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Module of Advanced Rubber Technology
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Advanced Rubber Instrumental Analysis
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Data Science for Rubber Industry
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Rubber Blends for Engineering Applications
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Degradation and Stabilization of Rubber
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(Module of Advanced Rubber Technology)
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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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927-502 M3Anzrenaaglinsesiovuga 3((2)-3-4)
(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; statistical analysis of results
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(Data Science for Rubber Industry)
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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
927-504  3uTEVITIFY 1((1)-0-2)

(Research Methodology)
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Principles in research; literature review; research topic identification; research and experimental design

and method; application of statistics for research; data analysis; writing research proposal

927-511 NTNTIHSVNUINING TN 2((2)-0-4)
(Rubber Blends for Engineering Applications)
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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

927-512 MaFannzditazmaaaudsmaniivosens 3((2)-3-4)

(Synthesis and Chemical Modification of Rubber)
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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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(Degradation and Stabilization of Rubber)
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Thermal degradation; oxidation; photochemical reaction and mechanical degradation; chain scission
reaction; transfer reaction; autoxidation; mechanisms of prevention reaction; development of heat and light stabilizers;

antioxidants and antiozonants for rubbers; aging; biodegradation; life expectancy of rubber products

927-514 gnapalszneumnly 3((3)-0-6)

(Rubber Nanocomposites)
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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

927-515 malulagnnazmsanna 3((3)-0-6)
(Adhesive and Adhesion 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; metal substrate preparation; pre-
treatment of rubber; rubber to metal bonding; strength for adhesion test; adhesive preparation, application and use;
solvent-borne adhesion systems; waterborne adhesion systems; primers; adhesion of rubber to metal, failures in rubber

adhesion to substrates
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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

927-517 QY NVINIE 3((3)-0-6)
(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

927-518 wivenimymadInenmansnazmalulagena 2((2)-0-4)
(Special Topics in Rubber Science and Technology)
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Special current interesting topics in rubber science and technology that are not included in the curriculum

927-522 malulagnansumnensasiolvii 2((2)-0-4)
(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

927-531 maluladenariinay 2((2)-0-4)

(Circular Rubber Technology)

a A o o a o Y 9 A o J a S o o @

LﬂﬂuﬂﬂWiﬂ’JﬁﬂTVlucﬁ msmam‘lummﬂmmsau ﬂ1ﬁﬂ’f]ﬁﬂ1]lu°]ﬂ"h'\1ﬂﬁ ﬂTﬁﬂ'Jﬁﬂflu"]ﬂL’U’UﬂﬁGﬁWI“ﬂ
a S o s Y a v 4 S a A A o d o S o
UN ﬂ15ﬂ’3ﬁﬂ111uclfﬂ’)ﬂhliliﬂﬂ’)w mimam"lmmnsgmnmm mﬁ!,mmﬂl%’“lumsmam"lum ANHUSVDIYNAIAAN

4 a o d a o I8 o 4 = a

"lucv NITHANYWNATUD Nﬁ@]ﬂmm%?ﬂﬂ%ﬂﬂiﬂﬂl!ﬁgﬂ%ﬁ“lclﬂ,ﬂﬂ

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

biopolymer and bio-filler applications; biodegradation and testing

927-533 maluladvezvdegudlugaanvnnssuena 2((2)-0-4)
(Zero Waste Technology in Rubber Industry)
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Process and systematically management methods from rubber industrial waste; industrial waste utilization

in bioenergy; product designs; the idea of adding value from rubber industrial waste

927-534 szuumsdamsilgnadisaalfienamnsiediadadiu 2((2)-0-4)
(Management Systems of Sustainable Rubberwood Plantation)
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Principle, policy, meaning, process, methods, and concepts of rubberwood plantation according to the

guidelines of Forest Stewardship Council (FSC)
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(Skills 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

927-542 mss’%wj’jmmm’%m 3((2)-3-4)
(Machine Learning)
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Overview of machine learning; necessary steps to build machine learning models; supervised and

unsupervised learning; decision algorithms; classification; clustering; co-occurrence analysis, performance valuation;

cost-benefit; case studies
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(Internet of Things Technology for Rubber Industry)

a a s < 2 A a s < 2

HUINAUDIDUINDIIUAVUDITTTNAY FCUUUNIAVDIDUINDIIUAUDIATINA ﬁﬂ'lﬂﬂﬂﬂiill"ll@ﬁ
a P 2 a a s 2 A A o a s < 2
DUINDILUAVDIFT TN mﬂTuTaammaummmmmaﬁwm mimuaclumswmmﬂummmﬂ VOIFATINEI NIT
a o a s 2 2 a s 2 2 o < o
amsww%gmmaumaimmmﬁﬁw’m llW]ii'Iuﬂl’f]ﬁﬂulﬂ’f]iluﬁﬂlﬂﬂﬁii“lﬁlﬁﬁ izumﬂmmmnumﬂaaﬂmmm
a ] 2 o A 9 ' Jd (o ua
DUINDILUAVDITTINA “HaﬂﬂﬁL‘]JEN@'I“L!"UENﬂﬁ1Ji31J’]aNaLL‘]J’]JﬂQ1JL3JGJJLm$Lﬂﬂ% 1J;]mmimﬂﬂmﬂsmmziwu

Y a s < 2 /9 Ya s < 2 v a

ﬁllﬂ\iﬂﬁﬂ\i@]ﬁﬂlﬂﬂﬂulﬂﬂiluﬁﬂlﬂﬁﬁiiw’GN fﬂi‘ﬂ§$Qﬂ§]1‘ﬁﬂulﬂﬂiluﬁﬂlﬂﬁﬁiiwﬁﬁiuq%ﬁ?ﬂﬂiiﬂﬂ?ﬂﬂ%ﬂiﬂﬁi

~ K
NIUANHN

Internet of Things (IoTs) concept; [oTs ecosystem; IoTs architecture; IoTs technology; IoTs developing
tools; [oTs data analytics; [oTs standard; IoTs security; introduction to cloud and edge computing; practice about

programming and embedded system for [oTs; IoTs applications for smart rubber industry; case studies
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(Seminar in Rubber Technology I)
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Literature survey and presentation of current topics in science, technology and rubber and polymer
industry based on individual interest other or topics relevant to theses via the literature sources: journal articles with

approval of advisors; attendance and participation in the discussion of the seminar
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(Seminar in Rubber Technology IT)
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Literature survey and English presentation of current topics in science, technology and rubber and polymer
industry based on individual interest other or topics relevant to theses via the literature sources: journal review with

approval of advisors; attendance and participation in the discussion of the seminar
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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; or orther fields that are integrated with or respond to

science, technology, and the rubber or polymer industry under the supervision of advisors
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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; or orther fields that are integrated with or respond to

science, technology, and the rubber or polymer industry under the supervision of advisors



A ¢ o [ LY
sereensdlszdimangasszavliyanin

a d
ﬂm%?‘ﬂﬂ]ﬂ1ﬁﬂ§!!ﬁ$!ﬂﬂiﬂiﬁ§@ﬂﬁ'”l‘lf'iﬂ‘iﬁ»l

nangasImenmaasumtiadia a1v3suna lulagens

VI mnaind O maauny

Mudngasind O wdngeasumnnd O wdngasmunsangy

L wangas Tl WA ... M vidngasil§urgs wat. 2567

1.

2.

FOIMNAATINGG A .!ﬁﬁiy’ WIALATIA Ph.D. (Polymer Rheology and Processing), University of Bradford, England, 2540
599PNANIIIE AT.ITTUTAN L%ﬂﬁ%ﬂ&’ﬁuﬁ’ Ph.D. (Chemistry and Physico-Chemistry of Polymer), Universite du
Maine, France, 2555 /13.0. (naTuTagwoawe?), 1. asvauniuns, 2555
J v Ao J = a J a 4

TOIFNTNTI19Y AT.ANATAU WHIYND 15.9. (mﬂiuiaﬂwammi), Y. AIVUATUNT, 2555
Ej: 8PN AAT10156 ﬂ‘i.ﬂmﬁﬁﬁ aundu Ph.D. (Biotechnology and Microbiology), Montpellier Sup Agro, France,

a 4 =) a J a s
2553/ ﬂﬁ.ﬂ. (’mmﬁmmuagmﬂTuTaﬂwaamaﬁ), Y. UATUATUNT, 2553
Ej: fUAANITITE AT ﬁty aja 1AARY Ph.D. (Wood Biology and Wood Technology), Georg-August University of
Goettingen, Germany, 2553
lﬁ} FEFNANTINTE ﬂi.qﬁ?ﬂ qqﬂa Ph.D. (Chemical Engineering), Universite de Montpellier II, France, 2555
Ej: ANANTINTE ﬂi.i:f?ﬁlﬂ‘hlﬂj 3qum Ph.D. (Chemical Engineering), Universite de Montpellier II, France, 2549
Ej“]hfjﬂiﬁﬁ 319156 A5.990502 lyavu ‘f‘; Ph.D. (Natural Resource Ecology & Management) (Forest Resources),
Oklahoma State University, USA, 2560

4 v A s

Pj.} 8FAANT19136 AT.L0NTHT 9WUANI YA Ph.D. (Chemistry and Physico-Chemistry of Polymer), Universite

a9 0]

du Maine, France, 2554

s A o @ ~ a s a s
10. A7.UIIAN IBOIVYSNUD ﬂi.ﬂ. (L‘VIﬂTHTafJW'E]ﬁ!iJﬂi), . AIVANUATUNT, 2565



v d [ [ ¢ a d A o a
WﬁﬁWﬁﬂﬁ!‘%UHsiZﬂU‘ﬂﬁﬂgﬂi (PLOs) naqﬂﬁ/ﬁmmau !!ﬁ%ﬂﬁq‘ﬂﬁ/)gﬂ”li)ﬂ!!ﬁ%ﬂ]iﬂi%!uuﬂﬁ

wadnEmsBeuiszaunangns

(PLOs)

nagns / IEmsaeu

Jd A (Y] a
pagns / IEMsanazmsdsziivma

PLOI AR5 1gianuiauinemans
wazmaluladela tesoniyy
AuANUAYWAIAMAINHAAS N

aa'ld

1) FanszuIUMIiToumsaaunniy
=\ o
msisousTagldgiulanddymninn
anuilsznoums vie landdlaymnlu
4 @ =1
aounsai gy TumsFouns
aounarmMInITe Tasniundnns
a2 o a ua
nanguuazlizgnanial §iia Tag
nuaemslasuulasmanalulagh
B )
NIV
2) 9ANTLUIUMITISOUMITTOUNH N
NAHZNITNITOONULY AIUANLAY
o a Y] I
WANAUMWHANA N
3) IAVTTNABIININGINTNIIUDN
Wlanumeimaywiellsyaunsal
Tugaemnssnen

Hvaldinisduniinazdnuyn

'
aw a4 9 (4

a a 4

HAIIUIVENINIIVOINUINGIUNUT

Y '
syunemsduaueuazuanlasu

a <3 @ 1
anuaaunulungu
5)ANTLUIUMNITITIUNITAOUN
a 4 Y Y a I'd
WATITHANNIAUINGIMIFATUDE

maTuTagers MuUMITINeHnus

1) MINATDUIDY NTTOUNAINNIA
Gounazilareninizou ﬁ’qmﬂﬂqya
wazmnifiia

2) MU ATUBHANTULAZNTINTIBNU
3) mans st ou

4) myaev InseiaIneinug

5 N15H1INeHNUTUaTNIT A

v Aa a 4
foatuInetinug

A ] A A
PLO2taonldinTeailamnig
a o =) d'
Inermaasuazing luladels e
uilszl naaeu nagdnsizeonald

9619YNADY

o ~ A v
1) 3n32UIUMIFTEUMIAOUNIIY
A Y o =3 o Y
MIGBEUIHANMS wagininyzns 19
4 A a s
N30l NIINeIAITATIAL
maluTladers ounilsgyl nadou
a 4 4
uazinszes1d
o = Yq Y o K
2) JamsFeu IMinAnyIa1N150
A y A A a ¢
wenldiasesllonaInemansuag
maluTladers onlsgyl nadou

a N Y v Y
Llagjlﬂi']gwllﬂaﬂ']\igﬂﬂﬂ\uﬁn']%ﬁll

1) NSNAFOVEDY NSABUNAIIAIN
v
Feunazlaremaizey Namangug
wazmnaifiia
2) MU AFUONAIULALNITNITIONY
= 1 gIJ =

3) msdaiusnluruisou

1 a Aa 4
4) M3eouIATITIIMNNUNUT
5)MSIIINeINUTuazNITa0 U

v a a 4
foatuanetinug

PLO3 ldma TuTadensaumalunis
a s o D) A v
INsITRUAzMIIAMI Yoy 1o 1F
1uN159AN15NTZUIUNITHAN AL

a o 4
AIUANAUNNAAANDUN

o ~ A 9

1) anszuaumsiGeumsdeuiniy

msizouduazlfiansldmaTulad
A Y A 4

asaumalumsdudu Insizd uaz

Tanstoya MBAIUAUNTZUIUNTS

a a [ 4
HaALASAUNTNHAANUN

1) NMSNAABVEDY NITABUNAINNIA
= = g‘/ =S
Founazilateniaizen NImANguY
TERRGHBHIE)

2) MU AT UONAIULASNITITIONY

“t 2
3) msiaIuswlugsuizou




wadnEmsBeuiszaunangns

(PLOs)

nagns / IEmsaeu

¢ a o a
NAgNS / IEmsianazmsdszdivma

2) aliimsldmaTuTadansaume
Gl,umﬁ‘imﬂzﬁuazms%”@mﬁi'ay,a‘ﬁ
Fordeasuinerfinug saunaiims
Vauenazianasuaudafiui

Tungu

4) Myaou 1T 1M TINuT
o A a I
5) NMSHINeIUnusLaznIsaey

Hoanuaneiinus

o < =
PLO4 udn100nd4n13ianniluiiy
o ' v g Y o
mamauswnugon lugiediuaz
AaunazadusuAayeuluaiui

1&5uneunne

1) faRanssuMs B eumsaouiiniy
MIMUNGN

2) dgndalfindnulisziiouiive
A33A0a1 nazfUAAreUAB A

Tasuveume

1) M3asedenalvedinanuilums
Y 3’4 =3 [ A Yo
WU Geu uaznisasanuilasy

VOUNNY

2y wpanssulumsiinungy uay

q
[

¥ A Y aa Yo
mmauwﬂ%@ualuwumw'lmu
UouuY
3) FUNANHANTTUMTITOULAZMIT

Inennus

PLOS LIE#A990ND4NITHIIOTITUNI

215

o
1) 8191580 UADAUNTNAMTTTY
3UFITUNIVING
2) TANINTIUMSITBUNTADUNIT Y
msiSeuivinaniunisaios waznsdl
o ' ] Y q v = a
aleg1ansounaliindnyienilsie
£% A
ruonuzuuIn1amInd lulywin
a 2 s ¥ A v
mavuluaaiunisaldug e 14
A0ANRDINUAMTITUIIOTITULAL

FTANUTTUIMN TN

a Y o
1) wqmniiu“luwwﬂu

o o a a 4
2) MIMANVUWALINGIUNUD

PLO6 A0@15HAIUNIIIFINITAY
k2 ' Y [
murlIneldedregndesniundan

%15

v
a = a

1) dananssumsiseunsdounniu

WdGouldilninyznisdeans
9

SEUINYAAININMIYA MINULAZNS

= v Y ' Yy
Lﬁllﬂusluﬂijllmiﬂu TICNINALTYULLAS

U U
o

Y YA A Y A
Aaou nazningIdesous
[ o =3 Sldl 1 a
2) nlszaumsaimsGeuinauasyly
o o o
3) dalszaumsa Indiseuiuane
wanrulasldmaluladasaums
nIAtiamans Lz ana
Hlalomaliuaaieonldodis
[ 3 v Aa o
wvrzaunumsiuinivenay
Ummnmsaumsauenaa lusedn
dunn wielumsiszuinmsan g

g @ a ay g
YNIZAUB LS HIUTIBIN Vlﬂ

1) MIUNTUOHANUITING

2) IBNUINNHNUT AL NTA3IVY
NNIVINS
Hnsduauslagldmalulad
AIAUNA

s anuawisalumsldinyznig
adinmansuazanaiioasueanlse
waa Idedramunz ey

5) mﬂﬁﬂﬂ1§%lﬂ§1$ﬁﬂ’l}f)yaﬁ1iﬁu!ﬂﬂ
neasiamans lunsuddynuds

Anav







