approval of advisors; attendance and participation in the discussion of the seminar; presentation in

english
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Research on topics of interest in natural rubber, synthetic rubber and polymer in order to create new scientific

knowledge, academic benefit, and/or applications under the supervision of advisors
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Thesis
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Research on topics of interest in natural rubber, synthetic rubber and polymer in order to create new scientific

knowledge, academic benefit, and/or applications under the supervision of advisors
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