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Type, structure—properties relationship of rubber; rubber elasticity; applications of natural rubber and synthetic
rubbers; curing systems; new additives; rubber formulation design; production process of dry rubber products, mastication of
rubber, reaction mechanisms, principles of rubber mixing with chemicals, energy of mixing, thermodynamics of mixing,
laboratories of rubber processing, rubber forming and dry rubber produt testing; latex technology, natural rubber latex,

synthetic lattices, emulsion and emulsion techniques, emulsion and latex stability, latices and emulsion for dipping, foam,

paint, adhesive, and other industries and related laboratories in latex technology
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(Advanced Rubber Instrumental Analysis)
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Principles and techniques of instrumental analysis based on spectroscopic properties measurement by
ultraviolet—visible spectroscopy, infrared spectroscopy, raman spectroscopy and nuclear magnetic resonance spectroscopy;
morphology analysis by scanning electron microscopy, transmission electron microscopy and atomic force microscopy;
thermal property measurement by differential scanning calorimetry and thermogravimetric analysis; dynamic property
measurement by dynamic mechanical property; temperature stress scanning relaxation; laboratories of advanced instrument

application and statistical analysis of results



927-503  Inemsdeyad1HSUAMHNI NN 3((2)-3-4)

(Data Science for Rubber Industry)

a a 9 Y =K v 9 G} [ F) ) F) v
HUIAAUBIINYINITUBYA NITLVIDILUASHNAVDYA NITATINLASNITIANITUDYA NITAITIVVDYA NITATN
Pl a a Y a wa 9 a 9 20 Ya P

NMNUVBYD MMNAUANITAUNTICHVBYD flJ;]'lJG]ﬂ"liT’iJﬁlLﬂill‘Vﬂﬂﬂ?u’JﬂfJ"Ifﬂﬁ‘Uf]ll‘lﬁ ﬂ1§ﬂi$f§ﬂ@1"]§’]ﬂﬂ?ﬂ1§ﬂ]ﬂu‘]ﬁ1u
QATIMNITNON NTAANYT

Data science concept; data access and extraction; data preparation and manipulation; data exploration; data
visualization; data analytical techniques; practice about programming and embedded system for data science; data science

applications for rubber industry; case studies
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(Special Topics I)
Wateiruinuaioluma Tuladgaavnisunaasnoawes

Special topics of current interests in rubber industry technology and polymer
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Principles of research ethics; research misconduct; data fabrication and falsification; plagiarism; program for

checking similarity
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Principles of rubber blends; compatibilization methods for rubber blends; types of rubber blends;

characterization of rubber blends; properties of rubber blends; engineering applications of rubber blends
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Rubber synthesis; step polymerization; chain polymerization by free radical mechanism, cationic mechanism
and anionic mechanism; graft and block copolymerization; bond rearrangements of rubber molecule; oxidation reaction;
functionalization by attachment of new chemical groups to rubber molecule through substitution and addition reactions;

derivatives of natural rubber; vulcanization of modified rubber; laboratories of synthesis and chemical modification of rubber
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Thermal degradation; oxidation; photochemical and mechanical degradation; chain scission reaction; transfer
reaction; autoxidation; experimental study of polymer degradation; mechanisms of prevention reaction; development of heat

and light stabilizers; antioxidants and antiozonants for rubbers and plastics; aging; biodegradation
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Definition, structure and classification of nanoreinforcing fillers and rubber matrices; synthesis technique of
nanoreinforcing fillers; rubber molding processing of nano-rubber composites; dispersion of nanoreinforcing fillers in rubber
matrix; adhesion between nanoreinforcing filler and rubber matrix; mechanical and functional properties of rubber
nanocomposites; nanofillers using in rubber: silica, clays, carbon nanotube, graphene, ceramic fillers, carbon black, new nano

fillers
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(Specialty Rubbers)
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Properties and applications of hydrogenated nitrile rubber; fluoro rubber; polyacrylate rubber; ethylene/acrylic
rubber; polyepichlorohydrin rubber; chlorinated polyethylene rubber; chlorosulfonated polyethylene rubber; alkylated
chlorosulfonated polyethylene rubber; ethylene vinyl acetate rubber; polysulfide rubber; vulcanization agents, antioxidants

and processing aids for special rubber; considerations in design of rubber formulation
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(Smart Rubber Materials)
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Types of smart rubbers; dielectric elastomer for electric charge storage application; dielectric elastomer sensor;
conductive rubber; self-healing rubber; antimicrobial rubber; shape memory rubber; piezoelectric rubber for robot application;

dielectric elastomers for power generation applications; magnetorheological rubber and progress in smart rubbers
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(Rheology in Rubber Processing)
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Introduction and definition of rheology; shear properties; extensional properties and measurement; viscoelasticity; capillary
rheometer; cone and plate theometer; parallel plate rheometer, torque rheometer; rheological measurement utilizing optical properties; rheology

of rubber mixing; extrusion and injection molding of rubbers
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(Physical Properties of Rubber)
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General physical properties of rubber; energy and entropy changes on during deformation; strain induced
crystallization; elasticity of molecular network; deformation theory; rubber elasticity; dynamic properties of rubber;
coefficient of thermal expansion; heat capacity and thermal conductivity of rubber materials; glass transition of rubber
materials; rubber-solvent interaction; solubility parameters; swelling of rubber networks; electrical and magnetic properties;
rubber's response to heat and radiation; surface and interfacial properties; permeability of gas and vapor; acoustic properties

of rubber
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(Rubber Products and Mold Design)
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Principles engineering and computer software to design rubber products and molds; design, selection of rubber
materials, additives for rubber product processing and production techniques to obtain appropriate rubber product; 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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(Modern Rubber Product Technology)
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Modern technology in product production from natural and synthetic rubbers; selection of rubber materials;
additives and production process of rubber goods, tyres, inner tyres, V-belt, conveyor belt, footwear, hose, cable, rubber to
metal bonding, rubber covered rollers, gasket, rubber parts, rubber in construction, pressure sensitive adhesive tape, rubber

sport goods, latex product including test methods in rubber industry and recycling of wastes from rubbers production
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(Circular Rubber Technology)
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Devulcanization techniques: thermal devulcanization, mechanical devulcanization, ultrasonic devulcanization,
microwave devulcanization, microbiological devulcanization, chemicals used in devulcanization; characterization of

devulcanised rubber; production of crumb rubber; products made from rubber crumb and recycled rubber
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(Biopolymer and Bio-filler)

mmwmauazﬂizzm/lﬁumwaﬁmaﬁ(uazmiLﬁu%amw ﬂ’Nllfofjllﬁugi&’ﬁi?ﬁiﬂiﬂﬁ?ﬁuﬁ&’ﬁﬂﬂ/a
m3szgnd IFnunedwesazasduaudinim madesaaemsiimuuazminagey

Definition and types of bio-polymer and bio-filler; relationship between structure and properties; biopolymer

and bio-filler applications; biodegradation and testing
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(Net Zero Greenhouse Gas Emissions in Rubber Industry)
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Principle, policy, meaning and concepts of net zero greenhouse gas emissions; carbon neutrality; calculation of

carbon footprint; calculation of carbon credit; greenhouse gas reduction activities in rubber industry
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(SKkills of Rubber Entrepreneurship)
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Entrepreneurial characteristic; entrepreneurial Ideas; innovation and opportunities; business plan; enterprise
initiation process; alternative evaluating for new business; new enterprise entry; operation planning; risk management;
applying entrepreneurial concepts and proposing solutions to improve operational efficiency: examples of successful rubber

entrepreneurs
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(Artificial Intelligence of Things)
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Concepts and techniques in research of artificial intelligence; knowledge representation and inference; artificial
intelligent models; deep knowledge learning; neural networks; fuzzy sets theory and fuzzy system; evolutionary algorithm;

swarm intelligence; its applications; case studies in rubber industry
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(Seminar 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; with at least 2

research articles
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(Seminar IT)
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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; with at least 3

research articles
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(Seminar III)
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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; with at least 3

research articles; presentation in English
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(Seminar IV)
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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; focus on topics

related to thesis and presentation in English
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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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(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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(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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(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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