nangnsuivy e Undin
g2 A lulagnaaiuas

nangnsuTuUse w.A. 2563

g2 malulaggnwasnaaiuas
AMEINYIA1EnsILaswALlUlaY LazugAnINgNay

UNIINY1FYEIVATIUATUNS INgVaUnNIT



NN

NN

NN

=p

=p

=p

10)
11)
12)

GUETY

tayaiialy

sauazdondngns

FouSeyawavanu i

Avnen (Gnd)

SruumheinfiSounaoandngns

JURUUTDINANENT
a0uNINTBIMANgR AT TNeUITR/Auveundngns
anumFeslumsieunsndngnsiinunmuaznsgu

o1 ¥witanansaUseneuldvdsduianisdnu

Fo uinana wuUszdmTasUszrIvu dumis uazanndnIsAnuves

¢ Y a [

91U IUNAYBUNANG AT

A0UNIANISISBUNSADY

amumaaﬁm8uaﬂw‘%amiﬁwmﬁﬁﬂL‘T]ué’aqﬁwmﬂmimﬂumi’mLwaé’ﬂgm

v
=1

HANIENUIIN U8 11 m’amsﬁ’@umwé’ﬂqmi/ﬂszmumsﬁ’mm/ﬂ%’wqwé’ﬂqmﬂuﬂ%ﬂu
wazAnaAEtosiuiusAavesanty
Awdtus (@al) Auvmdngesduiinaeulunms/nedvduvesaniiu
Yoy aaNIZURINANEAS
U1 anudfey warTngUuszasdAvemanans

wNUARINUTUUS

LUUMIIANTTANET N13ANTUNTS uazlaseadnevamangns
JEUUNTIANITANY
MIANTUNITUANE RS
VaNgnILare1R138Kaou
psAUsznoURIfUUszAUNsalnAauL (Msiinnu videanRa@nu) (i)
Formuaneafiumevhlasanunienuide

HaN13Eeus nagnsn1TaauLazNISUsENUNE
MR YL iAYYeItindny
NMALIRANSSEUSIULAREAY
A TaremadnnsisuSidoautinisfine
LUTILERININTEEANUTURATOUINASHIUNANS B LI NVANGNTEI T

(Curriculum Mapping)

(1)

W NN

10

12
12
15
38
38

41

43

ar

ar



NUINN 6

UUINN 7

=D.
(o0}

NN

AANUIN N
n-1

n-2

ANMANUIN U
-1

-2

a5y (si9)

naninaailunsUszlivnainfnen
ngsuilsunsenaninamlunisivssauazwuy (nse)
NILUIUMIYUADUNATT UGN VYR NNy
nuNNIENSINSANINUNENERS
N13gNEsaivetindnyl

NNSHAUIAMIR1TY
nswiseuN1sdmuen sl
nsimALSkasTinweIiliAaNaNse
n1sUsEAUAMAUANEAS

NM3AAUNINTFIU

Unudin

UnAnw

ANIA15E

VANgNs N13ISEUNSaRU NsUSEIUISE
AvenfuayunsBeus

v snanisAduau (Key Performance Indicators)
n1sUsziliu wazusudseamsaliunisvasviangns
M3UseLlluUsEANSNaTRINITHeUY
nsUsEdiuvananslunIns iy
M3UTEURNANIANTLUALTEAZIBAEaNgRNT

MINUNMIUNAN TUTEIULAE N URUUTUU I ngns

MIUTEUTBUANLLANFANTEIvEngasiaNiunangnsuul e

[

msalSeuiisuanufniiusasdelauauusvasnsnandiiu

9

N3ATIUNTVRESURR YR UNANENS

ANITNUABUUAZHANIUMNININITVDID1158 U MENENS

NNTENUADULATNANUNINIFINITVBID19150UTEIN

(2)

55
55
56
56

57
57

58
61
61
62
63
63
66

67

67

67

67

69

94

103
126



(3)

#1508y (si0)

309 i
AIANUIN A
A-1 NI5ALHUNIIRINLUINIG Outcome-Based Education (OBE) 127
-2 n13.lu Socially Engaged Program 283udngns 162

A-3 $EarUaInTEUIUNITIANTSISUSvRILar eIV luNANgR sNae ioun133nnIs

ISEUSLUULTITN (active leaming) 164

A4 eaviBunvatlugaluvangns 168
ANAKUIN

4-1 Memorandum of Understanding (MOU) 170
ANANUIN 2

21 Fetsiuuminenduasaiuniung Mdensinuduladindne w.e. 2563 196

3-2 dundussiinugnssunsuiulsmanans wangnsusvyinuiudge

a1 luladnedues 211



nangasuTveurnugUndin
anvndvmalulagnadiues

nangnsuTuUTe w.e. 2563

Yosatugaudner  uvnInenduasaiuaIung

IgnuaUnns ALAINeAEnskazinalulad  Aredvmealuladenswasneales
o Py o
uni 1 ayanaly

1. sWauazPondngns
1.1 sviavangas  25450101110409
1.2 Yandngns
Al nangnsusuInulUndin anvdvinaluladnediues

ANYIDINGY: Doctor of Philosophy Program in Polymer Technology

2. YaUusguguuazav1iIvn

)}

Fouiu (no): Uy ufiUnudin (naluladnediues)

Foga (Ine): U1.a. (waluladwediues)

Faufiu (93ngw): Doctor of Philosophy (Polymer Technology)
Fodo (§angw): Ph.D. (Polymer Technology)

3. Jynen luf

4. SuniENaNiTeunaAnangns

(9

WUU 1.1 wag 2.1 AU

o

WSansAnmnseRuUsgin liteendn 48 wiiiein

(9

WUU 1.2 Way 2.2 AU

o a

il
Y
AdsansfinwiseaudSyaes Lidesndn 72 widiefn

5. JULUUVBINANEAS
5.1 guwuu
M nangnsUIyayLen
WUU 1.1 wag 2.1 nangns 3 ¥

WUU 1.2 Wag 2.2 nangns 4 U

5.2 nMeiild

M wéngnsdansAnuidunwilneuazawndingy

5.3 N155ULANE

M sunsindnwlneuasiin@neisnsni



5.4 aAnudamiefuaniiudy
M \Sundngnsiilasuamsuileativayuainantudu
B Joanu

- Department of Organic and Polymer Materials Chemistry, Tokyo University of
Agriculture and Technology, Tokyo, Japan

- Shizuoka University, Tokyo Office, Campus Innovation Center Tokyo, Tokyo,
Japan

- Chinese Agricultural Ministry Key Laboratory of Natural Rubber Processing,
Agricultural Product Processing Research Institute at Chinese Academy of
Tropical Agricultural Sciences,Zhanjiang, China

- Faculty of Engineering and Computer Science, University of Applied Sciences
Osnabrick, Osnabrick, Germany

o jULuuresANuTuilsatuayy wingns/anTuatuayulvdn@nwiluvin‘ide

M \dundngnssiufvaniudu 1wy vdngmsiitimsliuiaauuu Join degree 1138 Double degree
o) Foanthi...... University of Twente................ Ussnd.......... the Netherlands.................
o SULUUYRINNTIM
L] saufleru Tnsanndus Wudlad3yan
[ sawiferu Tneandun Ju WudlviTaan
M saudleriu TnedAnuladsuusyananassantu (v3eunnii 2 dandy)

5.5 m3livsgeyuiddniansineg
M W3yaitesanvuiivifien

M Wsaysunnndn 1 @awnien wwisudngassaufvantudumuiissylilude 5.4 wiean1tudug

=

Pagdianusiuilolusnwauginednuluauias

6. FOUNTNVBIVIANGATUAZNITNANTANBYIR/ ATiuvaunangns

angasusyInulUndn anundymalulagnediues nanansuIuuse w.a. 2563

M Suldundaudd wa. 2506

M wéngasufuuss = dmundeaeuieu nsnging w.e. 2563
USulsananuangasusugnuldadin avivivalulagnedwes
nangnsuTuUTe w.A. 2558

M 1#5ueuiti/dureundngrsinamenssumsuleueinms luasmuszgunaiad

13(4/2563) dlotuil 10 \ieu  wwneu w2563



M 155veuti/fureundngnsannaniuminerdes luasussyunsed 414.(4/2563).

1

a

dlotuil_16._ e N WAIAN WA 2563 .

7. AunFaulunSHEUNSUANGATAMNTNULAZIIATIIU

NANgNI AT UNSHELNIVENENTTILANATNLALNINTTIUAINNTOULIRTFIUALNA TEAUDANAN BIWNIYIR

9

w./.2552 Tudns@nwn 2565

8. 213dnNaursausznaulanasdsan1sAnen

1) 9191385aeu Aumalulagnedwesvisydluumiinedy

1%
av o

o i

ndpe1dn Mmuwmalulagnediuesnioss niluantugauAnwiwasantuidensluniasuasionvy

[

N

(%

)
)
3) dnimnsssuiians dumalulainedwesviessluantuidedunassuas matenyu
)
)
)

N

yAaNssERuUIMslunageannssusunalulagnediuesvsesns

A= v v = a ¢
WUiﬂUWIWLLﬂaﬂ'}UUigﬂaUﬂqﬁﬂ’]ULWﬂIUIaﬂwaaLllai‘ﬂi@s]']\i

N U

AUszneunsmuwmalulagnediuesvsosns



¥o wnana taruszan

LYY

AAUATUTEYIYY AUrUe uazAMAinag

=

6 Yo

ANYIVDIDIAIIUNIUN

v

a

AYBUNANGAT

A | evUszdade | dumis Ha-sina AU aain1sAnuidISamsAnenlundassedu
Uszanau N1 msAnwn | Ydidusa %o #1913 Hosndu
YIN13 nsAne | wangns
1| x000e0000¢ | W, WTRleBngi USgyeyen | 2556 Ph.D. Elastomer Technology University of Twente,
XX-X SRIe4E] and Engineering The Netherlands
Useygln | 2548 M., wialulagwediues
USeyges | 2543 .. wialulagens 3. 89AUATUNT
3. E9AUATUNS
2| XXX | AL UBFUIIU Usgygyien | 2557 Ph.D. Innovative Materials University Claude Bernard Lyon 1,
XXX GRLSH France
USeygien | 2557 Us.0. wialulagwodlues 3. E9AUATUNS
USeues | 2551 M. wialuladens (Reshtlon | wasvaiuAIuns
JUAU 1)
3| Xexxxx000c- | AL WA.NIIUNS Usgygten | 2545 Ph.D. Polymer Science and University of Leeds, UK.
XX-X anngls Technology
Usggaln | 2541 M.Sc. Polymer Science and University of Manchester, UK.
Technology
USqyeyws | 2537 M. wialuladiens 3. E9AUATUNS
4| X000 | WL U800 Usgugywen | 2544 Ph.D. Polymer Engineering University of Sheffield, UK.
XXX TarauIuun USqyeyws | 2536 M. 1Pl 1. ANVATUATUNS
5| X000:0000¢- | B w.a.oluin USeygen | 2550 Us.0. wialulagwedlues 3. E9TAUATUNS
XXX SRoTINeA USyeyws | 2545 MU wAlulag Tan s 3. ANVANUATUNS




10. d01UNIANISITBUNSFDU

M Tuaoufidsmminendvamaruaiuns nsnaeideni auzinemansuazinalulad

11. gaunisalaeuanwiantsiaunindudesihunfiarsanlunisnuwuvangns

a

11.1 #07UNISAINIBNITNRIUINIATEFN

@9

S o &

Uszwalngludagtumansndasedugramnssuiifsrdesiumaluladesuwaswediu ostudadu
wuifumaluladmswdnmaindnsUszmadudmlngliiasdugnavnssueisde gnavnssugeiionns
goavnssuTuduIneud grainnssuinaiailiue wiigramssndindnazdyadmaasugiags uwid
olainnsthegiunsnanyEelfinguimnenisuanin yarmaaseghafasianansenuviudl denuindu
anagaavnsadlnglinnudrdnlutewssmsamumsidouasimuinelussdng iielmannisaisassd
nansalmiviomaliladlnilunisndndeudinalos fuiudeliaonsuiuanseluunuianiasugiawazdng
wisyRatudl 12 (w.a. 2560-2564) FuduunundnvesnisiauiUszma uazidivuieniswauniidedy
(Sustainable Development Goals: SDGs) sawvien1sUsulassadrsussmalngluglunaszinelng 4.0 Al
auddyfudszdudad (1) mafwuiuinnssuuasnsiiuldfuedou vlhasdduaddiyasiiumg
\Wisgna (2) Myduaiuiavaiuayun1ideuazimumadngremans weluladuazuinnssy dudilugaiu
Lﬂué’aa‘%azimﬂ%mﬂiuiaﬁ%y’uqq warNIsisIaIwarauIyaaInTITeluaivy STEM (Science, Technology,
Engineering, and Mathematics) (3) n15in3sundouduniidenulddinueiiaonndastuaiiudeoanisly
pataLssuLainuefisduden1sisedinlunnisseil 21 tazmsmisunnuniouvesiidenudiu
Inegmansuazmaluladioziwasuuvaslanlusuian (@) msviulasiaiienisndnuaznisaiialenianis
wiswgiadonisltimaluladidowasiaun siwadisdsnugusenaunislifinuenisigsiafituienis
Wasuulawounalulad sguiuldinfiamsnmsiamunysemdlnonausudinanesedoidsauiifiosdaug
TussduidermymaduingimansuagmealuladindiofauUssme woshdseutudosansodesonaug
THiAannsadeassdosdnnuilminazuinnssuiiluganududaniosiefniguisdas sl siau
\AsygiavesUszinadadu

Sofinnsunidesmasnsimuniiuiineusuiiidnennuasiufiesvgialnd Ao sudoansugha
ngfuoen (Easter Economic Corridor, EEC) Wiesassunisvensimaasugianazduindouiasugiadngnis
Wudsemaneligdusmangaanuszmaisifudnsgldumnals (Middle income trap) Tagifunnswaun

Aa o

gna1vnssailanuny (Scurve) 10 @navnssu lungugnaivinssaaunldnenan (First S-curve) kay
gnaTnIINBuIAN (New S-curve) Hu geavnssuetsni i 1 lu 10 ndugnavnssndndisidnenin dq
wandlifiuinissaniseunsiumeluladwodiues Afunisimunaluladens tilemeuauasrognanns
19151 Ssmaflanudndufuanudesnsianasygiavesszime uaziflelvignavnssugnsvesUszimalng
fuannsofazairayarifiumaaseginldlunngdineutdiugs anonudiesesiudgnsdugnainnssy
ounAn ndngasuivanguitudin avdvimeluladwedues fuiumsiumaluladens Sslduuugmangns
Tinouausseuloursmsfauysemaegadadu sonuuuseivjadummdniusiafifinududsmieing
Wounzimun Sanudlndfisesiuiianisnisisuuvadlanouanuasaudusaadeslngldmaluladdugs
1dun Yageuagnedwesiduinsfudanndon weluladmsladass nedlweiduaies weduwefaussouy

ae wmalulagiannedwasmenisunmg uasnediwainuly



11.2 #07UN15IN3INN TR IANLAZ TG TN
LU UILAsYgAaLaT RN e Batuil 12 (e, 2560-2564) szyliinaniunisaldiudeny
melulszmelne Ao Fosmesamuwisusfisoglunusiguasiuuliufiandunniu lessadasssnadn
désangaisegradndilul 2564 uazlgmmineinssssuvfideningy vaziaaiunisalfudsaunisuen
Uszimaidnansznuiutsemalne Ao nadrgdanugaivvedlan uaznsidoulvavesnszuainmusssuland
naunAuAUnsELaTaus Tty Seamgiisemalngldannsofmuilifnludaildduinan sae
anngieiu litnsduusedniamusanud Ysgdnsamniadgin lnssadeiuguldifsane nsld

U

wialuladuazAdsan NMsamuideuasimuites waziafosnInmieanisidlies gnsmansnIsnmuIUsemeny

a

uwuiauLATsgRauardsnuuis Aatufl 12 AReadesfufudsausmunly 2 Fos Ao (1) gnseaninis
idnauasTaLdn Y uIged way (2) gismanimsaiisanuussaiuarananuimiendiludny
ioneuaussiognsamanilunisimudanvesszna Mavdngnsuivainuivadin av3v
walulaBwoduwes Fvldusudsmdngmslasieisunumvssmminededaduaniutunisinyituives
Uszmeaflazfosiamndnenmauliivinuganud uaranuaimnsalunisdisedinediefinun wazenseeiu
AuAMMsANYILarNISeuinaeadin Tneyatunsiauiguivuasidufihnisiuivnsluasiion
walulagnedimes Mumenumaluladens Insuiuuseneiniiuats Tsesduiunsiwasuulaves

walulaglan nsasreirdenuseivganaiunsaidsuazsimuinieaiumaluladens ursesfuniswaun

a

goavnssug e semalneliduuds venanddujnihiezasadudinfisveenluiivnue
Sududensmasdinluanised 21 lurusndferfudesfiuiineldneudddasiane 3 Smfameuwnild as
wuiUsernsioiFeuralenmanisidiifinsmednvidesnandgmeanueinausasdamenuiunseuny
1 nsfivéngnsthefislendlifidouly 3 Smfasoumiliddoslomaudlisléimsfnulussduiigetu See
ihluganuduudssziuaiaiZou uastsanaruviendmsdsaslussduUsemanely Snsenamndaduiia
inwnsdAgyveaniald nsAnunlundngnsiamouaussie nseuunugaNAnIsTEzeN 15 U atufl 2 (e,
2551-2565) fitiumswanngaudnuluniasvgiafiavanzio 3 Sminmouauniels lunsiamuelid

PNWENIOIVINTHALIV TN ADAAABINUAIUABINISVDIV BIDULALHIAL

12. nanszNuan U9 11 siamsﬁ’wmwé’nqm/n‘s::‘u'aumsﬁ@um/ll%’UU‘gwé’ngmﬂuﬂ%ﬁ wazAdaiEados
Auwusiavesaaiuy
12.1 msWamangastaznszuIun A/ USumangasidiunanisieus
miﬁ’mumwamiﬁauﬁﬁmwi’a (PLO, Programme expected Learning Outcome) luningnsdnyin
Jumuanuiesnsvesiiidnlddudsvemingns Inediidulddudeusznaulude 6 madm fe 1) fiEou
2) Awdiin 3) Jldaudin/Euseneumslugnavinssueua nediues naonIuanItunIsANYILALYYIBUIRY
#1199 4) 8137158 5) UM Inede-ane 6) A3y (ane.) (SneazBenvesiidiuladiudeuansl lunanuan a-1
i 127) Tneteyarnudesmsvesidnldduds (madwi 1-9) gnyusmsunsiuvuaeuauesulat
dudoyaniudesnisvesniafzitlide nanisdeuiva 5 Fruiignimuadisdrinaunmuenssunisnis

gauANY1 (OHEC’s Prescriptions) @nvngfadayaniufeInIsuasmInede-auy Mhanldae Idevial Wus
fia TuussINeAng uazdndnunl



7

[ £

maa&ammmaqmsﬁgwmﬁs’wifmlﬁ gmiwnfmuananisiousiaianiasinisnsaaey
Anuduiusuanisiieuiaaviuazanudesnisvosiidiulddiudesionisviranduiusled (Cross-
Correlation) faensadamsnnuduiuslasunuuoudunanisidouifiaanisismuatuuazunuiady
foyarmnudosnisvesildnlidudeimun fSuRnreundngnssidunmsmununanisSeusiaanisluud
avto Minmehuuvasumueseuladludsianlidudsmadind 1-5 Snads uasfiuinvoundngnsliiug
UftRvesmAnendeuas ane. lunsnumunansiFeudinaviafielfifudeyadessindussnnusiomis
voufidulddudoronadnsnisFousienanta (PLO) wagihuildlunisusuusmdngas dremnditudiaan
wangnsisgnaranisinasiinudnvussuiisuszasdfinoulandniny nageainnssy uavderuniunly
ADINITVDIAAZNIAEIU

NsAUIkarUSUUTImENgasltuuInImIensmansyIR 20 U (w.e. 2561- 2580) Wagwi Ui
isugRauardInuuianRatuil 12 (na. 2560- 2564) Taglvimnuddglunmsiannuasiaiuaiisdnenmyes
AL NMsadauaInIalunuteiy sasfainsldinisideuasiaumeiinermans melulabuazunnssy
Tumstuindougnsmansvesui ndngasusuyinuivadin auiivinaluladnedwes fidwmunelunsudn
yrans Uiy enifvinusuazamansadadnmsinumaluladnodiues lnogatumeluladenmns
Weaiuayunsifindneamusagunsanuarguelfiauaingramis auisnhesdanuiuazmalulad
woAwosMTlUysanmsiAumanfvdomaluladsudugld annsadenlosesdanuianaanguignisise
waziauleaiuinnssusunedweautugmn niilulslonidessdnsuazdsay snszduviadlayan
g1amssenslimelulad Aeuaviann Weahamaluladuaruinnssunsudaiiduiinsdedunndeuay
uarTandanstzaenndasiunudensuesnan arenutau Uil EEC uazmoununaldliddnenwie
sesfunsvenefImaAsusAanasfuinduasugiaingnndulsmaneligdusunan Weuszneuduns
yereMnarUsuasuiinnsnisnanvesnmagnavnssuesluussmalng Taglamzgnamnssuensifisitos
fugudueueus o1fit p19de p1eldsing Wudu nfieedugunsuanfiosedafisndasumeluladin
NNAUTEINA L’%MU%’ULUS*auLﬂugmmswﬁmﬁmu@ﬁumﬁ%’aLLazﬁwuwmﬂﬁu Fedanslsarnvdngnsusvan

s a

uitudin anvimeluladnedwes Awuluindnviusyaieniuiriiduynainsanairgnanvnssuens
(Fusafedagiufismiusn 6 au) Faduiusdiuandiduinnaismeluladorsaswodes Ineavdngns
USsgraufivaudio arvimaluladwedmed Aufudumealuladens Sanudrdglunisiazndayaainaiiie
Tuindeulsvina Ufthnuiilesessumaasyivinvesgramnssudmnedandugmamnssuduiiddnanin
(First S-curve) WazgnamnTsNouIAn (New S-curve) wagnananAdoiiioaamaluladuazuinnsslianunse
wdstufuuunedld snssfunnUssmaiinglduunmaiuussmaiingldgliaenndestugnsmansves

PIFUAL UL ATYFRIUAZH AL AATUT 12 (WA 2560- 2564) AenaItnesiu

12.2 AWRgIvesiUNUsAIvasanIy
WU INEAuavaIuasuns seeg 4 U (e, 2561-2565) lamvuansaunisaniiduanuluiuy
15 3 WWhwnefe Wivned 1 mafaumineinsuyed unsedadudin waznsianminensuyedniag
Fo) Wanunedl 2 meAdo/uianssufiaiagaswasiamuiuss wma wazidimuned 3 mafindseansainns
U3 iitelaenufumuinuiuvninetds msuiuusmdngnsuuginudtudin avmeluladwedues 1
Wrsneifieaistudedifiaussouranagnindunadesdan Tnswauvdngnsliaenndestundmansiud

neldnfigiuendnuazenannssuiedtuensnsludiuauinn [Wnside/uinnsslunsiiuyaren i sds



8
WJu First S-curve Tunqunisinensuazinalulad@anin (Agricultural and Biotechnology) fifinnusuduluns
faufielfAnanudstu lasldyeansifinnuansogauasnuifo/uimnssutugeiiannsnsnssduuasniig
selfansrmnaliiulsema dwafdennnirduiifetesmasnvsldamvessramnisn aamlouigias
wusAavesmIne duawauesunifyatiuliduuinedofouianssunasdiey Taududandnns
wazidunalamdnlumsimunasvgiondnvosnialiuazsema Wesloaddsaunaziaiotisaina a¥1equf
Tadindiflaussougmadnnisuazindn Jednd T3 Wiy Inarsrsaswasinueluanissed 21 aunse
Uszgndnnuiuuiiugiulsraunisaiannnsufoa masdayaainsiiumealuladwodiwesfigatiumelulas
g19157 Snnmanansaiiesdnrmduazimeluladwedmesluuszyndlifusmiumaluladfudugld amise
Bouloanuinnnanguinazufod ilugnsideiaun wasnsaiudanssuiidulsslovidessdnuas
Haau suviefinasssy 2305950 Godnduasdinatsisuy deanandosfuulovisuasusiaves
WM YAIAIUATUNS
mMsUfulsmdngasiimenegideyaiildanuuudmauas msdunualluussiuanuiinelase
ningns audnvarTudinfifieuszad uazdetausuugsng q annguiildmlddiudes 6 aadiu fie 1)
UnAnwn 2) Awdinn 3) glddmdin/gusznaunislugaavnssugnanaznodwes nasnauanitunsfnyiuay
mesATenag 4) 919156 5) uuvinende-any 6) 1asg (@ne.) LievanliUszneunisimunnanisiSeus
finAn3a (Programme expected Learning Outcome, PLO) Gafianuaenadasfuiderimiuaziusiaves
uyAnede fodl
qwsmaﬂ%ﬁ 1 msﬁ’@umw%'wmnsuuwé (Human Resource Development : HRD)
gvsAnanisend 1) mandatada dllidsvad dil
HRD1 Sadindanssaurseiuanagninfunadiodan lnonsianvdngasiitel
taudinanansaainsnsiasuuuas wazenuinvih fauaansalunsieans anansavhauldnnd
WIMeAIuNT wangesuTyanufUudia arvumalulagwediues senuuunangnsoguu
gIuvesHan1sFeudis 5 fu WenuanduianssualunasnsiamadounisaouiitiufiFoududfe dwa

1

dieliudinfidnsansfnunivinueiainueduanug (Hard Skills ) waeitnueduansual (Soft Skills)

HRD2 szuumsiFeunisasuiidnuasfusuuuunmseuslmiivarnvanouaySaveu

wIMeALTuNTg vdnansusvenul Tadin avunalulagnedwes In1sdaguuuuns
GouslifuinAnufameideuFouluwuns@nw wu 1.1 dmiugdnanmsanusziuuiyyinuasd
Uszaumsaimavihanluniagaaimnssy annsaviiidoiioinerinusnelilandidonasied esflogunsnives
anuuszneunslel lasflonansdiuinwidaduenansdusedmangns wazlidaunuainairgramnssudy
ﬁLEd;IEJGSLumi@LLa uaﬂmﬂﬁwﬁﬂqmﬂ ﬁﬂﬁﬂamimﬁaﬁumjﬁ%’aéfmmaLLazwaéLuaﬂumﬁmwé’a%u’uﬂﬁzﬁu
UINYIF D17LU Elastomer Technology and Engineering, University of Twente, Netherlands tag
Ing’enierie des Mat’eriaux Polyme’res (IMP), University Claude Bernard Lyon 1, France udu Tunsla

Usggensudleundnwmluvinidunelateulatazdenmuaniesliausuile

gNsAEnsh 2 N1533e/udanssunasnaanmMIuAsegiakazNmuIUsEna (Research and

¥
§ v A

Innovation Development : RID) fiUnUszasa fadl

RID1 YWa9UI8 WIRNTIH kagUSNISIVINIG f;jmﬂ?’fﬂaﬂmjﬁl,%ﬂwm%él,LazLﬁam'ﬁﬁwmﬂizlm



WWINALIuN1S ndnaasusyaqutadin avmealulagnedwes dviiteiduiive
a a ¢l = faw 1 a0 Y > a
Ingniinusiinanaagaavnssy dudulandidesmimhluguidymairgnamnssunasnisliuselovdluig
widlvd aaenauidedfeiiiunisasiesdanulmisuidugiuveansiauusewa Januideauensts
Jaduanuidenneulandavsaanivesuniverdeuasyseina naguuuun naangnsa andunisdeyae

a919ATeYNEANNTTBAUNIANMSANYILAEAIARAAIMINTINTULNBNAE

(gazBeaiiuiuieIiuaNLaenndewes PLOAdevimiLayiusiavesaadusglunianwin A-1 win 135)

13, mwﬁ'wﬁuéﬁ’wﬁngmﬁuﬁL?Jﬂaau“luﬂmz/mﬂ%%ﬂgumaaaaﬂﬁu
13.1 ngudvynedvlundngasiliiasoulasams/naiv/méngnsu
M 7
TRy Sadeaeulnetudinine ds s1uau 1 9163w fe
950-500 $+U8U3BN19398 (Research Methodology)

13.2 ngudvysednlunangnsiilagauliniaiv/vangnsdudauniFey

M i



10

unil 2 doyalanizvavangns

1. UYSwgyr anudAy wazinguisasAvamangns
1.1 YSugyn
vingnsUsvanuitadin anvdvimaluladnediued nanusvnnuidudniidufiuasifiana
A3 anansnthanufuaginvgsnumaluladensuaznedwesluysannisidifumansdulunisrosonssd
ANl adeesdauilvdvioassdatiauinnssy nasnautasufledgyilumanivesarviindniiie

Usslomisiomsimunasughanazdinuvesusemeale

1.2 ANUEAY/MANNITUAZIIANG

“gramns1” Huiiniasvgiavesussmalneisgualinnudidyuazussgeglungugnaivinssuiud
fifnenm (First S-curve) uaztdufiviisguransoudaaialu BCG Model isizannsonaulandinsugiagu
Fanmvide Bio-economy ¢ vty “wedlwes” AllmnuAsidesiusuuuimsugislmivesigurauay
nsimuuTiRiawnAng Tueon (EEC) iefinsanisnisduiufinluilagtiuresywdialan ansnauasned
woslfdluiiunumsemasiiudinedien YagersuarnediwesgninlUldkannanusiuszamee daud
wanfauriogaieildouiluauluisnumdmnssutugsiifyaduasanssnuideuandeniaiasugiauas
fpuvadlan edrlsfnunnmsniuisiunasanuiesnsaniaeswiniaussousiunslinu vioflaus
fumuiigeiudinsey dmalilunrgramnssuias mamsinusilanssiamaruiuanaluladlnqlueng
uanediuesernshivgads fufurndiuldhnmsivsriliussmelngannsafiiudemaluladiuenauazwed
wasiasuuvadld hgnswamundulneouaud 4.0 wazndnduly “ermisn” wisunfeuiiesesdy
gaamnssueuIAn (New S-curve) l¢f Faflmnudnduiduetrsnniazdemdnidenudumaluladonsaz
wodies

ninanan ndngasuivguivadin avnivinalulagnediwes Midusumaluladens aty
Ufudss 2563 SeldusuusatiomaszniaioudvosSeu Tneiudusedulndfiviuade 1 wodwesfides
aangldmatinm nedwesdanter ngiuszneumsuazuinngsy uavsuifeuisnsids enevaussedia
memsiauaTygiakadsanvesseima uazldiinseindnngumiaisimzdmiugBoulussiuuiyan

(%

10N LieflazsasiugramnssuewiAndnuauaswoRwosfiasintu 1dun wodledausinuzgs wealuladvan
woAWDIININMIUNWES uaznedweivulil uenainimmdngnsa lneniairnaluladenauaswedwes i
nsadenunietuniagpannssuestutivesssmariuAIngIL Coaching latazdugmavnasuens
%o gravinssuTudusauazeueud granunTINensEinay gravinssue sewanaRndmalaes deglu
gnamnssdnetengugpannnssdniddnenm (First Scurve) wazgmamnssuauinn (New S-curve)
PALHLENESAARSYRLAT LU UATYgRaLasdnuuis Aatufl 12 ileidexloiniuivesmdngnsa fu
AANIHANTH Sinszuaunsimualandideanningeamnssuiiethunduwihdeiduiioineinus a
Filsfmanuidonoulandanudesnsuarnislivsslond uenanindngnss Weenuuulsdauuandisan
vingnsduiifideanviinlndidsstunelusmiinerds namde (1) Wueandoglumansiumalulad

g19egnAMNITUUALUT (NSHAANGRM) Fauwandsanudngnsnadeadaiumidunaingimansned



11

wes (2) Wemwingnsdaduaseifeitesiu o191 wnndmedweivily lnedduiuniieiniineites

WNda 20 e (3) Inglvifineulandnismaiudewmalulagdagtuieglunssuanuaula fe walulad

4 a

SlaAasns waluladwediwesiislsynaudunnuti walulagwesuanaraindatalaues wodlwessanses

a

nadwesNdosaanslan19¥in1n wazwealuladiienakazneadssvu (4) 5183w nienaulandn1swmul

gaannIsuauIAn (New S-curve) lawn wediesdansey nedwesaussausgs waluladiannediuainig
n1sunng wazwedwesnulu (5) WinduvinwediSoununnizgusenounisuasuinnssy wazn13se (6)

) a ] & o o = ) a Y ] & o v A
Waﬂq@ﬁ“’l NﬂjqﬂiquuaﬂUaﬂ’]UUﬂqiﬂﬂ@’]EﬁuuqiumqﬂﬂigLV]ﬂ (qumﬁguiusﬂ@ 5.4 ANMUTIUUDAUENIUUDU

a

wii 2) el munevemdnaasiunisaisdudiaidinunnmaynswasinaanuagaina aunsadudin

wagffan13rns hanuikasinueaumaluladenaaznediwesiyysunmsdriumansdulunsdesen
s vaa v % oA ¢ v Y 1 3 a o A

aaAnNINa afvesAanuslnivieassaaiieuinnssy naenaudlsunlytymlumansvesarviividniive

Usglemisionsimuniasugianazderuvesussmale

1.3 Inquszeea

[

wangnsusvanufUndin arwivinalulagnediues i

IngUszasALilondnU Ty 19uf Undin il

v
(%

ARAN YL AT

1.3.1 IAMETTN ATUTITU ULALATIOIUIIUINTIN aunsnliadeed1a3meniugfsssy Yo i
vdnguLazmeUauedietyming mundnns anauazadeuid saemauduluueswesasesauogly
AasTTUAURIY

1.3.2 \ufihuegiifleninnig ansathnnuduassinuzsumaluladenaaznedwesluysan
nsihfumansdulunisdesenesianudiil airsesdanuilmivieassdaiiuinnssy naonsurisudly
JyvnlumansvesanuinInileuselovtdonswanasugiauasdanuvosusemneld

1.3.3 fiauaiunsalunisindinseiesraduszuy Weiauinuuazufdymiidudouldosis
aseassn anusadndulalumsanfunuldmeniues waganansaseudmansludy lamenuies

1.3.4 fianuluiiin amnsaauenwAatasfvuakwujuRtunisuiledymls danusuiinveuge
Tunthit wagyhausmfugBulsodsd

135 fanuannsalumsdoansldediedivszdvsam uazldmaluladansaumaogiamnzanlunis

AUAN IILHY ANTUNTTIVY UNAUBNANY WaZAISAAMINANUAUTINIwmALLUlaEkazWInnTSY

2. unuRaUIuUTe

o A 1 1% < I o [
uHUMIATUAIARINTuALESaluseU 5 U%@Qﬂ?iﬂiUU?\‘iﬁaﬂgﬁi

wHun WAL/ WAB LA nagns wangw/Aaned

- dviwdngaslidunsg | - YSulsmangesiaglinseu - wingnslasuniseudAnnann
A0AATOINUNANIINATIIY | NINTTIUAIAISEAUGANANY WNINYIRBULAETUTBIN ane.
VIANgNIVRY Ana. uag WY WA, 2552 - MeNURanUsElundngnsynsoul
OBE - YSuugmdngmslagtining SN




12

LHUNISARIUY/ W AgULUAY

nagns

NANFIU/AU Y

a <@ vl 1 Y1 =
F’W]LWLJEUGQQNﬁ’JUVLﬂa’JuLﬁEJ‘V!ﬂﬂ’Iﬂ

daudnldlunmsuiulsmanans

- Mskanfulivangnsidn

Sulunmsatduayunisaing

- ANFANUINANUT I

@

negaamnssulun1smlangide

- AT UNIAENAINNTIH

- Un@AnwUIgeykeninneIn

83AAUFAU MAgREYMNTIH v3e landifesediu
AIAAFIMNTIH Sy tenianannnnageannssy
- MIHAUIYARINT - atvayulyenansdidnniudseyy | - 819158 TiNdseguvnavinsiaie

wazdauenanuITelussAuyi/
UL

- atuayulionnsddmanuanum
Tunsensifinmsguluseduani/
U

- duasulvionansdasneanide/
winnssufismiuaiudesnisves
AAYAAINNTIH

- atuayuliyaansanvatvayy
\isamUsera/euTI/dusn e

o

muAuy/vinwelvde Tuns

Litfesnin 1 afy/Au/Al

~ $rununanisuleunsweunslud
Usssqﬁmmiﬁiwnmﬂu
proceedings Wwagagatios 1 30v/aw/
Y

- PIUNENUITEIATUNTANUWLY
NIFINMITEFUNF/AUMNFTREY
gm%’ay)aﬁﬁmmgmuaz ane. YausU
Wwagegtios 1 3av/aw/d)

- $nunaede/uinnssuiisiuiu
MAgREMNIIUYTaaa TN ¥AINT LY
oA 1 wanw/d

- YAaINIAgaiuayuNAUIIIY

Use/ousw/dunun egates 1 a5y

- NSUSNNTIVING/D189N00

walulaguazuinnssy

- atuayulienasdinuuinms
AYNSNFIAL
- deasulienasdumanuidely

TgUssloviiuguyuy

- 919158UsEmENanTNUUINIS
391M15 B89ty 1 1AsIn1s/A
- PuunanwIsemhlulsUsslevd

aeg19ti08 1 1asanis/Al

- MSHAILIUNANEN

- daasulmin@nwitnsiuianssy
WawanuAnnsidugusenaunis
- atvayulvdnAnuluvdngns
WmEueranuIdluni
IVINTTEAUVIR/UIUNYR

- MIWAINYINYENYIDINGY

- Unfinwlundngmsidrsiunanssunis
fimunauAndaUsznounsiadeesng
tion 1 ads

- dnAnwUaavnennaudisiiaue
HanuIdelusyiuR/ Ui

- i Anwimunvinye e dangusig

TUswnsu Tell Me More




13

LHUNISARIUY/ W AgULUAY

nagns

NANFIU/AU Y

- MIUIFULUUNNTINNNT
Sounsasulndu active

learning

- arfuayulvienansdianuiiuny
o/ @ a Y
Vinwen1sdansiieunsaeuliiiy

active learning

- eI unangnsinisdanisiseunts

@OULUU active learning laisnn 70%

- MSHAIUNAIDIUIEAIY

ALAINAIUNITISYUNTEDY

- Inlvillanviayunsal/Bumesiug
fivafouaznieuldnuuszdwies
U538

- lauovesuUszan e dnm
asfausifiinnududuegisgee

NNSL3PUNTABULALNTINY

- fllanviryunsal/dumesiuniviuade
waznIauldaulsydmiosusseny
- medvlesupgiaeindanudndy

2819g9 e tiey 1 $18M15/0




14

MUIA9 3 FTUUNIIANTANET MIniiung uazlassadevaaangns

1. STUUNISANNITANE

1.1 ssUu

M seuuvinia 1ae 1 Insine wiseendu 2 mMansinwunid 1 meansAnwunafiszeziia

= [ ' o L4 Y o ' Y Y v v a [ a s
ﬂ’]iﬂﬂ‘l‘}ﬂl&luaﬁﬂi’] 15 dUa9t LazupnInuUAnIg 5]1mUu1Ummamﬂwm’mmaaaaﬁumumum

IAINNSANTUTUARANE W.A.2563

1.2 m3sdansAnenAga e

M hLifianaggiou

1.3 nssiguRgaviulginluszuundInim

M i

2. MIAduN1INaNgNS

2.1 Juantunisaniiunisiseunisaau

M

T - IA1vMUNRA

Ynsfinw 2563 MANSANWA 1 Weunsngues — Weungadnieu
mansAnu? 2 eumgadnieu - Weumwey

YnsAnw 2564 aAMsAnwI? 1 ieufiquisu - Weusanax
MANSANYIT 2 oungainieu — Weufiuiay

Unsfinwn 2565-2567  mamsAnwil 1 oufiquiou - ouganan

AANSANYIN 2 iiBURNaNAN — FIBUNUATNS

2.2 AuaNURvaUIAnY

2.2.

1 fdrdanmsneszaudBygyiiv

nangasuuy 1.1

< =2

- WuddSanmsAnuUsganinrsodfiouin @1 v inermeans BionrInIINenans wie

Y

193N WnglasurzkuuRdvasaulisinii 3.50 ¥se

o

- Wuddidamsfinut3yglnvisadieuwinanuivenmans wiedmnssumansusoauniv

AAeates Adnanuinendnuslusedufiann é’m%wé’ﬂqmﬁﬁ’]Lawwﬁwmﬁwué way

- fnansaeunuangumuusznatsininends 1os iU wSangudmsy
daslpsifnuseauUSygen uay

- shumsiasanussiinmsfnwuasiniideiusesninernsdiinsaouviofiviiau suns
doutoliounaz/MsensaaudunIuel LAz IUNITRTUILIUYOUIINAULATTUNITUIING

NANENS

- psantAvenmilonnszythsrulvieglugaefiiavesanz nssunsusmsnangns




15

NANGATUUY 2.1

- Wuddsansfnudsyglnvtedisuin a1winenmans wselrnssumans vie
ainiieades IneldSunzuuundsaraulising 3.00 via

- Wuddnsansfnudsyglnisedieuwin awinenmans wielrmnssumans vse
auinAgtes Mduasinednusluseivi dnduvdngnsiinanzinednug ua

- finansaeunwSanguAAsENMATMEAINeNds 309 InasiALEnwSinguaniy
HadpsiAnuszauUSygen uay

- shumsiasanyssiinmsinwisasiviideiusesanernsdfinsaounionvhanu siuns
doudalaunas/Mion1saeudunval Az uNIIRATURUYBUIINAMSNTIUNTUIS
NANENT

- aantauenmilonnszythenulvieglugaefiiavesane nssunsuIMTNaNgns

] =

2.2.2 gdndansinuszaudsynni

Y
[

RangAILUY 1.2

a A =

- WugdnSanmsinunUsgaesuseiiisuwin a1ninendmans ¥seIminssumans 1o

4 Y
auMiniifeades lnedazuuundsazaulisinng 3.50 wag

- fnansaeunuSangumuUsEnAtdininends i3oq naTiANUIAISIngud sy
HasdpsiihAnuseaulSygen uay

- shumsiasanUssiinsinuisasinideiusesanernsdfinuaounionivihanu suns
doufnidondellisunay/Mioaouduniuyal wazHIUNTRNTUAIUTBUNALY
NITUATUIMNTWINGAS

- aantRuenmilonniszytheiulvieglunaeiifiavesnnenssunsusmmangns

NANGATUUY 2.2

a

- WuddusamsaneuSayansviseieuin @avinetmans vselrInsIueans vie

J Y
ainieades InedinansSoudun viedrsuuuaivazanlisinng 3.00 uay

- fansaeunuSangumuUsEnatadininends 13oq naTANUIAISINgudnsy
dasdpsidnAnuseaulSygen uay

- shumsiasanUssiinmsAnwuasinideiusesnnernsdfinsaounionivihau siuns
doufniondeilisunay/Mioaouduniyal LAz IUNTRNTUIAIUTBUNALY
NITUATUIMNTINGAS

- psantRvenmilonnszythrulvieglugaefiiavesane nssunsusmsnangns

wa ol v & Y o o a 1Y) a ¢ 1 v = )
2.2.4 ﬂ]mﬁuumau‘] GL‘MLUUITJGnllsﬂE]°UQﬂUNWW'JV]EJ']@EJﬁQEUaPIUﬂiumi NNIYNITANYITEAU

JUNAFANYT W.A.2563

2.3 UgymnvasiinfAnwusniun




16

2.3.1 dnfnwinadasidiseulundngasualifiiuguanuduasinueiferiunediweivisesns 013l
fugmunsissuilundnanslidifisame
2.3.2 mnvinwekarANausan1slinwdinguuesind@nylif e1admasonisiseusiliewinsdis

waztonansmasudiulngilunwdingy

2.4 nagwslunisadiunisiieunluvsyyn / veddnvesinAnwiluve 2.3
2.4.1 firsanliindnvidniFeufiovsuiiugiuanud lsasdoulusedn 741-510 msdaamesine
wied 2(1-3-9) uag 741-511 MIlAzvnedledfeiadeaile 2(2-0-9) nioFsungivduiiufuai
AMuuzthveInuznITIMIUTIMIdngnIuar o1 ss U inednug
2.4.2 Mmualiin@nwseusedyn 417-601 NMwdangudaivinisdmsuinfAnwinufUaudie 4(4-0-
8) Ingliifumiefin uaziindusislusunsy Tell Me More masmaudsiasunisidiniiufanssuiieiindy

A8 uNIAlenaNgn s viseUndinfnyiusenane

2.5 wnun1ssutinAneuazdniamsineluszes 5 4

seaudTeyeyLan
oy . o IurutnAnwnsazdn1sAnY
- Furutinfnel
N13ANYI 2563 2564 2565 2566 2567
S 1 5 5 5 5 5
ST 2 - 5 5 5 5
W 1.1 U 3 - - 5 5 5
33U 5 10 15 15 15
Sruufianinazdsanisinen - - 5 5 5
U7 1 3 3 3 3 3
ST 2 - 3 3 3 3
U9 3 - - 3 3 3
WUy 1.2 S
FUUN 4 - - - 3 3
PIRY 3 6 9 12 12
S1nuiinainazdsanisane - - - 3 3
ST 1 5 5 5 5 5
S 2 - 5 5 5 5
LUU 2.1 U7 3 - - 5 5 5
PR 5 10 15 15 15
° a | o & P
FUWNAINITENTINTAN - - 5 5 5
TP 1 3 3 3 3 3
ST 2 - 3 3 3 3
WU 2.2 —
FUUN 3 - - 3 3 3
ST a - - - 3 3




17

373 3 6 9 12 15
Sruaufianinazdsanisine - - - 3 3
2.6 SUUIZUIUNULLNY
2.6.1 9UUZUUSI85U (MU8UN)
Yauuszua
S19a2L9UNT195U
2563 2564 2565 2566 2567
AUTINSAN YA 448,000 896,000 1,344,000 1,344,000 | 1,344,000
ANaaNzLlEY (MN1918)
Ruganyuaniguia - - - - -
U585V 448,000 896,000 1,344,000 1,344,000 1,344,000
2.6.2 9UUIZUU5I818 (WU-UIN)
- Yauuszanau
WA [{U
2563 2564 2565 2566 2567
A, uANTUNS
1. ﬁﬂ%ﬁh&‘lﬁmﬂi 5,344,822 5,612,063 5,892,666 6,187,300 6,496,665
2. Alganea LU
. 270,000 270,000 270,000 270,000 270,000
(laisu 3)
3. ‘v;umiﬁﬂ‘m 225,000 225,000 225,000 225,000 225,000
4. S98931YTEAVNNNINYNE - 360,000 360,000 360,000 360,000
593 (n) 5,839,822 6,467,063 6,747,666 7,042,300 7,351,665
U, AU
GRGEOGI - - - - -
57 (V) - - - - -
53 (N) + (V) 5,839,822 6,467,063 6,747,666 7,042,300 7,351,665
UIUUNANY 16 32 32 32 32
AldI1emetnAnw/A 364,989 202,096 210,865 220,072 229,739

2.7 STUUNSANEI

=2 [ S o
|ZI FTUUMIANWNUURLUUTULIY

2.8 maiisulauniiein MedvnaznisamedsuiGeutiaandugaufne

) ¥ v v a £ a s 1 ¥ = gj v a =
Wulumu e TIAuNiINeagasuaIuasuns eensanedutudnfne w.e. 2563



3. MENgATUaTaIIdLaau

3.1 ¥ANgAS
3.1.1 IuIunIginsIunaaanangns
1) wuu 1.1 uaw 2.1 dwsudnsamsfinsseiuuigaiiv
uIumheinsnaeanangss kivdesndn 48 wilein

2) WUU 1.2 wag 2.2 dmsuddisanisfnuseaulSynes

IumheinTunaeandngns lddesndt 72 miein

3.1.2 Taseadramengns

wuu 1

LUy 2

NUINIYT

wuu 1.1 wuu 1.2

wuu 2.1

wuu 2.2

PUINIVIVIAU - -

6

16

PUINIVILADN - -

6

8

Ingndnus 48 72

36

48

meinsulisina 48 72

48

72

3.1.3 57897991

3.1.3.1 578291

1) wangasuuy 1.1 (FdusanisAnenszauueyiln)

PUINIVINYTNUS 48 Wuqenia
741-790  AINYIRNUS

Thesis

wanewg * dndnvamadouneivdeluilaglifumhein
741-781  vidoiiAy 1
Special Topics |
741-782  vnvaiiAy 2
Special Topics I
741-783  duwun 1

Seminar |

43(0-144-0)

2((2)-0-4)

2((2)-0-4)

1(0-2-1)

18



19

741-784 Auuun 2 1(0-2-1)
Seminar |l
950-500  S¥LU8UITIVY 2(1-2-3)

Research Methodology

2) néngasuuy 1.2 (idnSansinusiudiyang)
RUINIVIINIANUS 72 wefin
741-792  erdwus 72(0-216-0)
Thesis

U =2 = a 1 dy Y 1 a
RA8L%RA unAnwameileusednaeluilaeglidunuiein

741-781  ndefiAy 1 2((2)-0-4)
Special Topics |

741-782  WndefiAy 2 2((2)-0-4)
Special Topics I

741-783  duuun 1 1(0-2-1)
Seminar |

741-784  duuun 2 1(0-2-1)
Seminar |l

950-500  sxtUsuIsINe 2(1-2-3)

Research Methodology

3) nangnsuuu 2.1 (ndnsanisinerszaudByayiin)

. BUINIVIVIAU 6 NUILNAA

741-781  hdediAy 1 2((2)-0-4)
Special Topics |

741-782  WhdetiAy 2 2((2)-0-4)
Special Topics |l

741-783  duuun 1 1(0-2-1)
Seminar |

741-784  &uuun 2 1(0-2-1)
Seminar |l

950-500  swtlsulnIqe* 2(1-2-3)

Research Methodology
nuewn * aanzilouseulaglituniiein

2. iy naanlidtasnin 6 wulena JdnAnwaiunsadeniseulusiedvsene Ul

741-510  NISAATIEVNDALDS 2(1-3-4)



741-511

741-512

741-513

741-520

741-522

741-530

741-531

741-532

741-533

741-534

741-535

741-536

741-537

741-538

741-540

741-541

741-543

741-544

Polymer Synthesis
Mslaszimediuesieiniadle
Instrumental Analysis of Polymers
mMadenanmuaranuaiesvemedes
Degradation and Stabilization of Polymers
NIAALUINILATVD 98195 TTUYR
Chemical Modifications of Natural Rubber
auiAMIINEANYDINeAILDS

Physical Properties of Polymers
Sloladvoinediues

Rheology of Polymers

TARYIUALNANERN

Rubber and Plastic Materials
ATLAULANAINTUEILAZWANERN

Additives for Rubbers and Plastics
WoRlloTANTIULEN

High Performance Polymers
WodlUeSTIUsTNOUUILY

Polymer Nanocomposites
wiaslunatafndanalaiues

Thermoplastic Elastomers
wedllesfigosaarenadanm
Biodegradable Polymers

WORNOIOIRTYY

Smart Polymers

wodwasnuln

Flame retardant polymers

wialulag Tannadiuoininisunme
Polymer Material Technology for Medical
nIEUIUNSHUsIUEN A Wanafn
Processing of Rubbers and Plastics
NINAADUYNLAZNAIARAN

Testing of Rubbers and Plastics
weluladihenauaydifatu

Latex and Emulsion Technology

walulagniss luAaeng

Rubber Recycling Technology

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

3(2-3-4)

3(2-3-4)

2((2)-0-4)

2((2)-0-4)

20



741-552

741-560

741-561

741-562

741-563

741-564

AMzEUsENaUMTLarLInNTIY
Entrepreneurship and Innovation
AMINTIUNDFDS

Polymer Engineering
ﬂ’ﬁﬁ']‘lniuLLﬁSﬂWiﬂ’J‘UﬂqllﬂiS‘U'JUﬂ"li
Computing and Process Control
IFINTINYY

Rubber Engineering
N130ONLUUNAAA TN AZ UL
Rubber Products and Mold Design
Bnaadinaansussgnddmiumalulag
WodlNes

Applied Mathematical Methods for Polymer
Technology

21

2((2)-0-4)

2((2)-0-4)

2(1-3-2)

2((2)-0-4)

2(1-3-2)

2((2)-0-4)
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Al. NUINIVIINYIUNUS 36 NUWBHA

741-791

ANYIUNUS

Thesis

4) néngaswuu 2.2 ndsamsfneszaudiggyn3)

. BUINIYIVIAU 16 WuUIenn

741-530

741-531

741-540

741-541

(%

AnYILATNAERN

Rubber and Plastic Materials
AILANLASEINT VLAY AR
Additives for Rubbers and Plastics
nsgvIuNshUsIUBNLas wanafn
Processing of Rubbers and Plastics

NNSVAFD UL LA NAERN

36(0-108-0)

2((2)-0-4)

2((2)-0-4)

3(2-3-4)

3(2-3-4)



Testing of Rubbers and Plastics

741-781  ndefiAy 1 2((2)-0-4)
Special Topics |

741-782  WndeiiAy 2 2((2)-0-4)
Special Topics Il

741-783  duuun 1 1(0-2-1)
Seminar |

741-784  duuun 2 1(0-2-1)
Seminar |l

950-500  sxLUsuIsINE* 2(1-2-3)

Research Methodology
nueawmn * amelouseulagldduniiein

2. nuandvdentidesndn 8 wiaein thinwannsadenseulumeindwelud

741-510  MSALATIZVNRANES 2(1-3-4)
Polymer Synthesis

761511 msheszinedweiimeniedle 2((2)-0-4)
Instrumental Analysis of Polymers

701512 msdeNaninuazanuafiesvemediues 2((2)-0-4)
Degradation and Stabilization of Polymers

741-513  N1SAALUININLATU98195TTUYRA 2((2)-0-4)
Chemical Modifications of Natural Rubber

741-520 @uUANINNIEATNVRINOAILDS 2((2)-0-4)
Physical Properties of Polymers

741-522  Sleoladveswedines 2((2)-0-4)
Rheology of Polymers

741-532  wodluoTauTIauLas 2((2)-0-4)
High Performance Polymers

741-533  wedluesBUsznouuly 2((2)-0-4)
Polymer Nanocomposites

741-534  wesluwanaandanalawes 2((2)-0-4)

Thermoplastic Elastomers

701-535  weoAweifigesaasnisianim 2((2)-0-4)
Biodegradable Polymers
741-536 eSO 2((2)-0-4)

Smart Polymers
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741-537  wedweasnulyl 2((2)-0-4)
Flame retardant polymers

741-538  walulagiagwediwesmenisunng 2((2)-0-4)
Polymer Material Technology for Medical

761503 welulafihenswazdiiadu 2((2)-0-4)
Latex and Emulsion Technology

741-544  wialulagmssboAagna 2((2)-0-4)
Rubber Recycling Technology

741552 aMzEUsEnaumTharuinngsy 2((2)-0-4)
Entrepreneurship and Innovation

741-560  AMNTINNOANOT 2((2)-0-9)
Polymer Engineering

741-561  ANSAUIMLATNITAIUANNTEUIUNIS 2(1-3-2)
Computing and Process Control

741-562  3FINIINYS 2((2)-0-4)
Rubber Engineering

741-563  N1509NLUUNAAALNIEI AL 2(1-3-2)
Rubber Products and Mold Design

741564 TnsweedamansUssgnadmiunalulad  2(2)-0-4)
wodlwes
Applied Mathematical Methods for Polymer
Technology

wenndinAnwianunsadenieusglndug il ulunINe I YaUaIUASUNINTD

WNINe1REN IAlngHUANUTLTEUIINAMLNTIUNTUSSNENGNT

4. NUINIVIINYITNUSINUIY 48 Nuqefia
741-793  Ang1fnus 48(0-144-0)
Thesis

3.1.3.2 AUNUYVDITHEIV
sWalvUszneuian 6 & Tneiavusazdileumnediil
Aan 3 fusn Ao 741 vinede san1ATT
miawnanioy vanefa sedunsfne ndngnsnigandi
USeyayn3 awiduduainia 5 WHusuly
RIGLNGRELY vaneds nguindaelud
Wy 0fe  nguiuluga (Module)

WY lfe  naudvweiinediues
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Ui n1A Han3anisAnensEau Ja3an1sAnensEau
nsAnwdl USeyeyain wuu 1.1 USeuaue3s wuu 1.2
31831 nienn 318391 wienn
1 1 741-790 W UNUS 8 741-792 nendnus 9
741-781 vdaiiAy 1 2% 741-781 oAy 1 2%
741-783 duuun 1 1* 741-783 duuun 1 1*
950-500 F+U8uIFIE 2% 950-500 Fid8uInIqE 2%
X000 83U 9 X** X000 TIEIIBU 7 X*¥
Suduifiodsuiugn Suduifiousuiugn
2 741-790 I 1UNUS 8 741-792 IM1INUS 9
741-782 WvoiileY 2 2% 741-782 WivoRiley 2 2%
741-784 duuun 2 1* 741-784 &uuun 2 1*
ook 1RBUY 7 X** ook S183BUY x**
Sududteusuiiugu Sundudteusuiiug
57 16 (8%) 33U 18 (8%)
2 1 741-790 Anefnus 8 741-792 Ineninus 9
2 741-790 Anefnus 8 741-792 Ineniinug 9
57U 16 Pl 18
3 1 741-790 Anetnus 8 741-792 Anendnus 9
2 741-790 Anefnus 8 741-792 Anentnus 9
Pie 16 57U 18
4 1 - - 741-792 Anenfnus 9
2 - - 741-792 Anenfnus 9
- - 57U 18
FIUARDANANGAT 48 FAUARDANANGAT 72
UGG * aanzileusuulituinnumiefn
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U nsAnedi WUy 2.1 WUy 2.2
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741-783 dunu 1 1 741-531 @ SANLANEINS UL 2
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741-791 Anefnus 2 741-781 WitaiiAy 1 2
950-500 3£408U398 2% 741-783 dunun 1 1
X000 TEIVIBUe T X*¥ XXX ATUADN 6
Snduiteusuiiugu 950-500 5¢LU8UTTIE 2%
oo e3Tau Asduiiie X*
Usuiugu
2 701-782 Walaiey 2 2 741-540 AF¥UIUNITUUST 3
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741-784 Funun 2 1 sUg LAy Nanasn
741-791 Ineniinus 4 761-782 Wty 2 2
X000 13YBe T X¥* 741-784 dunun 2 1
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761-502 Tugadi 2 5
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e Adnduiieusuiiugiuanuiuuulidunieia lnesednamndeuseuivediunaeiiavenuy
NITUNTUIMINANGATUAL 01138 N Ineniinug

¢ uuyhefnsuduegivnedvluganaseivideniameidou winsildiui

wieAnsansealdmniiinvuamulaseasimanans

3.1.5 A15UN85182UN

741-510 nMsduATIzRNeRLLDS 2(1-3-4)

Polymer Synthesis

Uﬁﬁ%mmnﬁ@waaLuaiwuﬁy’u UATeNTsiinnefiuesuuUaULABATELUULALLAZLUUAIUAY
Ufnsensianedwesuuulessiin Ujiseimaiinnedwesingldansdisediinaes-wunnn UfAsensiiane
dwesuvulpessfuduifsisaduaisuseneuidsdouvedangnsuadu nszuiuniswiounediues
Ufuinsduasisiiagineinedwes

Step-growth polymerization; free radical polymerization (conventional and controlled
radical  polymerization); ionic  polymerization; Ziegler-Natta  polymerization;  coordination
polymerization with transition metal based complex as catalyst; polymerization process; polymer

synthesis and characterization laboratory

741-511 mMyesevinedesieededde 2((2)-0-4)

Instrumental Analysis of Polymers

ﬁmﬁfﬂimLaqaLLaxmii’mfmﬁ'ﬂImLaqaﬁuaﬂ‘waﬁLmﬁmﬂmﬂﬁﬂmiﬂiz@wamm wazlasuilan
FMRUVLEATUIA MTIATITTENURITIAINSouaINaAWes InamaTlafwelsulsamesta walladnwine
sudsadunuianisassun’ uazmedamesluwnsiwesn mdnsziauiidnanaln Mannzindnves
wodlweslaswmataengisdanunsatuauningalnl nsimszilasiaisuazesnlseneuniuailnumaila
danshiletanddailaadninsalnd wallpdunsusaaninsalnd wealaduadosuuniufnisloluud
awnnsalnl wazsmatiauuaalnlnsiuns n15ATevidugIuIng1vesnediues lnsldndesganssel
ddanseu uazimainevneuilnesulalasalnd

Molecular weight and molecular weight determination of polymers by light scattering
technique and size exclusion chromatography; thermal characterization of polymers by differential
thermal analysis, differential scanning calorimetry and thermogravimetry, dynamic mechanical
analysis; determination of polymer crystallinity by X-ray diffraction spectroscopy; characterization of
chemical structure and composition by ultraviolet-visible spectroscopy, infrared spectroscopy nuclear
magnetic resonance spectroscopy and mass spectrometry; morphological analysis of polymers by

electron microscope and atomic force microscopy

741-512 nsideNaN MLaYALLATE TR DALY 2((2)-0-4)
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Degradation and Stabilization of Polymers

madenanmiiosananuiou sendindu Ilaiadida waznsidenanidsna UiAsensein
Tuana UiSensindeudng eelneendindu msnwlngldnsmmasswesnisidenanimyeswediues naln
voaUfAzenstioaty msiaunansiaiosienuoulasias weuRsendunuiuazuauileluuuusidmivens
uazwaaRAn AsULLSY Mstwedmesnauln sl

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; polymer recycling

741-513 NIAALUTN LAV I95TTUYR 2((2)-0-9)

Chemical Modifications of Natural Rubber

nsanuwlsvdanediuelswtunuliizenad-woames Ufiseinsiduvesivesa-du U§isen
nswnnuulufa Uasenisiiiuwuuisveseladuealei nsdndilmivesiuszreduanaens Ufisensend
i msismiladdulasnsinzinveamgmandvialmivuluanavessnsiuu§idsnsunuiuas nsiis
nsmdlanedielsiutuvesueusiuesuindun ‘U‘uhlLaQaEJ’NN"]uﬂﬁiﬂﬂiﬁ%&ﬂLLU‘UE]‘LgﬂJuaaai%LLUU%&L@MLLQB
WUUAIUAN DUIUSYRILNITTIUYIA

Post-polymerization m odification via Diels-Alder reactions, thiol-ene addition, Michael-
type addition and azide alkyne cycloaddition reactions; bond rearrangements of rubber molecules;
oxidation reaction; functionalization by attachment of new chemical groups to rubber molecules
through addition and substitution reactions; graft copolymerizations of other monomers to rubber

molecules via conventional and controlled radical polymerizations; derivatives of natural rubber

741-520 auiAnIINen NTINedILeS 2((2)-0-4)

Physical Properties of Polymers

raulasuduvadluananeadiues autanguegiens Jaladanafinidudu aninwid n1sen
nAnUBINeAmes Weaslulauilindvesansazarsnediuasiaznediueinay aulAltnavesnediues

Conformations of polymer molecules; rubber-like elasticity, linear viscoelasticity; glass
transition; crystallization of polymers; thermodynamics of polymer solutions and blends; mechanical

properties of polymers

741-522 Sleladvaawediuas 2((2)-0-4)
Rheology of Polymers

anifnsieu audfnisin wazn153n Jaladanafidn nIe93talwashuun1Uaais h3adsle

AMDTLUUNTIULALHY LATDISLORLADTLUULNUTUIY 1ATB3 LaRmaskuunesa n15Instoladlaeldaudfinig
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wa Sleladvenszuiumsuansns madndvga nsdnenswasnarafnidudfiun nsididuuwaznisdenl
Shear properties; extensional properties and measurement; viscoelasticity; capillary

rheometer; cone and plate rheometer; parallel plate rheometer, torque rheometer; rheolosgical

measurement utilizing optical properties; rheology of rubber mixing; extrusion; injection molding of

rubbers and plastics; blow-film extrusion and injection blow molding

741-530 AR IATHANERAN 2((2)-0-4)

Rubber and Plastic Materials

eI VIARAzENFUATIER lnBunediues toadens 81A0u Falau waznedyTinudaials
o3 weslunanadnnedlodiiu wodllanaslsd wedwesnigesiu wedlhlasrdnnuaveysiius oza3an
wazlumAsannediwes weddleIunazouius wedwesvlaniuwiy luasuuaznedioames wosludnsdu
fluedn exiluwanafin nedeawesisdulidud dnendisdu neduanfnueda nealansenddifisn

Natural and synthetic rubbers; diene polymers; SBR; EPDM; silicone; polyurethane
elastomers; thermoplastic polyolefins; poly(vinyl chloride); fluorine-containing polymers; poly(vinyl
acetate) and its derivatives; acrylic and methacrylic polymers; polystyrene and its derivatives;
condensed polymers; nylons and polyesters; thermoset resins; phenolic resins; aminoplastics;

unsaturated polyesters; epoxy resins; poly(lactic acid); polyhydroxybutyrate

741-531 ATAULASEINT UL WAERN 2((2)-0-4)

Additives for Rubbers and Plastics

sruumadesiles mytamludseiuzdu wWeseenlusd uazasialidug arsfuse ansnsedu
WATANIVILY anSALAY YHnLaYAMENYUEYDIENTALAN A13FFANEYNA aNsHRNLEY ansduRudule n1s
USuaninia ansfadudmunuanis nsvi iy waradlowesuaznisldau asadesdoninudou
gendndu wazuaiansillodn weudlelsuuwinaznisldou & arsmdli arsnelna asiulwinadn
asviaedu uazduy

Crosslinking systems; vulcanization by sulfur, peroxide and other ch e m icals;
accelerators, activators, and retarders; fillers, types and characteristics of fillers, particulate fillers,
layered fillers, fiber fillers; surface treatment; specific fillers; softening; plasticizers and use; heat,
oxidation, and ultraviolet stabilizers; antiozonants and use, coloring agents, flame retardants; foaming

agents; antistatic agents; lubricants and others

741-532 WoRloTANTIULEN 2((2)-0-4)
High Performance Polymers

sala = v @ v

wodwesndanumieiuazudussge wedwesndnisdeds Jaquay Wuloasuau uiuaz
asasuusinounia wedwesdmsunuiaingsy wedordda wedasuaiun exlsunfinnedeslus wedd
luduagnedioanes wednddueenlen neddalvu weddesAlau samalnwesvlaiaiunse Jandeaniusi

wodwesulnazaneii weddaalaslaviansanazneu lelasiaa asgaduss
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High toughness and strength polymers; oriented polymers; composite materials; carbon
fibers;, glass and reinforcing agents; engineering polymers; polyacetal, polycarbonate; aromatic
polyamides, polyimides, and polyesters; poly(phenylene oxide); polysulfone; poly(ether ketone);
reinforced elastomers; low friction materials; water-soluble polymers; polyelectrolytes; precipitating

agents; hydrogel; high absorbent materials

741-533 wodeigeUsznouuly 2((2)-0-4)

Polymer Nanocomposites

Maunsveanalulaguilu lassaisosnedmesitausenovuilu lassadsuazauthvesans
wsuusiaunluuasvsndnediues N1swseNwasNsEUIUNTUITUNR AW dUsENaULLY wiEnnTwaY
MIAeTEEmInszneivesasasuswidaululuamindwedwes msdawmdsrseninesiaduusanly
wagnedies mawaumaluladuaztuneunsnisuivesansiasunsesiauily audiiding audfiidenang
Fou anvRnsnulvuazantRsunsTuiuligvomedue s nauuily

Evolution of nanotechnology; structure of polymer nanocomposites; structure and
properties of nanoreinforcing materials and polymer matrices; fabrication and processing of polymer
nanocomposites; principles and analysis of dispersion of nanoreinforcing materials in polymer
matrices, interfacial adhesion between nanoreinforcing materials and polymers; technological
development and surface treatment of nano-reinforment; mechanical properties; thermal properties;

fire retardant properties; barrier properties of polymer nanocomposites

741-534 woslunanafndanalawes 2((2)-0-9)

Thermoplastic Elastomers

Uszinvvesneslunatafndanalames dlasumeslunaraindaralawes loloustuainmasiy
wanaandanalawes meslunaradndaralamesainnedlodilu weddmesioames uaznedwlus wasly
nanaRnnedgsudanalaues waveesIsuIRmeTiunanasin

T ypes of thermoplastic elastomers; styrenic thermoplastic elastomers; ionomeric
thermoplastic elastomers; thermoplastic polyolefin elastomers; thermoplastic polyether ester
elastomers; thermoplastic polyamide elastomers; thermoplastic polyurethane elastomers ;

thermoplastic natural rubbers

741-535 WoResTidpuaane TN 2((2)-0-4)
Biodegradable Polymers

MsBUINguNeAweiNgaeaaIen1yINN autmAleng audRnITMuANTaY waTNINULITY



34

wodluesgosaaIeneTInn nalnnsteraaiy n15lTaNsIsINITEoNEAIEN TN NTIAFBUNITLRYEANY
MeFinnvemeiiues nsustendldnunedesdosaanslaludannivg

Classification of biodegradable polymers; mechanical properties, heat resistance and
water resistance; mechanism of biogradation; use of pro-degradant; methods for estimating

biodegradable performance; biodegradable polymers for industrial applications

741-536 NodlueioInIYY 2((2)-0-9)

Smart polymers

MsILuNNedLesoaasur wedwesinlui wedwesiislediannin wedlwesidssznou
dunsulszendldiniundsnu Yagesaiannuasenainneduessiindangy wedwesneuausnielui
ANUAINNITagnedluessansey

Classification of smart polymers; conductive polymers; piezoelectric polymers; polymer
composite for energy storage application; polymer-based flexible strain sensor; electroactive

polymers; progress in smart polymers

741-537 wodwasnuly 2((2)-0-4)

Flame retardant polymers

Tassadsiazaudfvosarsiuln nsaansdaznswlndvomediues natnnrsvuln nsly
nuresasnulnlunedwes nsvegeulazinszinisnulivemedines

Structure and properties of flame retardants; Decomposition and combustion of
polymers; Flame retardant mechanism; Application of flame retardant in polymers; Testing and

characterization of flame retardancy in polymers

741-538 wAlulag TanneafiuaIninsunme 2((2)-0-4)

Polymer Material Technology for Medical

wodesiilon1sdasnssy Waﬁma%‘ﬁ'@m%mlﬁ wodwedifion1suanUdosen nodiwesldi
o¥anifion wedwesiilonsnaunuTanmansuIme

Polymers for surgical; resorbable polymers; polymers for drug release; polymers for

prosthesis; polymers for medical material substitution

741-540 nIgUIUNSHUsIUENLasNanadn 3(2-3-4)

Processing of Rubbers and Plastics
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Rheological properties involved in rubbers and plastic processing; reduction of size 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 rubbers ;
mixing of plastics and additives; plastic extrusion; single and twin screw extruders; film extrusion;
injection molding of plastics; blow-film extrusion; plastic calendering; thermocasting and
thermoforming; injection blow molding; rotational molding; laminated process; assembly and welding

techniques

741-541 NIINAFDULILATNANERN 3(2-3-4)

Testing of Rubbers and Plastics
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Specimen preparation and testing conditions; plasticity; cure time and melt flow
properties; hardness and stress-strain tests; fracture; abrasion resistance; flow; orientation and stress
relaxation; flex cracking and fatigue tests; resilience; impact and dynamic mechanical tests; heat and

aging; melt flow index test; rheological tests; limiting oxygen index test

741-543 welulaguhenauasdiadu 2((2)-0-4)

Latex and Emulsion Technology
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Natural rubber latex; synthetic latices; emulsion and emulsion techniques; emulsion

and latex stability; hydrophobic lyophilic balances (HLB); latices and emulsion for dipping, foam,

paint, adhesive, and other industries

741-544 waluladnissluAasns 2((2)-0-0)

Rubber Recycling Technology
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Progress of rubber recycling technology; recycling methods by reclamation and de-
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vulcanization via physical and chemical processes, characterization of recycling efficiency;
characterization and testing of physical and chemical properties of recycled rubbers; applications of

recycled rubbers in industries

741-552 AMzEUsENeUMILaTUInNTIY 2((2)-0-4)

Entrepreneurship and Innovation

o
g a

anwazhUIENaUNT TURBUNITAsNEINY MeUsedlumaienlunsiadagsialml nguuney

]

o
g a 1

MIIAAIGINT ATNIUNAIN U wianssuuaslenia nsnuausniuny n1sinnisanuides miﬂizqmﬁ
WIANYRINTUTENAUTINANUTUUTIUSEaVENaN 1AL TN UYD909AN5EI AR

Entrepreneurial characteristic; enterprise initiation process; alternative evaluating for
new business; new enterprise entry law; seeking sources of fund, innovation and opportunities;
operation planning; risk management; application of entrepreneurship concepts for improving the

effectiveness of a firm’s operations

741-560 Amnssunediues 2((2)-0-4)

Polymer Engineering
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Aspects of polymer physics; microstructure; molecular mobility; crosslinked plastics;
crosslinked rubbers; yield in polymers; deformation mechanisms; fracture mechanics; mechanical
fatigue; fibre-polymer composites; fluid flow and heat transfer in melt processing; relationships

between processing and properties

741-561 MIALILAZANTAIUANNTEUIUNNT 2(1-3-2)

Computing and Process Control
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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;

computer-aided design (CAD) and computer-aided manufacturing (CAM)

741-562 IFINTIUEN 2((2)-0-4)
Rubber Engineering
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Engineering properties of rubbers; elasticity of rubber network; strength and
reinforcement; static load-deformation properties; dynamic mechanical properties of rubbers;

vibration isolation and transmissibility; engineering uses of rubbers

741-563 NN900NLUUNARN AT BUAZ UL 2(1-3-2)

Rubber Products and Mold Design
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Fundamental of innovative thinking, principles of product design; rubber product
design; software of product design; 3D printing; basic engineering of mold design; metals and metals

selection for rubber molds; rheological properties of rubber; mold design for rubber processing;

compression, transfer molding and injection molding

741-564 Bnsdaadiamansussgnddmsumalulagnediues 2((2)-0-)

Applied Mathematical Methods for Polymer Technology
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Mathematical principles for solving technical problems in polymer processing;
Analytical methods in polymer processing; Mathematic models; Application of mathematical

equations in polymer processing

741-781 Widefiay 1 2((2)-0-4)

Special Topics |
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Lecture or discuss on current topics of interests in natural rubber, synthetic rubbers and
polymer technology or related fields with emphasis on the topics of advanced materials, advanced

additives, advanced processing as well as advanced testing and analysis.

741-782 PUDNLAY 2 2((2)-0-4)

Special Topics I
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Lecture or discuss on current topics of interests in natural rubber, synthetic rubbers and

polymer technology or related fields with emphasis on the topics related to research for thesis.

741-783 dunun 1 1(0-2-1)

Seminar |
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Literature survey and presentation of current topics in natural rubber, synthetic rubbers
and polymer technology or related fields with emphasis on the topics of advanced materials,
advanced additives, advanced processing as well as advanced testing and analysis; attendance and

participation in the discussion

741-784 dunun 2 1(0-2-1)

Seminar |l
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Literature survey and presentation of current topics in natural rubber, Synthetic rubbers
and polymer technology or related fields with emphasis on the topics related to research for thesis;

attendance and participation in the discussion

741-790 Weilnus (Mangasuuy 1.1) 48(0-144-0)

Thesis
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Advanced research on topics of technology of natural and synthetic rubbers or other
types of polymers to create new scientific knowledge or innovation for academic benefits and/or

applications under the supervision of thesis advisors; publishing the research work in scientific

journals or patents; writing a thesis and successful defense the thesis

741-791 Anegdnus (wingmsiuu 2.1) 36(0-108-0)
Thesis
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Advanced research on topics of technology of natural and synthetic rubbers or other
types of polymers to create new scientific knowledge or innovation for academic benefits and/or
applications under the supervision of thesis advisors; publishing the research work in scientific

journals or patents; writing a thesis and successful defense the thesis

741-792 Weniinus (vingmIuuu 1.2) 72(0-216-0)

Thesis
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Advanced research on topics of technology of natural and synthetic rubbers or other
types of polymers to create new scientific knowledge or innovation for academic benefits and/or
applications under the supervision of thesis advisors; publishing the research work in scientific

journals or patents; writing a thesis and successful defense the thesis

741-793 Weinus (dngnsiuy 2.2) 48(0-144-0)

Thesis
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Advanced research on topics of technology of natural and synthetic rubbers or other
types of polymers to create new scientific knowledge or innovation for academic benefits and/or

applications under the supervision of thesis advisors; publishing the research work in scientific

journals or patents; writing a thesis and successful defense the thesis
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WHUTILEAINTITNTZANBNTRAILINANITITBUSVRMENEAT (Program Learning Outcome, PLO) Wiazd1ugs1839n (Curriculum Mapping)

® ANUSURAYAUNAN

O AMUSURNYBUTBY

- PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO
318391
1 2 3 q 6 7 8 10 11 12
741-510 MsFuATIEANDANES ° ° ° ° ° ° 0 °
741-511 MyhnTzinedwesieniadle o) ° ° ° ° o) °
761-512 M3deNaNINRAZANLATETUBINDA
p ° O ° O O ° O O O PY
o3
741-513 NSAALUINIUALIVDIEIIETTUYIA ° @) ° O O ° O O O °
741-520 duUANIINEAINYOINDAILDS ° @) ° O O ° O O O °
741-522 Sloladvoinediues ° o) ° o) ° ° o) o) o) °
741-530 JARLLATNANERN ° ° 0 ° ° O ° 0 o O °
741-531 @SAULASE NS ULIILaTNANERN ° ° o} ° ° O ° o} 0 O °
741-532 WoRlueTANTIOULES ® o} ® O ® o} o} 0 °
741-533 Woakaseusenauunly ® ® o} ° O O ® o} o} 0 °
741-534 waslunaraindanalaiues ° ° o} ° O O ® 0 o} 0 °
741-535 wodlesoudaylanistiniw ° ° o) ° o) o) ° o) o) 0 °
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- PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO
518391
1 2 3 q 5 6 7 8 9 10 11 12

741-536 WoRLLDIOIRIYE ° ° o) ° ° o) ° o) o) o) °
741-537 wodwasnulw o o 0 O O O o 0 0 0 o
741-538 wAlulag Jaanediuesniansunng o O ® o ® o O 0 ® o
741-540 nszUIUNTHUTIUEN LA HANERN O ° ° ° ° ° O ° O °
741-541 NMIVAADULIILALNANERN @) ° ° ° ° ° O ° O °
741-543 waluladihenwardiadu ° ° o) ° o) o) ° o) o) o) °
741-544 walulagn1ss loiAasns ° ° o) ° o) o) ° o) o) o) °
741-560 AFINTTUNOALUDS o 0 ° O ° ° 0 0 0 °
741-561 NMIATUINKALNITAIUANNTEUIUNIS ° ° o) ° ° o) ° o) °
741-562 IAINTINYN ° ° O ° ° O O °
741-563 N5ODNWUUNARSUTMEN WanaRnLaz

- O O ° ° ° ° O ° O °
WA
741-564 TNseadinmansUssynddmiy

° ° O O (@] O °

wialuladwediues
741-552 AneUsEneuMIHaruInnTsy ° ° o) ° o) ° o) °
950-500 $eL08UIBNTINY ° °
741-781 WdadilAy 1 ° ° O ° O ° ° O ° )
741-782 dafiey 2 ° ° O ° O ° ° o) ° °
741-783 duuun 1 ° @) ° @) ° ° ) ° °
741-784 duuun 2 ° @) ° @) ° ° o) ° °
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- PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO PLO
378391
1 2 3 4 5 6 7 8 9 10 11 12
741-790 Angniinus (Mangnsuu 1.1) ° ° ° ° ° ° ° ° ° ° ° °
741-791 Inenilnus (Mangashuy 2.1) ° ° ° ° ° ° ° ° ° ° ° °
741-792 Ineilnus (Mangaskuu 1.2) ° ° ° ° ° ° ° ° ° ° ° °
741-793 Ingniinus (Mangnsuuu 2.2) ° ° ° ° ° ° ° ° ° ° ° °
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- Tensile testing machine
- Capillary rheometer
- Electric densimeter
- Friction tester
- Dielectric test fixture
- Q-Uv
(4) \n3esfloatiuayunside
- \3eenddlave
- inSeaazlane
- insedlalane

- W5aTauld

o lﬂl
UIU 1 LAY
o lﬂl
UIU 1 LAY
o lﬂl
UIU 1 LAY

o lﬂl
TUIU 2 LAY

§ruu 1 1e5ed
§ruu 1 1e5ed
§ruu 1 1e5ed
$ruu 1 1e8eq
$ruu 1 1e%ed

o lﬂl
UIU 1 LAY

§1uU 2 19%ed
§1uU 2 19589
§ruu 1 19589
§ruu 1 19589
$1uu 3 1eded
$ruu 1 1eded
$ruu 1 1eded
$ruu 2 1Aded
§ruu 1 19589
§ruu 1 1e%ed
§ruu 1 18389
§ruu 1 18389

o dl
UIU 1 LAY

UMW 1 LAT84
UMW 1 LRS84
UM 1 L1AT89

UM 1 L1AT89



78

_ iSeadouuiia §ruu 1 1e%ed
- ndafinlansuuuuuafg §ruu 1 1e%ed
-~ pSeafalanisnuuLLITIU §1uu 1 1e5ed
T SR §1uU 2 19584

6.3 NMFTAMINTNEININSITHUNTHOURLLR

Usvamuauiuddinineuinislunsdndenisde wazsafiiieates ieusnslieransduas
tnAnwldduat uarlfusznaumaiounisaeu lunsaustemiivdedu o1sdiaeuusarmeinasiday
sullumsiauewusedondide aaensudedu q fisndu

Tudwvesnmaivasiviesayaiiiouinisniisde M1 wazssuueietigasufiames (Wireless) Lile
USnsmsdududeyamsdumesidn maimazdndonisaeuiieliUseneunsasuvesenanse 1wy aeuiiumes
i3adlusianmes @

iesesiloinsesindndunilugudiniesiionans anginermansuazmelulad léun

- Fourier-transform infrared spectrometer

- Ultraviolet-visible spectrometer
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- Nuclear magnetic resonance spectrometer

- Differential scanning calorimeter

- Scanning electron microscope

- Transmission electron microscope

- Particle size analyzer

- Gas chromatograph-Mass spectrometer (GC-MS)

- Flammability tester

- Ozone resistance property tester
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NANENS

741-512 M3LEeNANTNLAZAIY
\@hesvaInealNes
741-513 n3AnRUsNIaLASivegeIs
FITUYA []
741-520 @UUANIINIBAINTO
WA
741-522 Sleladveinediues
741-530 JaAnU AT NANERN
741-531 @ IAULAIEINT UL
GUGER
741-532 NodlueTausTouLgs
741-533 wedluesidsusenouunlu
741-534 weaslunwanaansaidle
wes
741-535 weAlesTigeaansnia
I
741-536 WodlupIoa3YY
741-537 wedllesnulw
741-538 naluladJagnediuesnig
NSUNNG
741-540 nszuuMIkUIgueslay
NAERN
741-541 NMINAFDUL AL WAEARN
741-543 weluladihensuasdiadi
741-544 waluladnsslyiAasns
741-552 ATwHUTENaUNTHAY
UINNTIU
741-560 AFNIIUNOAILDS
741-561 NSAINKALNITAIUAY
NSTUIUNNT
741-562 IAINTINYN
741-535 wedlasidosaatanig
i
741-536 WoAlNesoRIUY
741-563 N5DONUUUNARSEUNENa

WAL LUAUN

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)

2((2)-0-4

2((2)-0-4)

2((2)-0-4)

2((2)-0-4)
2((2)-0-4)

2((2)-0-4)
2(1-3-2)

92



3. ANeRNUS 48 e

741-793 INYIRNUS 48(0-144-0)

741-564 3N 5LTIAINFARNS 2((2)-0-4)

Uszgnddansuwmalulad

q

NoALUDS

UININUTUNANWIFINITAEDNTIUTIVIUIDU
MUaaoul UL IRV UATUNINTE
WINIaEdUY AlpenumNiuTeUNAME

NITUNSUIMTAINGNS

3. AneAnus 48 nuhein

AILAY

9791 IMUKLLAR ANBSUIETIBTTIN T INBLazATeIBINg

741-510 NM3duATIZANOALLDS
(Polymer Synthesis) 2(1-3-4)

Uﬁﬁ‘%mﬂmﬁ@waaLM@%LLUU%‘LA Unse1ns
\innaflueTuUUaULADATH LU ULRNLAZ LU
muAy UAsenisiianediweswuulessin
Ufisensiianediwesingldansiuse@iness-
wuen1 wazUisennisiianediesuuulaeasa
wiuifisusadumssznoudsdounedlane
NIWETY NIzUIUMSWsEUNeAes UURNS
AATIZALaZIATIZANO ALY

Step-growth polymerization; free radical
polymerization (conventional and controlled
radical polymerization); ionic polymerization;
Ziegler-Natta polymerization; coordination
polymerization with transition metal based
complex as catalyst; polymerization process;
polymer synthesis and characterization

laboratory

741-510 NMSAWATIEVNDALDS

(Polymer Synthesis) 2(1-3-4)

ALAY

741-511 Mylasvinedweiiewndadle
(Instrumental Analysis of Polymers)
2(2-0-4)

WntinluanakasMsinivinlyanavesned

741-511 Mylasvinedweiieededile
(Instrumental Analysis of Polymers)
2((2)-0-4)

9311 NUWMILRA AeSutesIgIvINE g
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LN@ﬁﬂSLﬂﬂﬁﬂﬂ?iﬂi%L%ﬂ%@ﬂLL??N wazlasunlan
FALUVVLENTUIN NITAATIEELTATIANSoU
vosnedeslnawmailafvialsudvamesiia
wadiafnmasudeaaunuiianisaeiiues uay
wiatAmosluuATIUATA NTIATIZRENTR
WWanawadn MTlATzinanveInediuesiny
wiadaenaLsdAnusatuaUningalnl nng
Anzilassainarasrusznaunaaillay
watadansllean-d0aauningalnl mada
dursusnaUningalnl wmadadauadesuun
wanstswuuaUnlnsalnl uazimada
wiaanlnswes N1TIATIERANEIVINg1VeY
wodweslnglindesqansmididansou uaz
wiatineznouiinnosalulasalnd

Molecular weight and molecular weight
determination of polymers by light scattering
technique and size exclusion
chromatography; thermal characterization of
polymers by differential thermal analysis,
differential scanning calorimetry and
thermogravimetry; dynamic mechanical
analysis; determination of polymer
crystallinity by X-ray diffraction
spectroscopy; characterization of chemical
structure and composition by ultraviolet-
visible spectroscopy, infrared spectroscopy
nuclear magnetic resonance spectroscopy
and mass spectrometry; morphological
analysis of polymers by electron microscope

and atomic force microscopy

waznwsIngy ALY uaUsumheinduluy

active learning

741-512 ﬂWiLgallﬁﬂWWLLa%ﬁﬂ')’TNLﬁaﬂi‘UﬁN
WodLIe% (Degradation and
Stabilization of Polymers) — 2(2-0-4)

msdouanmiilesananudeu sandndu n

laialifa waznsidouanIngana Ujaseinisda

741-512 msﬁammwummmLaﬁwuaa
Wodlues (Degradation and
Stabilization of Polymers) 2((2)-0-4)

msdenanmilosananudeu sandindy

InlaLatifa wasnsidonan ngana Ujase1nis
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Tuana Uiisensindoudhy eelneendindy
msfnulegldnsvaaeseanisidenaninues
wodlwes nalnvesufizeinistesiu nswmun
AN5LE0UIADANTOULATLES LOURDDNTUAUN
wazLoulelLuWEIMSUE ST WadRn 13
Uiga Mavdenaaneniadanin nsthwediues
nava Tl

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;

polymer recycling

daluana UATensiedeutine selnoandundy
msfnulngldnsveaesmensdenanimues
wodlues nabnvesufiseinisUesiu nswaiun
aslEteTramINToULATILEN LOURDNTUAUN
wazLoulelLUE M UE AT Naadn M3
UuLse Mstwedwmesnauilall

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; polymer

recycling

741-513 NMIAALUINIGANVDIELIEITUYA
(Chemical Modifications of Natural Rubber)
2(2-0-4)

nsannUsudimedwelswtunulizsenad-
woalnes Ufisensiuvedlnesa-su U§asen
nswnkuuliAa Y§A381n15 8Nk uUe e
loduealad nsdnmilnivesiuszvatlianagns
UfATeroendintu nsifiunyilaidulasnig
nghnvamgnisaiviialnivuluianavedsns
WUy sUUTiuaznsAy nssldlaned
wolsiwdureseuameduiadug vuluanaens
B\i’luﬂaiﬂﬂﬁﬁ%mLLUU@QQ&@G?%LLUUG%QL@@JLL@B
WUUAIUAN BYRUSURIENTITUYIA

Post-polymerization modification via Diels-
Alder reactions, thiol-ene addition, Michael-
type addition and azide alkyne cycloaddition
reactions; bond rearrangements of rubber
molecules; oxidation reaction;

functionalization by attachment of new

741-513 ﬂ’]ﬁﬁﬂLLﬂ’iﬂ’NLﬂﬁmaﬂ&’]ﬂﬁiim%ﬂa
(Chemical Modifications of Natural Rubber)
2((2)-0-4)

Y9311 NUIWMIEAA AeSu1esIgIvINE g
waznwSInge Ay waUsursAnduwuy

active learning
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chemical groups to rubber molecules
through addition and substitution reactions;
graft copolymerizations of other monomers
to rubber molecules via conventaional and
controlled radical polymerizations;

derivatives of natural rubber

741-520 auU@AN1INIgA TNUBINDALNES
(Physical Properties of Polymers) — 2(2-0-4)

Aounasuduratluananediues Anubaney
2819819 JdlAdanaANTAEY dn1WLAT A1SAN
nanvoanediues weslulauindvesaisazans
woAmesarnodiuesHaN aulRltnaves
WoaAmes

Conformations of polymer molecules;
rubber-like elasticity, linear viscoelasticity;
glass transition; crystallization of polymers;

thermodynamics of polymer solutions and

blends; mechanical properties of polymers

741-520 @uUANINIYANYBINDALNDS
(Physical Properties of Polymers)  2((2)-0-4)
I UIUAUEAN A1eSUIITIEIVINTWINY
WazMwBINg Y AR LauSumheinduwuy

active learning

741-522 Sleoladvesnodiues
(Rheology of Polymers) 2(2-0-4)

auifnisiReu aulan1sdn waznisinidla
Sananan wiedlofimasuuunlaas wiedle
fimasuuunTieuazusy wesdlodma U
g wsedlefiwasuuunasa nsindlelatlng
Tdauifniuas Slaladvenszsuiun1snaueid
nsndnga n1sdnesuaznatafnidiuifiu
s Wauuagnisdadn

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

741-522 Sleoladvasnodiles
(Rheology of Polymers) 2((2)-0-4)
o371 IUIUNUILAR MBdUIEIEIVINTWINY
WazMw8INg e AR LauSumheinduwuy

active learning
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plastics; blow-film extrusion and injection

blow molding

741-530 TANYIUALNATERN
(Rubber and Plastic Materials) 2(2-0-4)
Y95ITUTIRLALYITUATIEY LaDuneRLDS

a

wadens dMiAdu dalau waznedySmudanals
Wo3 weslunarainwedlodiiu wedlilanae
l5¢ nedeinivigesiu nodlilaosdinnuas
UG pzAsANLATINASANNERLWES Woddl
Suuaroyius wedwesylamuniu luasuuas
wedleawmes wesludnsdu Auedn oxillu
wanafin wedloawmesisduliidus dnendisdu
wodlan@Anuedn wedlaasondiaiiim

Natural and synthetic rubbers; diene
polymers; SBR; EPDM; silicone; polyurethane
elastomers; thermoplastic polyolefins; poly
(vinyl chloride); fluorine-containing polymers;
poly(vinyl acetate) and its derivatives; acrylic
and methacrylic polymers; polystyrene and
its derivatives; condensed polymers; nylons
and polyesters; thermoset resins; phenolic
resins; aminoplastics; unsaturated polyesters;
epoxy resins; poly(lactic acid);

polyhydroxybutyrate

741-530 TANYIUALNATERN
(Rubber and Plastic Materials) 2((2)-0-4)
Y3 WWee mesuresedmniwine
waznwSInge ALY waUsurdsAnduwuy

active learning

741-531 @ILAULAIE NI UL NANERN
(Additives for Rubbers and Plastics)  2(2-0-4)

szuunsidenles nMsTanludiemusdu
Wosoanles wavanafidug ansiaise as
NSEAU UaganImin ansify vilauag

AMANYEUZYDIANTFIGN AITALANDUNIA AT

9 9

v a

FAAUBHY @seLRuEuly NMsUSUENINRD @19
FuAudnsUNURNIg N5yl wanamly
WRSLAYNIT I @1SHENUTADAINNSOU

20NTATUY wazhasdanstilodn wounle

741-531 @15 ANLAIAINSULILATNANEAN
(Additives for Rubbers and Plastics) 2((2)-0-4)

Y9311 NUIWNIENA AaSu1esIgIvInEing
waznweInge Ay walsundsinduwuy

active learning
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Tguunsiuaznslaeu & arsudaell arsneluy
ansiulihadn arsuaedu LLaxaluG]
Crosslinking systems; vulcanization by
sulfur, peroxide and other chemicals;
accelerators, activators, and retarders; fillers,
types and characteristics of fillers, particulate
fillers, layered fillers, fiber fillers; surface
treatment; specific fillers; softening;
plasticizers and use; heat, oxidation, and
ultraviolet stabilizers; antiozonants and use,
coloring agents, flame retardants; foaming
agents; antistatic agents; lubricants and

others

wnllufisnedvnd

741-532 WeAlesANTIAULEY
(High Performance Polymers)  2((2)-0-4)
woRwesTTlmumilsuazudusigs wedesd
11338967 Jagua uloasuay wmuazvans
UL sHnouNIA wodluesdmTunuIMmINTIY
Wodezdfa wedAsuaiun azlsunfnwedezlus
woddluruazwedleaes weandausenlyn we
adalvlu weddwesAlau danalauesuin
ieBuusa Sandeanmusi wedluesullnazanuth
woddlanlnstariansnnazneu lalasiaa a1sgn
UG

High toughness and strength polymers;
oriented polymers; composite materials;
carbon fibers; glass and reinforcing agents;
engineering polymers; polyacetal;
polycarbonate; aromatic polyamides,
polyimides, and polyesters; poly(phenylene
oxide); polysulfone; poly(ether ketone);
reinforced elastomers; low friction materials;
water-soluble polymers; polyelectrolytes;

precipitating agents; hydrogel; high
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absorbent materials

741-533 wodleitgeUsznouulu
(Polymer Nanocomposites) 2(2-0-4)

Fwunsvoamalulagulu laseassveame
AwesTiUsznauuilu lassaduazaudfves
ansasuLstaululazluysngweawes n1g
WlELLaENIEUIUNTWTIUNE AT TENaY
W1lU NANAITLAZNITIATIZUNITNTZ AT
ansasuwsdaululuvsndnedmes nsta
wilgserisansaSuusanluarnediues ns
WawmelulatuasiunoumswIeuinveses
wsuLsstaunly audfiena audAigennuiou
auUAnvullazaudRi U STUNIULAAYS
wodwesigsUsznouuluy

Evolution of nanotechnology; structure of
polymer nanocomposites; structure and
properties of nanoreinforcing materials and
polymer matrices; fabrication and processing
of polymer nanocomposites; principles and
analysis of dispersion of nanoreinforcing
materials in polymer matrices, interfacial
adhesion between nanoreinforcing materials
and polymers; technological development
and surface treatment of nano-reinforment;
mechanical properties; thermal properties;
fire retardant properties; barrier properties of

polymer nanocomposites

741-533 Wadasi39UsEnauuIly
(Polymer Nanocomposites) 2((2)-0-4)
Y3 WWEn mMeSuresedmniwine
WazN1EINgY ALY uaUTumheAnduluy

active learning

741-534 woslunwanaandanalaiues
(Thermoplastic Elastomers) 2(2-0-4)
Usstamaaaneslunanaandaialawes dlnsu
weslunanaindanalawes lolouslusinmesiy
nanafndanalaues weslunaaindanalaues
PNNNDALEATNY Neddinesiodines LasneaLle
Lud meslunarafinnedeSinudaalawes uway

Y195 TUVIAMDT LUNAARN

741-534 Wwpslunwanaindanalaiues
(Thermoplastic Elastomers) 2((2)-0-4)
P93 IUKIEAR AMSuIeTIEITInIY iy
WAz AU wauSumheinduwuy

active learning
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Types of thermoplastic elastomers;
styrenic thermoplastic elastomers; ionomeric
thermoplastic elastomers; thermoplastic
polyolefin elastomers; thermoplastic
polyether ester elastomers; thermoplastic
polyamide elastomers; thermoplastic
polyurethane elastomers; thermoplastic

natural rubbers

e = &
wallufisnedend

741-535 wodwesTigevaanevnednnim
(Biodegradable Polymers) 2((2)-0-4)
nMsulanguwediueNgosaaevnadanimn
audiidena audhnismuemudou wasnismuii

‘UE]\TWE]ELN@%EJ@EJﬁa’]fJVI’N%’Jﬂ’]W ﬂﬁlﬂﬂ’ﬁ&lﬁ)ﬂ
dae N1slTaN9L39NITURUAAENNTININ A3
1/1maa‘umiﬂ'aaamwwa%’amwmaqwaﬁwa% 19
Uszgnaldanunedwestasaaislaludanilye
Classification of biodegradable polymers;
mechanical properties, heat resistance and
water resistance; mechanism of biogradation;
use of pro-degradant; methods for
estimating biodegradable performance;

biodegradable polymers for industrial

applications

e = %
wallaifisnedond

741-536 WoRLNDIOINTHY
(Smart polymers) 2((2)-0-4)

MIILUNNBAILBSIRSey WoRwes Ul
nedwesiieludidnnin wodmesiBeseneu
dwduuszendldinifiundenu Jannsate
ANUASERAINNOTIDTYLAE ALY Nodlues
novaupIm b ANUATIVIT A LTa e
SO ORDERE

Classification of smart polymers;

conductive polymers; piezoelectric

polymers; polymer composite for energy
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storage application; polymer-based flexible
strain sensor; electroactive polymers;

progress in smart polymers.

ulasnednd

741-537 wodlasnuln
(Flame retardant polymers) 2((2)-0-4)
IassasuazautRvesasnuly nmsaaiefiuas
msnlrdveanedwes natnnisvuln nsldau
vosansulwlunedmes mivegeunayiiATzi
nsnulnveswediues

Structure and properties of flame retardants;
Decomposition and combustion of polymers;
Flame retardant mechanism; Application of
flame retardant in polymers; Testing and
characterization of flame retardancy in

polymers

e = %
wullaifisnedondd

741-538  walulagTannediueiniansunme
(Polymer Material Technology for Medical)
2((2)-0-9)

weAwlesifien1sdaenssu W@&@J@%ﬁ@ﬂéﬁmlﬁ
wedesifienisuanyassen wedlesldvh
PP LIS ‘WaaL:uaiﬁamiwmmuﬁaamﬂmi
Wnng

Polymers for surgical; resorbable polymers;
polymers for drug release; polymers for
prosthesis; polymers for medical material

substitution

741-540 NIEUIUNSLUTIUBIILAENAERN

(Processing of Rubbers and Plastics) 3(2-3-4)
autAnmslvafifeafunisuussuenauay

wanadn nsvililuanagnuinauaznaln

UATen nannsnaNeafuan AT Las e

741-540 n3guIuNshUsIUBNLAsWaNERn

(Processing of Rubbers and Plastics) 3(2-3-4)

AILAY
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ASHEN N1SIALHUES ﬂ?iﬁﬂL‘thL:ﬂﬁNﬁ n1590
A9 MSAALIUURNN NTODNWUULLRNN NS
pnusstuny Madndngaens mstaniludie
lovh msTamludseeanmedeu msTanilug
agerallomeeny MINaLNaaRNLazaNSAT
maLdndngananaiin inseadndnsauuuans
Weuazangg mstdndngafuusuiidy n1sde
WanaRn MIWILHLTAL NS3AUNUNaIERN N3
yaouarnIsTugUseaTmseu msdah ns
Méal,fhmgu NTEUIUNITANNLUN NM1TUTENaULAY
wallansideuse

Rheological properties involved in rubbers
and plastic processing; reduction of size 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
rubbers; mixing of plastics and additives;
plastic extrusion; single and twin screw
extruders; film extrusion; injection molding
of plastics; blow-film extrusion; plastic
calendering; thermocasting and
thermoforming; injection blow molding;
rotational molding; laminated process;

assembly and welding techniques

741-541 NMINAADULIUALNAGFRAN

(Testing of Rubbers and Plastics) 3(2-3-4)
MaRIENTUTIREMATANIENTNAREY

WanARTR nanevanwazantinisviasula n1s

VAFBUANULTIIUATAULAL-AIIUATEA N3

wANIin AaEuUNIUReNIsANTTe N15kra N3

Y 14

ARILATNITAAYAIULAU NITINAFBUIDYLLHN

741-541 NSNAFDULLATWAARN

(Testing of Rubbers and Plastics)

AILAY

3(2-3-4)
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NTUNLTS MsnageuAnginisina nsvegey
ma3lelad mMneaeumAIUGINaeanTaud
toefandivaelunsdslyl

Specimen preparation and testing
conditions; plasticity; cure time and melt
flow properties; hardness and stress-strain
tests; fracture; abrasion resistance; flow;
orientation and stress relaxation; flex
cracking and fatigue tests; resilience; impact
and dynamic mechanical tests; heat and
aging; melt flow index test; rheological tests;

limiting oxygen index test

741-543 wialuladiensuwazdiiadu
(Latex and Emulsion Technology) — 2(2-0-4)
thenesssumi thensdaamed Sfatunar

welliavesdiatu Anuietesveineuay
dsladu Qaamwmaamwmauﬁwu,azhiﬁuauﬁw ih
g19uaratatUd NI URREIUNTTUNTHAR
WARASINNNNTYU Wosens @ N wagdug
Natural rubber latex; synthetic latices;
emulsion and emulsion techniques;
emulsion and latex stability; hydrophobic
lyophilic balances (HLB); latices and

emulsion for dipping, foam, paint, adhesive,

and other industries

741-543 walulaguensiazdiatu
(Latex and Emulsion Technology)  2((2)-0-4)
P93971 UKL AMsuIeTIEITnIwing
WazMw8InNg e AR LeuSumheinduwuy

active learning

741-544 waluladnssleiAasns
(Rubber Recycling Technology) 2(2-0-4)
AnuATImamalulagnisslefa
ASYUIUNNTS MlAaenalagddn1sSmaNLayiInnis
Aaanludimanennuasaas MsAsIE
Usgdndnmnisslaia Msesivvilasnndau

auiRnsnennuarmaaivesesioda ns

741-544 waluladnssleiAaens
(Rubber Recycling Technology) 2((2)-0-4)
I UWIUANEAR AesUIeTIEITINTWINY
WAz AU wauSumheinduwuy

active learning
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Uszyndldensslumalugnanvnssy

Progress of rubber recycling technology;
recycling methods by reclamation and de-
vulcanization via physical and chemical
processes; characterization of recycling
efficiency; characterization and testing of
physical and chemical properties of recycled
rubbers; applications of recycled rubbers in

industries

e = %
wallaifisnedond

741-552 mwQﬂizﬂaUﬂﬂiLLazufﬁmiiu
(Entrepreneurship and Innovation) 2((2)-0-4)
anuwauzUIENauUN1S Gﬁzumumia%ﬁqqiﬁ%

nsussdumadenlunisdadagsiall
NNMNBNTIARIgIRY NMIUVAIYL Linng
wazlond N1IINHAUALILY N159AN1AIN
e N15UsEENALLIANYTDINITUTENBUSIARLN
UFUUTaUTEaVENaNIALELIUYD909ANTTINT
Entrepreneurial characteristic; enterprise
initiation process; alternative evaluating for
new business; new enterprise entry law;
seeking sources of fund, innovation and
opportunities; operation planning; risk
management; application of
entrepreneurship concepts for improving the

effectiveness of a firm’s operations

741-560 AeInssUnediles
(Polymer Engineering) 2(2-0-4)

yuevesidAndnefiues laswai1agana ms
\ndouivesluiana wanaRndagnidenang e1g
sgnifonvng msrsinlunediues nalnnsiia
U nalnnisuaniin ANUEEng wediieasids
Usgnouallaldiduly nsluawazmsaiewaiy
Soulunsruaumsuusgy anuduiusseninms
wussUuazaudn

Aspects of polymer physics;

741-560 IAINTSUNDAUDST
(Polymer Engineering) 2((2)-0-4)
Y9311 NUIWNIENA AaSu1esIgIvInEing
waznweInge Ay walsundsinduwuy

active learning
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microstructure; molecular mobility;
crosslinked plastics; crosslinked rubbers;
yield in polymers; deformation mechanisms;
fracture mechanics; mechanical fatigue;
fibre-polymer composites; fluid flow and
heat transfer in melt processing;
relationships between processing and

properties

741-561 MIAUIULAZATATUANNTLUIUNT
(Computing and Process Control) — 2(1-3-2)
nyuamgeTdmUInANAY 9l AY
W MsAsudius anandunsa-ang
AMILERTIY APLSATUEURAZNTLI
drudsznaumand szaunslua nsta-1Ua
syUU MsdeusensuaRuestuneuinmes
miLﬁULLazLLamma%’aga NIIATUANNTEUIUNIT
puppuines MIoonkuuldaauimesty
(CAD) wagnmsuanldaeniinesany (CAM)
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;

computer-aided design (CAD) and computer-

aided manufacturing (CAM)

741-561 ﬂ’]iﬁ’]u@mLLﬁ%ﬂ’]'ﬁﬂ’JU@Nﬂi%U’JUﬂﬂi

(Computing and Process Control) — 2(1-3-2)

AILAL

741-562 IAINTIUY

(Rubber Engineering) 2(2-0-4)
AUURTIIMNTTUYRILN ANUTANEUVDA

153918180 A8 ANULTILTUALNITATULS

audAnsTuLssarn1singUdeating auds

741-562 FAINTIUYN
(Rubber Engineering) 2((2)-0-4)
Fod Sruumhein Mesuleseimaeing

WAz AU uauSumheinduwuy
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Fuaziitou nslnulumadmnssuresens

Engineering properties of rubbers; elasticity
of rubber network; strength and
reinforcement; static load-deformation
properties; dynamic mechanical properties
of rubbers; vibration isolation and

transmissibility; engineering uses of rubbers

active learning

e = &
wallufisnedend

741-563 NFRANWUUNANTTIE LAY
WLRNN(Rubber Products and Mold Design)
2(1-3-2)

fugnumsAndauinnssy vdnn1seeniuy
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Fundamental of innovative thinking,
principles of product design; rubber product
design; software of product design; 3D
printing; basic engineering of mold design;
metals and metals selection for rubber
molds; rheological properties of rubber;
mold design for rubber processing;
compression, transfer molding and injection

molding

vwallufisnedond

741-564 F5n15\endiadansUszanddmiu
winlulagwedes

(Applied Mathematical Methods for Polymer
Technology) 2((2)-0-4)
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WUUTIABINWANAAEAT N15UTZYNAAUNITNI
afneansiiiolslunsyuiunsiusunediues
Mathematical principles for solving technical
problems in polymer processing; Analytical
methods in polymer processing; Mathematic
models; Application of mathematical

equations in polymer processing

741-781 WvediAy 1
(Special Topics 1) 2(2-0-4)
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Ausgaanluiuian asdnuss n1swlsgy
UaY NIFNAFDULAZAATIZN NITTNTINLAZ N5
drusilunisenilse

Literature survey and presentation of
current topics in natural rubber, synthetic
rubbers and polymer technology or related
fields with emphasis on the topics of
advanced materials, advanced additives,
advanced processing as well as advanced
testing and analysis; attendance and

participation in the discussion

741-781 WaloLAy 1
(Special Topics 1) 2((2)-0-4)

Y9311 NUIWMIEAA ABSU1eTIEIvINE g

waznwSInge Ay walsurdsAnduwuy

active learning

741-782 deiiAy 2
(Special Topics II) 2(2-0-4)
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Mea1nAluladeneessued endunsedt we
Awed Wieauiviiuides Ingwudemi
Aentestunuisodieivendinus nsdhsu
wazn1siausaluniseivsie
Literature survey and presentation of

current topics in natural rubber, synthetic

rubbers and polymer technology or related

701-782 WaUpNLAY 2
(Special Topics II) 2((2)-0-4)

Y9311 NUIWNIENA AaSu1esIgIvInEing

waznweInge Ay walsundsinduwuy

active learning
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fields with emphasis on the topics related to
research for thesis; attendance and

participation in the discussion

741-783 duuw1 1 (Seminar I) 1(0-2-1)
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Literature survey and presentation of
current topics in natural rubber, synthetic
rubbers and polymer technology or related
fields with emphasis on the topics of
advanced materials, advanced additives,
advanced processing as well as advanced
testing and analysis; attendance and

participation in the discussion

741-783 duuun 1 (Seminar 1)

AILAY

1(0-2-1)

741-784&u1u1 2 (Seminar II) 1(0-2-1)
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Awes vieaaiwiiedes Inaiuidemi
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Literature survey and presentation of
current topics in natural rubber, synthetic
rubbers and polymer technology or related
fields with emphasis on the topics related to
research for thesis; attendance and

participation in the discussion

741-784du1un 2 (Seminar 1)

AILAY

1(0-2-1)

741-790 ngniinus (Mangmsuuuy 1.1)

741-790 Ineniinus (Mangasuuy 1.1)
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(Thesis) 43(0-144-0)

(% (%
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uazaoutoatuinerdnusle

Advanced research on topics of
technology of natural and synthetic rubbers
or other types of polymers to create new
scientific knowledge or innovation for
academic benefits and/or applications under
the supervision of thesis advisors; publishing
the research work in scientific journals or

patents; writing a thesis and successful

defense the thesis

(Thesis) 43(0-144-0)

AILAY

741-791 Ineniinus (vangmsuuu 2.1)
(Thesis) 36(0-108-0)
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5950MR 19d A2 viSenediwesylindue
ileairsosdnnulmiviouinnssuiioyss oy
MesnuAnng uaz/mieriteuszgndlianu
melinsquavesenansdivnuinednus
ANUIOANUINANUITE LU TAN TN TUIO
ansUns dAnuannsalunslsuine dnus
uazaoutaatuinednusle

Advanced research on topics of
technology of natural and synthetic rubbers
or other types of polymers to create new
scientific knowledge or innovation for
academic benefits and/or applications under
the supervision of thesis advisors; publishing

the research work in scientific journals or

741-791 Ineninus (vangmsuuy 2.1)
(Thesis) 36(0-108-0)

ALLAN
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patents; writing a thesis and successful

defense the thesis

741-792 Angninus (vangaswuy 1.2)
(Thesis) 72(0-216-0)
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Advanced research on topics of
technology of natural and synthetic rubbers
or other types of polymers to create new
scientific knowledge or innovation for
academic benefits and/or applications under
the supervision of thesis advisors; publishing
the research work in scientific journals or
patents; writing a thesis and successful

defense the thesis

741-792 Angrinus (vingasiuy 1.2)
(Thesis) 72(0-216-0)

AILAL

741-793 Angniinug (Mangnsiuy 2.2)
(Thesis) 48(0-144-0)
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Advanced research on topics of

technology of natural and synthetic rubbers

or other types of polymers to create new

741-793 Angnfinug (Mangesiuy 2.2)
(Thesis) 48(0-144-0)

AILAY

110



scientific knowledge or innovation for
academic benefits and/or applications under
the supervision of thesis advisors; publishing
the research work in scientific journals or
patents; writing a thesis and successful

defense the thesis
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741-784 Seminar |l 1(0-2-1)
741-790 Thesis 48(0-144-0)
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741-531 Chemical Modifications of Natural Rubber 2(2-0-4)
741-781 Special Topic | 2(2-0-4)
741-782 Special Topic |l 2(2-0-4)
741-783 Seminar | 1(0-2-1)
741-784 Seminar |l 1(0-2-1)
741-790 Thesis 48(0-144-0)
741-791 Thesis 72(0-216-0)
741-792 Thesis 36(0-108-0)
741-793 Thesis 48(0-144-0)
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6. EYI8ANEATIANE ATV NBIUIATUNS
Ain1sAnwgega  Ph.D. (Materials)

A3ENUFIUTEAUUSYYINT

741-230 Polymer Chemistry 3(2-0-6)
741-232 Organic Chemistry for Rubber Technology 3(3-0-6)



741-233 Organic Chemistry for Rubber Technology Laboratory
741-251 Polymer Chemistry Laboratory

741-325 Rubber Blends

741-343 Latex Technology Laboratory

741-401 Cooperative Education Preparation
741-402 Field work

741-403 Cooperative Education

741-410 Progress of Rubber Technology

741-436 Thermoplastic Elastomers

741-446 Seminar

741-471 Research Project in Rubber Technology |
741-472 Research Project in Rubber Technology I
A1929UABUIEAUTATINANEN

741-513 Chemical Modifications of Natural Rubber

741-534 Thermoplastic Elastomers
741-541 Testing of Rubbers and Plastics
741-571 Thesis

741-781 Special Topic |

741-782 Special Topic I

741-783 Seminar |

741-784 Seminar |l

741-790 Thesis

741-791 Thesis

aszudaulundngasil

741-513 Chemical Modifications of Natural Rubber
741-534 Thermoplastic Elastomers
741-541 Testing of Rubbers and Plastics
741-781 Special Topic |

741-782 Special Topic I

741-783 Seminar |

741-784 Seminar |l

741-790 Thesis

741-791 Thesis

741-792 Thesis

741-793 Thesis

1(0-3-0)
1(0-3-0)
2(2-0-4)
1(0-3-0)
1(0-2-1)
300 hours
6(0-36-0)
2(2-0-4)
2(2-0-4)
1(0-2-1)
3(0-9-0)
3(0-9-0)

2(2-0-4)

48(0-144-0)
36(0-108-0)

48(0-144-0
72(0-216-0
36(0-108-0

)
)
)
48(0-144-0)
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Ain15Ane1gega  Ph.D.(Polymer Engineering)
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741-223 Rubber Materials | 2(2-0-4)
741-241 Rubber Technology Laboratory | 2(0-6-0)
741-251 Polymer Chemistry Laboratory 1(0-3-0)
741-323 Rubber Chemistry 2(2-0-4)
741-343 Latex Technology Laboratory 1(0-3-0)
741-401 Cooperative Education Preparation 1(0-2-1)
741-402 Field work 300 hours
741-403 Cooperative Education 6(0-36-0)
741-410 Progress of Rubber Technology 2(2-0-4)
741-446 Seminar 1(0-2-1)
741-471 Research Project in Rubber Technology | 3(0-9-0)
741-472 Research Project in Rubber Technology | 3(0-9-0)

A5LUHIUTTAUUUNARNY

741-535 Biodegradable polymers 2(2-0-4)
741-544 Rubber Recycling Technology 2(2-0-4)
741-550 Seminar 1 1(0-2-1)
741-551 Seminar 2 1(0-2-1)
741-570 Thesis 36(0-108-0)
741-571 Thesis 18(0-54-0)
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741-781 Special Topic | 2(2-0-4)
741-782 Special Topic |l 2(2-0-4)
741-783 Seminar | 1(0-2-1)
741-784 Seminar Il 1(0-2-1)
741-790 Thesis 48(0-144-0)
741-791 Thesis 72(0-216-0)
741-792 Thesis 36(0-108-0)
741-793 Thesis 48(0-144-0)
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3. Useliuanmsiidusalunisuansnanuaaidiu
uaznseAuTslumsuanivasubeus

5. Uszidiuannsieauanunmuiilun1sin
IeITNUS

6. Uszliunaannnisaeuinnaaud® nsiauslase

9IS warnsaeuteanuineinus

PLO4 aupuiifnuasiuawuufuilunisuile

Tymmasdulunsvihaulugnaivnssueauas

A o 1%

WANFRN NHIUNTEUIUNITINNY AUATY FIUTU

doya ARdLATILY warduATIEitoya

= vl

1. INSSEUIMTUINYENTARILATIE kAL

dunsgndeya dulanddymanaingnaivingsy

Y

wanazdymidulssifunisdeny

1. UsgiliuanNnsuanioenneadnuin dunavinue
NI NAT VAL EUATIEI
2. Ysziiuannmsdududoya n1sAuaiuivelddeya

1nUsEnaunsanaula
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PLOS Uszgndnnuiiasyinueiiugiusmunalulad

WoRLURTU YOI UAENIAIUDUS) IUAANT

1. MSBYUNTABUNTIATIERHIUTUNULIANTTY

gakaTNORLUDS

1. YselunaaInNIsAsIeidunueInngsy way

nadenlesmndfg v ululsazaI
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HAANSNISISEUITEAUNANGNS
(PLOs)

nagns/Asn1saeu

-4 = o/
NAYNS/IDNTINUAL

n1sUseliuNg

o s s A @ ~ ¢
aivassresRausinivisouinnssumduyselonl

ADIIYINITUAL RN TUNTILDS

2. MIBYUNTADULUU Active learning Tl
gONUWUUNARSueieaLarnediwesiitinansenu
2. MslAinAneeenLUUNTIToLazIsulATIs
Inendnusmeauieduazunlulemlunsvinite/

ANYIRNUSAILAULDS

2. UszliiuanniuAnlunIsoonuuuNanfaienuay
NORLUDT MADATUNITILATILINIINIINER LAy
N139810

2. Yssiiuwannsaeuinamaudi n1siauslase
SIIMNETNUS NFILNUANUANIULIVBINUINY
wagn1saeulesiuIne dnus

2. Ussifiuanmsthesdnnusuiemadatug s

Uszenaldivanide

PLO6 Ainwn3d8 nunIuIssninssy N1seanwuy
Y N1sWeUTeLEUBlATINTTITY NMTVeNUITY
N13ALIUNNTITE AATzikaragunaniTidy s
MenuNaIdeligndewmiuszileuiznside uag

WRsFIUNIIUWAlulageaLasnediles

1. mslndnAnwidgutaiauslasenisivy

2. msliinfnwnumussanssusludTSeuLay
ffetostulasinside

3. apulagnisunsneglusigdndunun videiiay

wagInennus

1. Uselliunaannnsilsudelauslasin1sive

2. UsellUNaINNISYINENLLT FdeNiley uazdau
LEuelATISIINeGnNuS

3. UsglUNaaINNITINUANNANIUTIVDNUINY

warnIsaaudaInuIneinus

PLOT danttimalan1sanavisanmineanslunnsg
uAumalulagnedwes MnrauiunisIve

LATWAILT WAZNISHARNANA NS LALNANERN

1. nsueunethdetlym/fidedeiiAendastu
unissulrindnwAuai Msenulasilauey
2. mind@nwiauenulnedenltinalulag
ansaumAfivnzay Jandanaluladansaume
neAdnAEnsLaranf

3. iin@nwieseideyauazuilulymilunisiy

38/ ANTANUSIIUAULDS

1. UseliiunaanAsileus18aunag nMsULEaueuy
Tuduidou

2. Usgifiunaannsmduuun MdeiilAy Lavasu
L@UBLATITIINYIENUS

3. UszlUNaaINNNTIIENUANNAINLNT8IUINY

warnIsaautaInuINednus

PLO8 wansaanduinwelunsitmaluladasaune

1. nMsuaumneiteUyny/Mveresiitie1teny

1. UszlliunaanMSlous18uLag M sILEueuY
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HAANSNISISEUITEAUNANGNS
(PLOs)

nagns/Asn1saeu

-4 = o/
NAYNS/IDNTINUAL

n1sUseliuNg

\ensAuAuteya NMIIATIERUTEIIENA Lavn1s

Wauetoyalvinsaiualuieanis

unissuliindnwiAuai Msenulasillaueuy
2. TninAnwiaussulae@enidinalulad
ansauefiunzay Fasaudanaluladansauwme
NAMAFERSILaYAD R

3. ilindAnwinseideyauasuiledymilunisi

AL/ ANYUNUSAIUAULDS

Tuguseu
2. UseiluNaannNsaauLaualasIsnainendnus
3. UseiiuNaaINNIIIIe9IUAINLAIINLNY99UITY

warnIsaautaInuInetnus

PLO9 &pansinwilnenaznendingulansydu

wagwmzaNiuLsaznauAd Mele 1R B1ukaziTe

1. goulaeiiurinuenisite wa 811 Weu lnelaniy
awangulutiudou

2. afuayumadnsiufanssudideddvinugnis
deans \Wu Aansau Sci-Grad Symposium, 414
Useaa33nns Ussenefilay n1sdnaualuniisnge

aneluwazAeUBNAML

1. UszdiuanmsdeansluduSounasmsinausly
7IF1499)

2. Ussifiuaneudnlaluusuniideans

2. Uszifiuannienans velduslasenis S18913dy

UNAINUIY

PLO10 wanseeniavinuenisiludin Ususmy

Tona v duiiy wazujuRnumuduneulay
Y Aal v % )

wilasuneunnelivanzauiulonauas

#01UN"50] AADAIUIIANTIENIIeTUN

1. goulagiiu N1sIANANTIUMSISYUNMTARUTLTY
< ' [ Y o =2
msmaudungy dnuszaunmsallvdnfnm
waneanluNsNINUTINAULDY
2. daaSuuazatvayulvinAnyidisiufanssudn
WAUIAMUAMTIEUTENBUNTTIRLAELMTINe Y
wazaduginie wu lassnsduniguinaded
(Research to market, R2M) 1A597115 Rubber

Hackatorn LHusu

1. Useiiuannnsdanang Anssukag Nshandasn
vaatinAnwiluvagyinnanssungy

2. UssiliuanuasiiaueveanisidnsmAanssungy
3, Yszidlupnunauanseanuiaziauonuanuiuly
ninYINsYisenAuinnssuNsuen

4. Yszdiunnueanamnelaaniunisaleng

PLO11 uanseanisinuelunmsiieuslamenuies

1. dnsyuiunsiteunisaeunnssuliinAnw

1. Uszliuwaannsdududeyaiilussdanuilaa
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HAANSNISISEUITEAUNANGNS
(PLOs)

nagns/Asn1saeu

-4 = o/
NAYNS/IDNTINUAL

n1sUseliuNg

nsiviumaluled wazkassmANeNaN

AULDIDY1FDLILDY

AuATYeYarTonuva

2. maveuneidelym/mdesediiuidestu
uniseulinAnwiAuad Msenukasiauey
3. daasulidnumsUssgAnmaieliians
wuuzuan Wasudenuiu Juiesdnug

wazwalulagndiuindgnn1smige

TuseANFULUILALTITBNLAY AABAIUNITVINITY
2. U iUNANNNISIZUT 189 ULAT NI1TUNLEUD Y
2. UsgluNaaNnNNISIgUAINUAINLNUDIILITY

warnIsaautaInuInetnus

PLO12 UfjUAnuagluszileuity Saduuay
ATUAYUNANAMETIN 385U ANLTRANSAR

ITYIUTTUADIV TN LAz LIINANS1TUY

a =

N U

1. NMIADALNINAMGTIY F38553uluNSaUNTaOU
Hilutudey wazmsvininendinug

2. ussEnewsousendegensdiAinw uaslmFous
Mnanunsaiisadedannsulutudeu

3. madunuvegefinvetesnsd

4. YgnilslvidnAnwilszideudde ianswngszileu
wazURUIAUAIY VBIdIAN delaTunITlEIUTINAY

deAuLazIINas1TUY

1. Uszflupudulinveuanaudilasuteunng
nsnsarenavestnAnelunsitutounasns
A991u

2. Usziiuannsindulas nioninissvesiin@ned
TunsinsauAanssy wagnstiausiuiionu
NANTIUVDINIATIYN

3. UizLﬁumﬂ‘wqaﬂssmﬁy’amﬁiuuazmauaﬂ
NS

4. UizLﬁumﬂmié’waqmammaqé’%u wagnIs

YNFUDHAIULY

6.2 NMTIATILNANUFIAAGDIYBY PLOs fungefn1siseuivas Bloom (Bloom’ s Texanomy)

o v = vl o Y o a = ¥
M990 8 ﬂ’J']SJﬁ'e]ﬂﬂa'eN‘U'eNNaﬂ'ﬁLiﬂungﬂ']ﬂVl'N (PLOs) ‘U'eN'Viﬁﬂgﬂiﬂﬂ%ﬂﬁ{]ﬂ'ﬁlﬁﬂug‘ﬂaﬂ Bloom
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Program Learning Outcomes , PLOs Knowledge Attitude Skill
(Cognitive) (Affective) (Psychomotor)
PLO1 LLamaaﬂﬁammL%msmiyiumim&mammmﬁmﬁmmi Remember Attend Distinguish
Lﬁ'mﬁ'U’?a@aNLLaswmaaﬂ asAldUs U AT NaNERN Comprehend Respond Proceed
lnglangianeauas wanainvliafiviy wavansialytnlvall Apply Complete Respond
winzaufuuTunveInguril Analyse Organize Manipulate
Organize Qualify/Internalize Accurate
PLO2 fimungmsnoumudivanyauiunszuiunsnan fifuvu | Remember Attend Distinguish
i dnansaldnanndnsausiensaznansasinanaindimiu Comprehend Respond Proceed
Qmammaumaé’aLLaz%ud’mmust‘i MANMNTTUYIL DAY Apply Complete Respond
quamﬁﬁ Analyse Organize Manipulate
Organize Qualify/Internalize Articulate
Evaulate Adapt
PLO3 Uszgndlfiedosiiontsgulunsndnudnfnsionsuay Remember Attend Distinguish
wanafin udddiedesdlonndeuaziaiasdiolinsvidiensiuan | Comprehend Respond Proceed
audRkazuUanallnTeivesianens Jannanadin nansdueens Apply Complete Respond
LLazmémﬁmﬁwmaaﬂiéfgﬂéfaqmummgmﬁqmammmsmu,az Analyse Organize Manipulate
NANFRNAINUA Evaluate Accurate
PLO4 LauaLLmﬁmLLazﬁmuﬂLLu’mﬁﬁmumiLLfﬂmﬂmmﬁLﬁmsﬁu Remember Attend Distinguish
Tunshnulugeanvnssuensuasnaiasn firiunseuanng Comprehend Respond Proceed
TNUNY AUAT SIUTINTRLA ARTATIEI uazdauATzvivoya Apply Complete Respond
Analyse Organize Manipulate
Create Qualify/Internalize Articulate
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Program Learning Outcomes , PLOs Knowledge Attitude Skill
(Cognitive) (Affective) (Psychomotor)
Evaulate Adapt
PLO5 Uszgninrmiuazinueiugudumeluladwediesan Remember Attend Distinguish
Fouloafumanisnuaug auinnsairsassdesdanuilmivde | Comprehend Respond Proceed
winnssuiifuvsslevireiinnisuazgramnssumediies Apply Complete Respond
Analyse Organize Manipulate
Create Qualify/Internalize Articulate
Evaulate Adapt
Create
PLO6 An®1398 NUNIUITTUNTIU N1T98ALULNUITY N9 8 Remember Attend Distinguish
ToLauelasin1sIvy N15venWidy MIaliun1side Insenkae | Comprehend Respond Proceed
a3Unan$398 Tudeenunanuddelagnissusaideoudsnig | Apply Complete Respond
38 waznmsgIumenuwmalulagensiasnediues Analyse Organize Manipulate
Create Qualify/Internalize Articulate
Evaulate Adapt
Create
PLO7 wdenltinalinnsatavisentinean slun1svinauniu Remember Attend Distinguish
wialuladnediwes Tmnvauiumsidouasiaun uagnswan | Comprehend Respond Proceed
HARAUYIEN AT WAERAN Apply Complete Respond
Analyse Organize Manipulate
Create Qualify/Internalize Articulate
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Program Learning Outcomes , PLOs Knowledge Attitude Skill
(Cognitive) (Affective) (Psychomotor)
Evaulate Adapt
PLO8 uanseendsinurlunisldinaluladansaumeaiionnsdui | Remember Attend Distinguish
Jaya NFIATIRIUTTIIANS wazn1sauetayalmsaiuany | Comprehend Respond Proceed
Nk Apply Complete Respond
Analyse Organize Manipulate
Create Qualify/Internalize Articulate
Evaulate Adapt
PLO9 ﬁamiﬁy’ﬂmwﬂmLLazmmﬁaﬂqMé’ﬂiz%’ULLazmmzamﬁu Remember Attend Distinguish
winENauAY sl ne SULaTLTY Comprehend Respond Proceed
Apply Complete Respond
Analyse Organize Manipulate
Create Qualify/Internalize Articulate
Evaulate Adapt
PLO10 wanseenisinuenisiludin sudmulenta vinaudu | Remember Attend Distinguish
i LLazUﬁﬂ’amumwﬁ%mammwﬁwﬁﬁiﬁ%’wawmﬂﬁmmzam Comprehend Respond Proceed
fulonauazanIun1sal #aenIUINIEN907TUN Apply Complete Respond
Identify Organize Manipulate
Qualify Accurate
PLO11 uanseanievinuzlumsiBeuslamenuias nsinaviu Remember Attend Distinguish
wialulad LLazLLmammmiLﬁaﬁwmmul,aaashwiaLﬁm Comprehend Respond Proceed
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Program Learning Outcomes , PLOs Knowledge Attitude Skill
(Cognitive) (Affective) (Psychomotor)

Apply Complete Respond
Analyse Organize Manipulate
Create Qualify/Internalize Adapt
Evaulate Create

PLO12 UftRnuegluszidouity Sefunazatiuayundnansssy | Remember Attend Distinguish

395554 mm%aﬁméaﬁ%m HTIVVITUADIVITN Uazdidn Comprehend Respond Proceed

GARRERIH Apply Complete Respond
Analyse Generalize Manipulate
Evaulate Quialify Mend
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6.3 N15IAIITNANUEDAAADIVBS PLOs ﬁ'ummi YINYE WASTAUAR

M13°99 9 ANUFBAATDIYBINANTTIBUSTIANANTY (PLOs) Yaewmangnsiuad1u3 vinwe uasviAuad

PLOs

14
AU
v

(Knowledge)

Yinwe
(Skill)

AUAR
(Attitudes)

PLO1 uanieeniennuligdyalunisanenenanusmaivinig
WNerfuianeauasnanadin ansieldmsvensasnaiain

InganzTanuauas waraRnviaiey wagasndivialmaila

winzaufuuTunveInguril

K1 : asfuimuianmans

K2 : 9sAAuImMuansiail

S1 - Wnwen1sdeas sevien
ANUARLaEUSTAUNITAl

S2 : Winyensseuseag
AULDILATNITAINY

walulag

Al : AVAUARNALUANT

! v A )
mEJWE]@ﬂ’NiJELW@LUu

17

Uselerinoadnnswazsae

Y

fngvennIN3

PLO2 Wiungnsaauniualivisngauiunszuun1saan daunu
1 ausaldkdnndndusiensasnanduanaafndmsu
PUAIMNTITNYNADUALTUA Y IUEUA BREIMNTINYEDEUaY

ANINIVRRd

K1 : eadauiinuiagmans
K2 : B3AAU I UansIA
K3 : fNan$eunIseeniuy
ABNNIUALLATNAERN
K4 : 94AAINSNTEUIUNNT
wUsgunansineienauay
IGRGER

K5 : 83AANINTUIISUAY
N3INNT

K6 : 11a5gIukaztonIvun

YBINANNUIY1988 TudIU

S3 : ANUANESI9ETIA

S4 : NMFIUEY TaRTuReU
Tunsimungnsae

WIIUA

S5 : INwENSTULUULAY
DIULUU

S6 : inwrnsiulusunsy
ARUNILMBSAINITUNTS
DONUWUU

S7 : IN¥EN1TDBALUU

ASTUIUNITHER

A2 : pszUnfeUsEANS AN
maaqmﬂauwnuﬁﬁﬁ]u
Usglevilsagldnu

A3 : ASEUENIIANUFURUGS
FEUINAUNUN IR
NTLUIUNITHER

Ad : AiaannugNABIaL
WUV

A5 : pszutneauUasniy
Tumsléirdosiiolunsuussy

NANN I LATNANERN
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PLOs

4
AUI
v

(Knowledge)

Yinwe
(Skill)

TAUAR

(Attitudes)

#IULUA [al089UALEIENS
ULy

K7 : ey Tandildvihuwaifias
K8 : mansanuslolad

K9 : musMNIAINTTNeNd
uagnodlues

K10 : A313M19N3AMI
LAZNIIAIUANNTEUIUNTT

NaALaTLUSU

S8 : MNWENIW N9
fumsesilondssuenaiay
WAERN

S9 : YINYLNITATUIULATANS

T9lUswnsuLiian1sAuI

PLO3 Uszgndldiasasiloudssulunisudanindnaienaway
wanadn TudldinTeiionnaaunasiATo oA LM NTIUA
autAlaruUanalinseivasTanens Jagnanadin wiinduaie

WagNAnTINaNaRANlAgNADININNINTFIUTIRAAMNTTHE WA

NAARNAIRUA

K4 : 83AAUINTLUIUNT
wUsgUndnsineienauay
wanadn

K11 : mnuinseaiiondssy
g1aUATNANERN

K12 : msdiaieannadoy
audRenagnaNEdn

K13 : prafiedosiiases
AuURENULAENANERN

K14 : AU3ATULINTZIUNIS
nadeUANUAYDI AN 1INAY

NANARN SINDINARN NN

510 : anuguglunisly
Lﬂéaaﬁauﬂsgﬂaﬂquag
NAEFn

S11 = anugunglunisld
Lﬂéaqﬁawmaauiaaawquaz
WANERN SINDINANA NN
Lagwaasn

512 : At lunisly
LﬂéaaﬁaﬁLﬂswxﬁﬁaqaﬂauaz
WaNEAN SINDINANN TN
Lagwanamn

S13 : inwgnisikua

(Y]

A6 : ASEMUNDIAINUEIALY

)

Ya9nssaenldiAsadlawys

'
a

sUmngaudmIuATWUS

a v L3

SUNARNUYIY AT HATERN
AT : agEntnnIAUEATY
yasmsdenldiaiosle
GRMGHAER NG I NI
WANERAN SINDINARA NN
warnaaRnfiuanzay

A8 : ATERINDIALEATY
gasmsdenldiaiadle

Aaseranihvesianuauway
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PLOs

4
AUI
v

(Knowledge)

Yinwe
(Skill)

YNAUAR
(Attitudes)

LASWANEAN SLAUIIRALAY

S¥AUANa

NAVAFDULALNAIATIZI

WANERAN TILDINANA N9
wavwaaRnfiunzay

A9 : milstanugnaesly
nsuUaNaNAgoULATHA
AATIEA LaZATERUENDS
nansEnUTLintuaInnsuUa

WA

PLO4 LaupuwmiAnuasimuawujuilunisuiledamiiagu
Tunshnulugeavnssueisasnatain AuNTEUIUIT

TIUNY AUAT FIUTINTRLA ARTATIEI uazdauATzvitoya

K1 : asfuimuianmans
K2 : 9sAuSmMuansiail
K3 : Mansinunseeniuy
ADLNTIUAL WAL WNAEFN
K4 : 83AAUINTLUIUNT
wUsgUndnsineienauay
nanan

K5 : 94AANSNTUSNSUAY
N33IANTT

K6 : anmsgiuuazdarimue
vosHAnSusienade Sudi
EIULUA 08 N9ATEIENg
auNLle

L4

K7 : audTanldviusiiiam

S2 : Winyensseuseag
AULBILALNTAN I
wialulad

S3 : ANUANESI9ETIA

S4 : NMFIUEY TaRTuReU
Tunsimungnsae
WIIUA

S14 : YinweN1SANILATIZY
pgradussuu

515 : inwgmsuntatgm
S16 : YinWEAULVRNG

S17 : inwen1sAuAuteya

A10 : nadnaulawaziaus

aa 14
AWM
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PLOs

4
AUI
v

(Knowledge)

Yinwe
(Skill)

YNAUAR
(Attitudes)

K8 : @R SAIUNITONLUY
WU wagslolad

K9 : AUIMNAIAINTTUYNS
uagneaLLes

K10 : A3M3M9N1TALIN
WAENIIAIUANNTEUIUNTT
ARNGETRIER

K11 : mnuinsesilondssy
YUAYNAERN

K12 : mmé’méaqmaau
anURgazwaIann

K13 : mnudiaiediiases
anURgazNaIann

K14 : AU3ATULINTEIUNT
RERMGHA KON G NIRE
NANERN SINDINANA NN
LAYWANIARN SEAUBIRLAY
FEAVANG

K15 : AS$UIUNSANIATIEN
uazAUy (Analysis

thinking)
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PLOs

4
AUI
v

(Knowledge)

Yinwe
(Skill)

YNAUAR
(Attitudes)

PLO5 Uszgndnnuiuasyinweiiugiumumelulagnediwesin
Woulgsiumansaudue auinnsassassnernnuilntvse

winnssuidulsglevisonsivinisuazanamnssuneiiues

K1 : eadauiinuiagmans

K2 : 9sAruSuansail
K3 : AansaunIsoanuuy
ADUNIUALIILATNAERN
Kd : 94AAININTZUIUNNT
wUsgUnansueienuay
Wanadn

K6 : 11msgukazdanInug
VoINS UTED Tud
#IULUA al0819UATEIENS
IRENL

K9 : A2N3NIIAMINT TN
uagnodlues

K11 : muinsesilondssy
YULATWAERN

K12 : msdiaieanndou
anURgazwaIann

K13 : mmﬁm’%aﬁmswﬁ

AUURYILATNANERN

K14 : AUSATULINTEIUNNS

nageuaNUAveITang LAY

S2 1 Winyen1IsEusae
AULDILAZNITANYU
wialulad

S3 : AMNANESINATIA
S14 : inwzn1SARIATIEN
pgraduszuu

515 - vinwgnisunleteym
S17 : inwensauAudeya
S18 : YiNwEN19I8

519 : ¥inwyN1SYIUINIT
manienag Whdnedudie

msihlulsuselov

A1l : asentinfannAIves

ANSITYLATWRIU

@

A12 : pszuindanudidgy

yosnsndaunisteygn

A13 : H958555UNNSIVY
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PLOs

4
AUI
v

(Knowledge)

Yinwe
(Skill)

YNAUAR
(Attitudes)

WANERAN TINDINANA N9
LAZNANERN STAUTIALAY
JEAUEING

K15 : AS¥UIUNSANIATIEN
uazuAteyn (Analysis
thinking)

K16 : mm%’ﬁmui’mﬂﬁu
K17 : aufiFeamnsnddumia

Ugygn

PLO6 AnwN398 NUMNIUITIUNTTY NISODNLUUNUITYE N15iT8uU

ToLauelAsINITIvy N15VeNWITY NMIANtunsITe Inseiuay

a3Unan$398 Tudenenunanielagndewmnusudeuitnig

(Y]

Y

wazuRsgINNeuITAlulagesiasnediles

K17 : mmiﬁaaui’mﬂﬁu
K18 : mmiﬁaaﬁwéﬁum
Ugygn

K19 : mmiﬁaamﬁau

aa a v
Q8N1399Y

S2 : vinweMslTeueag
AULDILATNITAINY
wialulad

S13 : vinwen1sula
NAVAFDULAYNAILATIZY
S14 : YinweN1SANILATIZY
pgradussuu

S17 .
S18
S19:

VinwgnsauAutoya
L YINYENIIY
VINWYN1SYIUINIG
manieingg Whdefudie

M bulguse el

ALl : asentinfannAves

ANSITYLAZWRIUN

@

A12 : pszuindanudgy

Yosnsndaunsteygn

A13 : §958555UNNSIVY
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PLOs

4
AUI
v

(Knowledge)

Yinwe
(Skill)

YNAUAR
(Attitudes)

520 : YiNwNSUTDLELD

1ATINTITLL N VeI

PLO7 @anttmalan19anfvsonmneans lunisyinaIuaiy
wAluladneawes IUNLauiuUNITIVELAZ AU LAENISHAR

NARNN NN ILALWAARN

K19 : pnusisesssidey
FBn15398
K20 : FansauAtInANans

Lazans

S9 : NNBENITAUIULAZNIT
THUswnsuiion s
S13 : Vinwzn1suda
HAVARDULAYNAILATIZY
521 : inwgnshglusunsy
adfifien1siasziuas

Us21ana

A14 : aszutdndennulaiou
Wwedlunsasgiideyalde

fialaw (Bias)

PLO8 wansaandsinwelunmsiimaluladansaunaiianisdunu
Joya MyLATEnUsEalana warnnihauedeyalvinseiuainy

ABINS

K21 : anusinenfiumalulad

ANIAULNA

S14 : Yn¥EN1SANIATIZI
pgafuszuu

S17 : vinwgnsduAudeya
$22 : Winwrnsidenty

walulagansaune

@

A12 : A5EMINIAINNEIALY

o

vosnsndaunisteygn

PLO9 &pansiinulnenazmendingulansydulaginanzauiu

wriagnguAY Vialls wa ez

K22 : 93RANAUNIYIvg
K23 : 9IAANIAY

AWDINGY

S1 - Wnwen1sdeas seven
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(Knowledge) (Skill) (Attitudes)

A23 : fa5581uUssadluivnaTn

6.4 ms%ms']xﬁmmaamé’awaaiwﬁmﬁ'wm’mif YINYE WASTIAUAR

M13799 10 N1FAATIXUANNADAATDIVRIINLIYINUAINS Vinwe uaziAUAR
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AU3 Yinwe waz attitudes

741-510 NMSEUATIEANBALUD

3

K=K1,K2,K4,K13,K15,K22,K23,K25
5$=51,52,57,59,512,513,514,515,519,520,521,522,523,524,525,526,527,528,529,530
A=A1,A8,A9,A10,A17,A19,A20,A22,A23

741-511 NMSIHATILNNDRUDITMIULATNID

K=K1,K2,K3,K4,K6,K13,K14,K15,K16,K20,K21,K22,K23,K25
5=51,52,53,59,512,513,514,515,516,518,519,521,522,523,524,525,526,527,528,529,530
A=A1,A2,A8,A9,A10,A14,A15A17,A18,A19,A20,A21,A22,A23

741-512 NSLEDNANINBALANULADYTVDINDAUDS

K=K1,K2,K3,K4,K11,K12,K13,K14,K15,K22,K23,K25
5=51,52,54,511,512,513,514,515,516,521,522,523,524,525,526,527,528,529,530
A=A1,A2,A8,A9,A10,A14,A15A17,A18,A19,A20,A21,A22,A23

741-513 NMSAALUINUATIVE 8195 TUYR

K=K1,K2,K4,K13,K14,K15,K20,K22,K23,K25
5= 52,59,512,513,515,519,521,522,523,524,525,526,527,528,529,530
A=A6,A9,A10,A11,A14,A15A17,A19,A20,A21,A22
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AU3 Yinwe uwag attitudes

741-520 @uURANI9N1AINYDINDALDS

K=K1,K15,K20,K21,K22,K23,K25
5=51,52,511,513,516,519,522,523,524,525,526,527,528,529,530
A=A1,A7,A9,A15A16,A17,A18,A19,A20,A21,A22,A23

741-522 Slaladveanediuas

K=K1,K2,K3,K4,K8,K10,K12,K14,K15,K20,K21,K22,K23,K25
5=51,52,53,59,512,513,514,515,516,518,519,521,522,523,524,525,526,527,528,529,530
A=A1,A2,A7,A14,A15A16,A17,A18,A19,A20,A21,A22,A23

741-530 Fanu LaENaNARN

K=K1,K2,K3,K4,K11,K15,K21,K22,K23,K25,K27
5=51,52,53,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530
A=A1A4.A7,A8,A9,A10,A14,A15A16,A17,A18,A19,A20,A21,A22,A23

741-531 @15 ANLAIAINSULILATNANEAN

K=K1,K2,K3,K4,K6,K11,K12,K14,K15,K20,K21,K22,K23,K24,K25,K26,K27
$=51,52,53,57,58,59,510,511,512,513,514,515,516,517,518,519,520,521,522,523,524,525,526,527,528,
529,530

A=A1,A2,A5A6,AT,A8,A9,A10,A11,A12,A13,A14,A15A16,A17,A18,A19

741-532 weRlwesaNsIULEs

K=K1,K2,K3,K4,K11,K15,K21,K22,K23,K25
5=51,52,53,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530
A=A1,A4,A7,A8,A9,A10,A14,A15A16,A17,A18,A19,A20,A21,A22,A23

741-533 NaAas9UTENaUUILU

K=K1,K2,K3,K4,K6,K11,K12,K14,K15,K20,K21,K22,K23,K24,K25,K26
5=51,52,53,57,58,59,510,511,512,513,514,515,516,517,518,519,521,522,523,524,525,526,527,528,529
530

A=A1,A2,A5,A6,AT,A8,A9,A10,A11,A12,A13,A14,A15A16,A17,A18,A19

741-534 waslunanaindanalaiues

K=K1,K2,K3,K4,K11,K12,K13,K14,K15,K20,K21,K22,K23,K24,K25,K26
5=51,52,53,510,511,512,513,514,515,516,517,518,519,521,522,523,524,525,526,527,528,529,530
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AU3 Yinwe uwag attitudes

A=A1,A2,A5,A6,AT,A8,A9,A10,A11,A14,A15A16,A17,A18,A19,A20,A21,A22,A23

741-535 wadwastayaaalaniatiinin

K=K1,K2,K3,K4,K6,K11,K12,K14,K15,K20,K21,K22,K23,K24,K25,K26

5=51,52,53,57,58,59,510,511,512,513,514,515,516,517,518,519,521,522,523,524,525,526,527,528,529

530
A=A1,A2,A5,A6,AT,A8,A9,A10,A11,A12,A13,A14,A15A16,A17,A18,A19

741-536 WoRBs9AA3 Y

K=K1,K2,K3, K11,K12,K14,K15,K20,K21,K22,K23,K24,K25,K26
5=51,52,53,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530
A=A1,A5A10,A11,A12,A13,A14,A15A16,A17,A18,A19

741-537 Wadawasnuln

K=K1,K2,K3,K11,K12,K13,K14,K15,K20,K21,K22,K23,K24,K25,K26,K27
5=51,52,53,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530
A=A1,A2,A5A6,AT,A8,A9,A10,A11,A12,A13,A14,A15A16,A17,A18,A19

741-538 alulagJagwediuesnianisunng

K=K1,K11,K12,K13,K14,K15,K20,K21,K22,K23,K24,K25,K26,K27,K28
5=51,52,515,516,517,518,519,521,522,523,524,525,526,527,528,529,530
A=A1,A11,A14,A15A16,A17,A18,A19,A20,A21,A22,A23

741-540 nsguuNshUsIUBsLaswanahn

K=K1,K2,K3,K4,K9,K10,K11,K15,K20,K21,K22,K23,K24,K25,K26
5$=51,52,53,510,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530
A=A1,A2,A5,A6,A10,A11,A14,A15A16,A17,A18,A19,A20,A21,A22,A23

741-541 NSNAADUYNLAZNAERAN

K=K1,K2,K3,K4,K6,K11,K12,K13,K14,K15,K20,K21,K22,K23,K25
5=51,52,53,59,511,513,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530
A=A1,A2,A7,A9,A10,A14,A15A17,A18,A19,A20,A21,A22,A23

%

741-543 walulagingawardiatu

K=K1,K2,K3,K4,K6,K10,K11,K12,K13,K14,K15,K20,K21,K22,K23,K25,K26,K27,K28
5=51,52,53,59,510,511,512,513,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530
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AU3 Yinwe uwag attitudes

A=A1,A2,A6,AT,A8,A9,A10,A11,A14,A15A17,A18,A19,A20,A21,A22,A23

741-544 waluladnssleiAaeng

K=K1,K2,K3,K4,K5,K6,K11,K12,K13,K14,K15,K20,K21,K22,K23,K25,K26,K27,K28

5=51,52,53,57,59,510,511,512,513,514,515,516,517,519,521,522,523,524,525,526,527,528,529,530

A=A1,A2,A3,A6,AT,A8,A9,A10,A11,A14,A15A16,A17,A18,A19,A20,A21,A22,A23

741-552 ﬂ?’wéllﬂ58ﬂa‘Uﬂ’]§LLagu’3’Wﬂ3ﬁJ

K= K5,K6,K15,K17,K18,K20,K21,K22,K23,K24,K27,K28
S=51,52,53,54,514,515,516,518,519,521,522,523,524,525,526,527,528,529,530
K= A1,A2,A3,A10,A11,A12,A13,A15,A16,A17,A18,A19,A20,A21,A22,A23

741-560 IAINTTUNDALDS

K= K1,K3,K4,K7,K8,K9,K10,K11,K15,K16,K20,K22,K23,K25
S= 52,55,56,57,58,59,510,513,514,515,516,518,519,521,522,523,524,526,527,529,530
A= A1,A4 A5 A6,A9,A10,A15,A16,A17,A18,A19,A20,A21,A22

741-561 miﬁmamuazmsmwﬂumzmums

K= K1,K3,K4,K5,K9,K10,K11,K15,K20,K21,K22,K23,K25,K27
S= 52,53,55,56,57,58,59,513,514,515,516,518,519,521,522,523,524,526,527,529,530
A= A1,A4,A5A6,A9,A10,A14,A15A16,A17,A18,A19,A20,A21,A22

741-562 FAINTTUYNS

K= K1,K3,K4,K7,K8,K9,K10,K11,K15,K16,K20,K22,K23,K25
S=52,55,56,57,58,59,510,513,514,515,516,518,519,521,522,523,524,526,527,529,530
A= A1,A4,A5A6,A9,A10,A15,A16,A17,A18,A19,A20,A21,A22

741-563 N59DNLUUNANNUNE 1AL LUNLN

K= K1,K2,K3,K4,K5,K6,K7,K8,K9,K10,K11,K15,K20,K22,K23,K25,K26
S= 52,53,54,55,56,57,58,59,510,513,514,515,516,518,519,521,523,524,530
A= A1,A2,A3,A4A5A6,A9,A10,A15,A17,A18,A19,A20,A21,A22

741-564 BN sendinaanUTsanaAdmIy

walulagnedwes

K=K4,K10,K15,K20, K22,K23,K25
5=51,53,57,59,510,513,514,515,516,517,519,521,522,523,524,526,527,529,530
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A=A1,A6,A9,A10, A14,A15A17,A18,A19,A20,A22

741-783 duuun 1

K= K1,K2,K3,K4,K11,K12,K13,K14,K15,K20,K21,K22,K23,K25
5= 51,52,53,513,514,515,516,517,519,521,522,523,524,526,527,529,530
A = A1,A2 A6,AT,A8,A9,A10,A11,A12,A13,A14,A15A17,A18,A19,A20,A22

741-784 duuUN 2

K= K1,K2,K3,K4,K11,K12,K13,K14,K15,K20,K21,K22,K23,K25
5= 51,52,53,513,514,515,516,517,519,521,522,523,524,526,527,529,530
A = A1,A2,A6,AT,A8,A9,A10,A11,A12,A13,A14,A15A17,A18,A19,A20,A22

741-781 WaloiiiAy 1

K= K1,K2,K3,K4,K9,K11,K12,K13,K14,K15,K18,K20,K21,K22,K23,K25
S=51,52,53,513,514,515,516,517,519,521,522,523,524,525,526,527,529,530
A = A1,A6,AT,A8,A9,A10,A11,A12,A14,A15,A16,A17,A18,A19,A20,A21,A22

741-782 Wavafify 2

K= K1,K2,K3,K4,K9,K10,K11,K12,K13,K14,K15,K20,K21,K22,K23,K25
S=51,52,53,513,514,515,516,518,519,521,522,523,524,525,526,527,529,530
A = A1L,A6,A7,A8,A9,A10,A11,A12,A14,A15A16,A17,A18,A19,A20,A21,A22

741-790 N1 TWUS (uu 1.1)

K1-K28, S1-S30, Al- A23

741-791 ANe1QWus (wuu 2.1)

K1-K28, S1-S30, Al- A23

741-792 INg1AWUS (WUU 1.2)

K1-K28, S1-S30, Al- A23

741-793 ANLQNUS (WuU 2.2)

K1-K28, S1-S30, Al- A23
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o = o aw a
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MAKNUIN A-3 TB8ATVBINITTUIUNTTIANTITEUTVRUARE T8I lUnaNgAsNaeiaun1359AN13iT8UIUULENSN (active learning)

wangnsUsvanuldndin auivimalulagnedwes vanansatuuiuuss w.e. 2563

ﬁi’ﬂmuﬁﬂimﬁu’wmﬁ@maaﬂwé’ﬂqm 25 1839
SuauneinidansiFouiuudan (active leaning) 25 1879 Anlufosay 100 vesneinlundngns
FuauneinililddanszuunsFeuiuuuiden 0 918739 Andusewaz 100 veasedvilundngns
aguununginidaaoulnsnms Adansiseuiiuudgn 25 9131

sweiv/Tedv/minein $99aURINTTUIUNTIANTSITBUSUUULTIIN (active learning) UazN1TIANTEBUUULUNG ] Lilddnnsteus

$auazYasItN15IANITREUSUUULTIN Sewazn1s | ey WUULBeSN
Project Problem wuuiuinuznszudMNTSAN Wy | 33msBug | dannsBeud | av 100 | (szuwmiwa)
based based Case based, Team based, LLU‘U‘VIL’]‘HQ
learning (5ou learning Scenario based, gu‘]
ay) (508az) (Presentation, Discussion )
EEATRE Jouaz

741-510 Msduasigvinediues  2(1-3-4) - 75 - - - 25 100
741-511 mdeszvimediueimendosilo - - - Scenario based 20 - 50 100

2((2)-0-4) - Team based 30
741-512 nsidenanInuaz A AR TR - - - Case based 30 - 50 100

wodles 2((2)-0-4) - Discussion 20
741-513 MIFALUTNINATIYBILIIETTUYR - - - Case based 30 - 50 100

2((2)-0-4) - Discussion 20
741-520 auUAnIaNEAmMveINeiiues - - - Case based 30 - 50 100

2((2)-0-4) - Discussion 20
741-522 Slolabvomedies  2((2)-0-4) - - - Scenario based 20 - 50 100
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sWedv/Fedv/minein $ovazvaenITUIUNTIANTTEBUIUUULGLN (active learning) UAZNMTIANIEBUSLUUNG WY Lilddaniaiteus
$uarYa9IsN15IANITFTEUSUUULTIIN Sewazn1s | soudey WUULBEN
Project Problem wuuiuineznszuIMNTSAA Wy | 33msBuq | dansBeud | av 100 | (szywiewa)
based based Case based, Team based, LL‘U‘UVIi]'Hﬁ
learning (308 learning Scenario based, 5"14‘]
av) (5ovaz) (Presentation, Discussion )
EEATeE Souay
- Team based 20
- Presentation 10
741-530 T@ngnawaznanain - 2((2)-0-4) - - - Team based 30 - 50 100
- Presentation 20
741-531 @S ANLANEINT UL LA NAERN - - - Scenario based 20 - 50 100
2((2)-0-4) - Case based 20
- Discussion 10
741-533 woawmeo3eUsznauwnluy - - - Team based 10 - 50 100
2((2)-0-4) - Case based 20
- Presentation 20
741-534 wiaslunanaindanalaiues - - - Team based 15 - 50 100
2((2)-0-4) - Case based 15
- Discussion 20
741-535 wodlestpeaaylanIsTInn - - - Team based 30 - 50 100
2((2)-0-4) - Case based 20
741-536 WodwoseaTey  2(2)-0-4) - - - Case based 25 - 50 100
- Discussion 25
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sWedv/Fedv/minein $ovazvaenITUIUNTIANTTEBUIUUULGLN (active learning) UAZNMTIANIEBUSLUUNG WY LilddanisiFeus
$uarYa9IsN15IANITFTEUSUUULTIIN Sewazn1s | soudey WUULBEN
Project Problem wuuiuineznszuIMNTSAA Wy | 33msBuq | dansBeud | av 100 | (szywiewa)
based based Case based, Team based, LL‘U‘UVIi]'Hﬁ
learning (308 learning Scenario based, 5"14‘]
av) (3ovaz) (Presentation, Discussion )
EEATeE Souay
741-540 nszUIUNSKUTIULSLAEHANERN - 60 - - - 40 100
2((2)-0-4)
741-541 NSNAFDULNLASNAARN - 60 - - - 40 100
2((2)-0-4)
741-543 weluladihensuazdstadu - - - Scenario based 20 - 50 100
2((2)-0-4) - Team based 10
- Presentation 20
741-544 waluladn1ss loAaens - - - Team based 30 - 50 100
2((2)-0-4) - Case based 20
741-552 ATeRUITNaun1suAsUInng s - - - Team based 30 - 50 100
2((2)-0-4) - Presentation 10
- Discussion 10
741-560 Iinssunediues  2((2)-0-4) - - - Team based 20 - 50 100
- Case based 20
- Discussion 10
741-561 NSATLINKALNITATUAL - 75 - - - 25 100
ASEUIUNNT  2(1-3-2)
741-562 3FN35NENe 2((2)-0-4) - - - Team based 25 - 50 100
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sWedv/Fedv/minein $ovazvaenITUIUNTIANTTEBUIUUULGLN (active learning) UAZNMTIANIEBUSLUUNG WY LilddanisiFeus
$uarYa9IsN15IANITFTEUSUUULTIIN Sewazn1s | soudey WUULBEN
Project Problem wuuiuineznszuIMNTSAA Wy | 33msBuq | dansBeud | av 100 | (szywiewa)
based based Case based, Team based, LL‘U‘UVIi]'Hﬁ
learning (308 learning Scenario based, 5"14‘]
av) (5ovaz) (Presentation, Discussion )
EEATeE Souay
- Case based 25
741-563 N1500NKUUNANNUIBIILAY - 75 - - - 25 100
WL 2(1-3-2)
741-781 defiie 1 2((2)-0-4) - - - Scenario based 20 - 50 100
- Presentation 15
- Discussion 15
741-782 vodiiAy 2 2((2)-0-4) - - - Scenario based 20 - 50 100
- Presentation 15
- Discussion 15
741-783 duuun 1 1(0-2-1) - - - Case based 50 - - 100
- Presentation 25
- Discussion 25
741-784 duuun 2 1(0-2-1) - - - Case based 50 - - 100
- Presentation 25
- Discussion 25
741-790 nenfinus (Wuu 1.1) 70 - - Presentation 15 - - 100
48(0-144-0) - Discussion 15
741-791 Aveinus (wuu 2.1) 70 - - Presentation 15 - - 100
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sWedv/Fedv/minein $ovazvaenITUIUNTIANTTEBUIUUULGLN (active learning) UAZNMTIANIEBUSLUUNG WY LilddanisiFeus
$uarYa9IsN15IANITFTEUSUUULTIIN Sewazn1s | soudey WUULBEN
Project Problem wuuiuineznszuIMNTSAA Wy | 33msBuq | dansBeud | av 100 | (szywiewa)
based based Case based, Team based, LL‘U‘UVIi]'Hﬁ
learning (308 learning Scenario based, 5"14‘]
a) (3ovaz) (Presentation, Discussion )
EEATeE Souay
36(0-108-0) - Discussion 15
741-792 ANeNTWUS (LuU 1.2) 70 - - Presentation 15 - - 100
72(0-216-0) - Discussion 15
741-793 Aneinus (wuu 2.2) 70 - - Presentation 15 - - 100
48(0-144-0) - Discussion 15
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MANUIN A-4 S18aziReavaslunalundngns

AW 741-501 NMINAANAANUIYIATNATEAN
(Production of Rubber and Plastic Products)
U 8(7-3-14) wefin
(1) waziBunagredaiisaiuluga :

WielvfiFouansanenues Janauasnanain siufsansiafiduusdsdmivonaaznaiain ns
PONWUUNARSMTIENS WaaRn wazuilfiud wagvinweegsnauaznsludusznounsdmsundadueienuas
wanadn f3ouarliGouslagiunsd@nuirieg augllfunmsuiianng WielFouaunsadiniuily
Uszendldlun1sufifau wie madufusenaunisiuenavnssuenduasnalasn

The module is to educate the fundamental knowledge of rubber and plastic materials,
additives for rubbers and plastics, rubber and plastic products and mold design and business skills
and entrepreneurship for creation of new business based on rubber and plastic products. Case study
and practice are used throughout a module to allow students to learn and apply their knowledge for
working or developing rubber and plastic entrepreneur.

va ¥ a

(2) ARANURARLIBU :

v

Juddisansfinwainudnansinenmanstaudia eanssumansiudia wseaviviiieides

Y

(3) UWHLTLEAINIINTZYAINTURAYEUNINTFIUNANTTBU VBMENEAT (PLO) usiasAugs183u
luga
v

® ANUSURAYIUNAN O AMUSURAYDUTDY

31831 PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO

Tagadl 1 N3
NAAKNANN N ° ° ° o) . o] ° ° 0 . 0 °

YIILASNANERN

(4) N1FAATIRIANUADAARDIVRY PLOs iuANS vinwe uaziAuAf

3787391 ﬂ’J’]iI:i; 7N uaz attitudes

K=K1,K2,K3,K4, K5,K6,K7,K8,K9,K10,K11,K12,K14,K15,
K17,K18,K19,K20,K21,K22,K23,K24,K25,K26 K27,K28
5=51,52,53,54,55,56,57,58,59,510,511,512,513,514,515,516,517,518,519,52

Tugad 1 AMsnaanaaiaen

YIILASNATERN
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518997 A2143 Yinwe uag attitudes

0,521,522,523,524,525,526,527,528,529,530
A=A1,A2,A3,A4A5,A6,AT,A8,A9,A10,A11,A12,A13,A14,A15A16,A17,A18,A19
JA20,A21,A22,A23

SWEIYY  741-502 N1SNAHBULAZALATIZHNDALLDS (Testing and Characterization of Polymers)
U 5((5)-2-8) wiaenn
(1) waziBunagnedaiisaiuluga :

dielvE3uannsadenlfinmsgiumvaaeuuasaiosfiennasuduadlumslinseiauifivestan
gauaznanaRn Tudendeiusiouasnatain fiisuannsouananisieseildogisgndes evnilFou
aunsalduselevilunissuseannsgIULAE o MVUAYEIN AR INAUAIINABINITVDIAAI NN TTH

The module focus on the selection and use of standard testing and advanced instruments
for analysis of rubber and plastic materials as well as rubber and plastic products. The students are
able to accurately read and interpret the data. The course can be applied to certificate and produce
specifications that meet the industrial criteria.

va ¥

(2) AeuANUAKISEY :

Y

Lﬂuﬁé’wL%maﬁﬂmmﬂﬂé’ﬂqm"‘mmmamﬁ’m%m AAINISUAIEATUUNN YIT0ANVIVINNEIVDY

Y

(3) WHUTLANINIINTEANLAMUTURATIUNINTFIUNANISITEUTVDMANGAT (PLO) uiazAugsedvn

Tuga

® ANUSURAYIUNAN O ANMUSURAYIUTDY

318391 PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO | PLO

Tagadl 2 N3
NAHaULAY
AATILVNDA

4
L9

(4) NFAATIEVANUADAAGDIYRY PLOs AiuAduS Vinwe uaziiAuAf

3187397 ﬂ’J']SJf::f WY waz attitudes
Iu@aﬁ 2 NMINAFDUNAY K=K1,K2,K3,K4,K6,K11,K12,K13,K14,K15,K16,K20,K21,K22,K23,K25

IATZINDALDS $=51,52,53,59,511,512,513,514,515,516,517,518,519,521,522,523,524,525,5
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S189%1

AU3 vinwe uwag attitudes

26,527,528,529,530

A=A1,A2,A7, A8,A9,A10,A14,A15A17,A18,A19,A20,A21,A22,A23




202

AANUIN

A1AKNUIN 9-1 Memorandum of Understanding (MOU)

1. MOU between PSU and University of Twente, the Netherlands

UNIVERSITY
OF TWENTE.

MEMORANDUM OF UNDERSTANDING

between

Prince of Songkla University

Hat Yai, Thailand

and

University of Twente (UT)
Enschede, The Netherlands



Preamble

The undersigned, hereinafter referred to as “Partners”:

o Prince of Songkla University, Thailand (hereinafter referred to as ‘PSU’), and

o The University of Twente, Enschede, the Netherlands, hereafter referred to as ‘UT".

RECOGNIZING the mutual interests in the fields of research, education, environmental issues, transfer of
technology and dissemination of knowledge on long term non-commercial basis, and also,

RECOGNIZING the importance of universities role in promotion of international collaboration and increased
contribution to society development and,

CONSIDERING that

o Prince of Songkla University is a legally recognized institution providing education and research
services in, amongst others, the fields of science, engineering and management;

o The University of Twente, (UT-ET) is a public, not for profit education and research entity, which
focuses on the development of technology and its impact on people and society;

and whereas

o Both partners have common overall objectives, have an overlapping scope of activities, and are working
with potentially complementary methodologies.

The words “The two Institutions”, “both partners” and “collaborating Institutions” in the Memorandum of

Understanding refer to the two partners as identified above.

The partners hereby have agreed to enter into this Memorandum of Understanding to provide a framework
for collaboration between both partners, allowing them the opportunity to develop and implement mutually
beneficial and agreed upon activities, terms and conditions set out in the articles following hereunder.

The partners will enter into subsequent specific agreements additional to this Memorandum of
Understanding, for any of the collaborating activities mutually identified and agreed upon, after elaboration
of the specific objectives, activities and division of responsibilities between them.

The framework agreement allows for other partners to be involved as and when appropriate. In such case,
a special covenant between all partners concerned will be established.

Article 1
FIELDS OF COLLABORATION
1.1 Collaboration between the two institutions will be established within any field of common interest.

1.2 Special emphasis, however, will be given to fields related to Elastomer Technology and related
fields.

203
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Article 2
ESTABLISHMENT OF JOINT EDUCATIONAL PROGRAMMES

2.1 The partners agree to collaborate on the establishment of joint educational programmes at Ph.D.
level, based on the principle of equal partnership.

2.2 Both partners agree to arrange funding for their own share of the work either through their own core
subsidy, through fellowships or through external sources of funding. Exploration of external funding
through donor agencies may be carried out jointly.

Article 3
EXCHANGE OF STAFF

3.1 The purpose of normal exchange of staff shall be teaching and collaborative research.

3.2 Following receipt of written credentials and proposed activities, either party may submit a letter of
invitation to the other party, thereto outlining the proposed terms and conditions under which the
visit is to take place.

3.3 Negotiations between the parties concerning such proposed visits shall include consideration of the
methods and source of funding for the expenses of the visiting staff member or members.

Article 4
CONTINUING EDUCATION PROGRAMMES

41 The two institutions will collaborate in the organisation of joint programmes, workshops and
seminars in fields that are deemed relevant under this Agreement. Through such programmes the
two institutions will work for dissemination of up to date knowledge to professionals in the field.

Article 5
RESEARCH

5.1 Both institutes agree to make efforts to provide information about on-going research activities in
order to establish contacts and collaboration between professionals working within the same fields.

5.2  Inthe case where a joint research project is identified, efforts will be made to evaluate the need for
participating staff and the location of the research activities.

5.3 Both institutes will actively seek third party funding and/or facilitate their own co-funding for the
proposed joint research project.

5.4  The way in which a joint research project is to be implemented will be laid out in a project-specific
joint research agreement, which will cover, inter alia:
o project (co-)funding;
o research team members, including principal investigators / supervisors (one per institute);
o copyright and intellectual property ownership.



Article 6

FUNDING AND FINANCE

6.1

The collaborating institutions will offer logistic support for initiating the collaboration and for working
out draft agreements and proposals for the major activities specified in this Memorandum of
Understanding.

6.2  Funding resources for the administration of the collaboration will be sought by both parties.

6.3  Inspecial cases, e.g. during seminars, conferences or when making arrangements for preparatory
meetings, funds may be applied for from outside organizations.

6.4  The two collaborating institutions will seek funding for specific and major joint research activities.

Article 7

LINK MANAGEMENT AND ADMINISTRATION

71

7.2

1.3

74

Negotiation, implementation, and reporting on the progress concerning the collaboration will be
coordinated by:

(a) Asst. Prof. Dr. Sitisaiyidah Saiwari
Head of Ph.D. Program in Polymer Technology
Faculty of Science and Technology
Prince of Songkla University, Pattani Campus
181 Charoenpradit Road
Munag, Pattani 94000
Thailand

(h) Ass. Prof, Dr. Wilma K. Dierkes
Chair of the Elastomer Technology and Engineering group
Faculty of Engineering Technology
University of Twente
P.0. Box 217
7500 AE Enschede,
The Netherlands

Coordination of the Activities:

Issues about specific activities, including rights and obligations of each party, shall be notified or
communicated to the offices mentioned in 7.1 above.

This Agreement shall have a duration of five (5) years. It will be reviewed during the fifth year of
operation and may be renewed by mutual written agreement for another period of five (5) years or
such period as both parties may agree under the same terms and conditions.

The Agreement will take effect upon ratification by the President of PSU, Asst. Prof. Dr. Niwat
Keawpradub, and the Rector of the University of Twente, Prof. Dr. Thom Palstra.
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Article 8
GENERAL PROVISION

8.1  This Memorandum of Understanding shall be seen as an enabling vehicle for activities jointly
undertaken by the respective signatories to this document. It shall permit the representatives of each
of the partners to enter into subsequent agreements with each other to allow collaborative joint
efforts, which will not conflict with the laws, regulations or operational directives of either
organization, and which are seen to be mutually beneficial to both partners.

8.2  Partners agree to maintain and update a register of the agreements as specified in Appendix |, which
will be signed by both partners upon each individual agreement concluded between partners.

8.3  This Memorandum of Understanding constitutes the entire umbrella agreement between the two
partners in respect of collaboration, and supersedes and revokes all previous negotiations,
commitments and writings concerning collaboration, unless specified and registered in Appendix |.

8.4  This Memorandum of Understanding does not imply the creation, establishment or incorporation of
any body, agency or association.

85  This Memorandum of Understanding does not compromise either partners or their existing and/or
future relations with other parties not named in this document nor does it limit either partner from
entering into relationships with other partners.

86  Partners agree that each will be responsible for its own expenses associated with the
implementation of this Memorandum of Understanding, unless otherwise agreed upon in writing.

8.7  Partners will not represent themselves as representatives of each other, or otherwise commit the
other partner without prior consultation and written approval.

8.8  Partners agree that confidential information revealed to each other and/or each other's staff relating
to its mission and objectives, including, but not limited to such information as technical data, client
data and market intelligence, will not be disclosed, disseminated by parties or their employees to
anyone in whatever way without prior consent in writing of the other partner.

8.9  The two Institutions shall work out detailed implementation plans of collaboration, indicating who will
participate in the research and exchange programme and when. These plans will be reviewed
annually.

8.10  The two Institutions shall write up a progress report about the status of the collaboration once every
second year, and review plans for the collaboration during the period.

8.11  All publications resulting from the collaboration between the two institutions will be mentioned in the
reports. Likewise this Memorandum of Understanding must also be mentioned in all formal
presentations, which result from the collaboration under the terms hereof.

8.12  Detailed implementation plans of the Memorandum of Understanding will be worked out for all the
major joint research projects, and other joint activities resulting from this Memorandum of
Understanding. Such documents have to be accepted by the involved institutions or their
departments, and the coordinating officers.



RATIFICATION OF THE AGREEMENT

Asst. Prof. Dr. Niwat Keawpradub
President of PSU

- Kaphedak—

Assoc.Prof.Dr.Sukree Hajisamae
Dean of Faculty of Science and Technology

Prince of Songkla University

Thailand
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Prof. Dr. Thom Palstra
Rector of UT

7L

6 juli 2020

Dr. Jelle Ferwerda
International Affairs Coordinator UT-ET

University of Twente

The Netherlands
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2. MOA between PSU and University of Twente, the Netherlands
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UNIVERSITY OF TWENTE.

Agreement for Double PhD Program

Between

University of Twente

and

Prince of Songkla University

University of Twente, P.O. Box 217, 7550 AE Enschede, The Netherlands (hereafter referred to as UT)
Represented by Prof. Dr. T.T.M. Palstra, Rector Magnificus

And

Prince of Songkla University, Hat Yai, Thailand (hereafter referred to as PSU)
Represented by Asst. Prof. Dr. Niwat Keawpradub, President

Jointly referred to as the partner institutions

The partner institutions agree with the stipulations detailed below, which apply to the creation of a
procedure for the collective supervision of theses for 2 (two) doctoral candidates (PhD’s), hereafter
referred to as double PhD program.

See separate signed annexes for project descriptions (as well as the envisaged starting and ending
dates of PhD projects, time spent at each partner, and other particulars). A model annex is attached to this
Agreement.



INTRODUCTION

The aim of the procedure for the double PhD program between the partner institutions is to establish and
develop a scientific cooperation by promoting the mobility of PhD candidates.

GENERAL CONDITIONS
The following general conditions apply on the double PhD program to the partner institutions.

The requirements for admission, defense of the thesis and graduation are as follows:

PhD candidates are admitted to the PhD program according to the admission criteria of the UT and PSU
respectively, and perform their PhD program at the UT and PSU simultancously with the same research
project.

The workflow of each program is guided by special documents and administrative authorities in each of
the partner institutions: at PSU and at UT: registration at Twente Graduate School with Training &
Supervision Plan (T&SP) and in compliance with the PhD Charter and Doctoral Regulations;

The compatibility of programs is provided by the program-related mobility of the PhD candidates
between the partner institutions during the period of programs;

The PhD candidates in the double PhD program perform their work under the guidance and the
responsibility in UT under the supervision of a professor who has the authority to grant PhD degrees (ius
promovendi). At PSU daily supervisors (that are qualified according to the Office of the Higher
Education Commission’s criteria) are appointed by the University Graduate School. After the successful
defense and fulfillment of all requirements, the University Council approves the PhD-degree as requested
by the Faculty (Graduate School).

The supervisors all agree to fully carry out their functions of tutor towards the PhD candidate;

The duties of the supervisor will be jointly executed by the supervisors;

The protection of the subjects of the theses as well as the publication, exploitation and protection of
research results shared by the hosting research units of the doctoral candidate have to be guaranteed in
compliance with the specific procedures in each country and partner institution;

The terms related to the submission, approval and reproduction of the theses will comply with the
legislation in force in each country;

The period of carrying out research and the time necessary to prepare the theses will be divided between
the two universities in an approximately 1:1 ratio. The PhD candidates will visit both partners for
performing research, consultations with the supervisors, participation in seminars, workshops,
conferences;

The theses will be defended at UT.

EDUCATION

The PhD candidates perform the educational part of their PhD program at UT in accordance with
the Training & Supervision Plan (T&SP) and the PhD Charter of UT.

The PhD candidates perform the educational part of their PhD program at PSU in accordance with the
PhD Program Curriculum.

UNIVERSITY OF TWENTE.
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The partner institutions mutually recognize any educational credits obtained by the PhD candidates during
the period of the PhD programs and related to his/her PhD program.

RESEARCH PROJECTS
Provisional Titles:

- Silica-Reinforced Natural Rubber: Enhancing Tire Performance by Optimizing Hybridization with
Secondary Polymers (1 PhD-candidate).

- Investigation of Rubber Degradation during Mixing in Silica-Reinforced Natural Rubber-based Tire
Tread Compounds (1 PhD-candidate).

The workflow and time-planning of the research projects of the PhD candidates is guided by
corresponding sections of the Annex, the Training & Supervision Plan (T&SP) and individual work plans.

DEFENSE

Defense of the thesis

Admission to the thesis defense requires the PhD candidates to complete the workflow described in the
PhD Charter and laid down in the Training & Supervision Plan (T&SP) at UT, and the workflow
described by the Graduate School of the Faculty at PSU.

As the result of the research work the PhD candidates will prepare the PhD theses for single defense at the
UT:

The theses will be written in English with a summary in English and Dutch (and if required by PSU in
Thai); the defense of the theses will take place in English and the oral summaries will be given in English.
The theses will be concluded with a single defense of the theses at UT. The PhD committee will be
composed following article 34 of the ‘Promotiereglement’ of the University of Twente. The doctoral
examination committee will be designated jointly by the partner institutions.

The outcome of the PhD defenses will be submitted to the partner institutions. The chair of the doctoral
examination committee will write a short report on the defense of the thesis (viva report), countersigned
by the members of the committee.

Degree

Following a successful execution of the defense:

The UT will award the degree of Doctor (according to the Dutch Law on Higher Education -WHW).
The PSU will award the degree of Doctor (according to the University Council.

UNIVERSITY OF TWENTE.
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UNIVERSITY OF TWENTE.

SPECIAL CONDITIONS

Acknowledgement of cooperation

The thesis and the degree certificates awarded by both partners will acknowledge that the award was
made under a double PhD program agreement by including the following statement on the diploma:

“This doctoral programme was conducted under a double PhD program agreement between the
University of Twente and PSU.”

Recognition of past work

The partner institutions mutually recognize educational credits obtained by the PhD candidates and
related to the PhD.

The partner institutions agree that any scientific results obtained by the PhD candidate at PSU can be used
in his/her PhD thesis and conversely, any scientific results obtained by the PhD candidate at UT can be
used in his/her PhD thesis, if it does not violate anyone's copyright.

Enrolment

The PhD candidate will be enrolled for the entire period of the doctoral program at both partners.

Scholarship

The scholarship of the PhD candidates is sponsored in a program with the Netherlands Natural Rubber
Foundation (Rubber-Stichting).

Tuition fees

Unless otherwise agreed in writing, tuition fees are waived.

Registration fees and other expenses

Registration fees do not apply to the PhD.

The PhD candidates will endorse all personal expenses in connection with their application, including all
living, travel, insurance (for health and civil liability) as well as ancillary costs. However, the Parties
commit to help candidates to find accommodation for the time they are hosted as well as to apply for
scholarships from either Party or a third party.

Social security

The PhD candidates have to assure coverage for social security during their stay at each of the partner
institutions, as well as coverage for civil liability that is valid in both countries.

5



Administrative terms

The Candidates will be entitled to the same rights and privileges (including library services and student
support services) at the Parties as other enrolled PhD candidates.

Intellectual property

1.1“Background” means all Information and Intellectual Property Rights, excluding Foreground, owned
or controlled by one of the Parties hereto, that (i) exists prior to the Effective Date of this agreement, or
(ii) results from other activities of such party which are or will be performed outside of the scope of this
agreement and (iii) to both (i) and (i), under which such party is free to grant licenses.

1.2 “Foreground” means all Information and Intellectual Property Rights, generated by one of the parties
in the Doctoral Research.

1.3 “Information” means know how, specifications, drawings, reports, processes, (technical and test)
instructions and procedures, standards, trade secrets, development engincering standards and data,
functional information and related data, samples, models, and all other technical, business and
commercial information, data and documents of any kind, including oral information but exclusive of any
Intellectual Property Rights to which such Information relates.

1.4 “Intellectual Property Right(s)” means all present and future patent and patent applications, registered
and unregistered designs, copyrights, trademarks, and other proprietary rights, and all registrations,
applications, renewals, extensions, combinations, divisions, continuations or reissues of the foregoing and
other statutory rights afforded by law to inventions, designs or technical Information and applications
therefore.

1.5 Use by a party of Background and/or Foreground of another party shall create no rights other than
those specified under this agreement.

2 Background
2.1 Each party will be the exclusive owner of its Background.
3 Foreground

3.1 The parties agree that all Foreground generated by the doctoral candidate shall be owned by the
partner institution where the doctoral candidate made the inventive or creative step in generating such
Foreground.

3.2 In case it is not clear at which partner institution the doctoral candidate has made the inventive or
creative step in generating the Foreground, and where the contribution of each of the parties is indivisible,
regardless of their respective share of the work, the partner institutions shall jointly control such
Foreground (“Joint IP-Owners™) (“Joint IP Rights”).
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3.3 In case of Joint IP Rights the Joint IP-Owners shall enter into negotiations to conclude a joint
ownership agreement as soon as possible.

3.4 Where no joint ownership agreement has yet been concluded:

°

each of the Joint IP-Owners shall be entitled to use their Joint IP Rights on a royalty-free basis,
and without requiring the prior consent of the other Joint IP-Owner(s), and

each of the Joint IP-Owners shall be entitled to grant non-exclusive licenses to third parties,
without any right to sub-license.

Both rights are subject to the following conditions:

- at least 45 days prior notice must be given to the other joint owner; and

-fair and reasonable compensation must be provided to the other joint owner, taking into account
each owner’s relative ownership.

3.5 Each partner institution hereby grants a non-exclusive, royalty free, non-transferable license to the
other partner institution to use its Foreground if necessary for the execution of the Doctoral Research.

ENTRY IN FORCE AND PERIOD OF VALIDITY

The agreement shall enter in force after being signed by the representatives of both partner institutions.

The agreement is valid for a period of five (5) years after signature and no longer than the expected date
of defense and graduation of the PhD candidates specified in the Annexes.

MODIFICATION — CANCELLATION

The present agreement can be modified or terminated by an additional written and signed agreement of
the partner institutions.

The present agreement recognizes the validity of the completed thesis if the above-mentioned conditions
are respected.

It may be terminated by either Party by written notification with a notice period of six months. However,
that party should honour any and all mutual supervision arrangements in force at the date of the
withdrawal until such time as the last Candidate completes his or her Degree.

The present agreement is made out in two identical copies, which have equal legal force, one for each
partner institution.



At Enschede, on 17-08-2020

Rector Magnificus UT
Prof. Dr. T.T.M. Palstra

=

University of Twente

UNIVERSITY OF TWENTE.

AtHat Yai,on 11-09-2020

President
Asst. Prof. Dr. Niwat Keawpradub

Prince of Songkla University
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ANNEX A

MODEL FOR A SPECIFIC DOCTORAL CANDIDATE
TO
AGREEMENT FOR DOUBLE PHD PROGRAM
BETWEEN
UNIVERSITY OF TWENTE
AND
PARTNER

According to the general conditions of the Agreement for double PhD program between UT and
PARTNER, this document contains the names of the candidate, the main supervisors and further
specifications as requested by the Agreement and/or the Doctoral regulations of UT and the Doctoral

regulations of PARTNER.

Candidate's Name

Family name:
Given name:
Gender:

Date of Birth:

Partner 1:

University of Twente
Drienerlolaan 5, 7522 NB,

Enschede, The Netherlands

Partner 2:

Candidate's admission and
enrolment

The Candidate was admitted to the PhD program

of UT and PARTNER respectively and is registered
at both partners under the Agreement for Double
PhD Program.
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Topic of research and/or preliminary
PhD title:

UT supervisor/s (Prof.):

Partner 2 supervisor/s (Prof.):

UT daily supervisor/s:

Partner 2 daily supervisor/s:

Starting date of PhD program:

Expected Completion Date:

Anticipated periods of stay at UT and
PARTNER:

Note: approx. 50% of the time must
be spent at UT.

UT From To
Partner From To
UT From To
Partner Fram To

Add more if necessary

Arrangements for completing
milestone requirements or
equivalent progress reviews
(Qualifier, annual reviews):

According to UT and Partner regulations.

(specify if necessary)

Arrangements for completing any
coursework and or/training
requirements or equivalent:

According to UT and Partner regulations.

(specify if necessary)

Scholarship (or salary) the Candidate
is receiving. If the candidate is not
receipt of a scholarship or salary
insert “Not Applicable”. Please note
IND minimum must be met for stay
in NL.
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Intellectual property:

No variations to the conditions for Intellectual
Property set out in the Agreement proper.

(specify any deviations if necessary)

Ethics approval required:

Yes / No

Examination

No variations from the Agreement proper.

(specify any deviations if necessary)

11
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Signatories:

This Annex to the Agreement for Double PhD Program between UT and Partner for a specific candidate
[Name] has been agreed by:

At Enschede, on Atz on

Rector Magnificus UT Rector ....
Prof. Dr. T.T.M. Palstra

sis supervisor:
Thithesluisupervisor The thesis supervisor:

The candidate:

University of Twente Partner
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Annex B

The present project proposal is a continuation of two previous double-PhD-projects with the Prince of
Songkla University in Thailand: one for 3 and a secand one for 2 PhD-students. All students defended
their PhD-theses in the University of Twente and based on their PhD-theses were granted another PhD-
certificate by the Prince of Songkla University in Thailand.

The main reason for this collaboration is two-fold:

- Natural Rubber represents about 50% of the world consumption of rubber and South-Thailand, where
Songkla is situated is one of the major producers. The Prince of Songkla University, and in particular the
Pattani Campus hosts the center of academic resources concerning Natural Rubber in Thailand. Within
the chair of Elastomer Technology and Engineering the direct access to the Prince of Songkla facilities
and their cooperation is of major importance to properly cover this special natural material.

- The Dutch Rubber Foundation (Rubber Stichting) fosters the sales of Natural Rubber in Europe and
provides on a yearly basis 40.000 Euro’s for research and development of Natural Rubber within the
chair of Elastomer Technology and Engineering.

The present project proposal covers 2 (two) new PhD-students under the same conditions as the 5
before. Each will spend a year in Thailand first, then a year in Enschede, a year in Thailand again and the
final year in Enschede, to result in a single PhD-defense in the University of Twente. Upon presenting
their theses and documentation of their successful defense they will be granted another PhD in the
Prince of Songkla University, as happened before.

The first candidate will be recruited as soon as possible after July 1, 2020; the second between July 1
and December 31, 2021. Their names will be communicated once they start their first year in Thailand,
with reference to the present cooperation contract.

Daily supervision of the PhD-candidates in the Prince of Songkla University Thailand will be in the hands
of:

Asst. Prof. Dr. Sitisaiyidah Saiwari (former PhD-students and graduate of the University of Twente), Head
of PhD-program in Polymer Technology, within the Faculty of Science and Technology;

Assisted by Assoc. Prof. Dr. Kanika Sahakaro (part-time Asst. Prof. within the chair of Elastomer
Technology and Engineering in the University of Twente) and presently Vice-Dean of the Faculty of
Science and Technology.

Daily supervision in the University of Twente will be done hy:

Em. Prof. Dr. Jacques W.M. Noordermeer, and Assoc. Prof. Dr. Wilma Dierkes, having the ius
promovendi and foreseen as the promotor. Or in her absence, Prof. Dr. Anke Blume, head of the chair of
Elastomer Technology and Engineering.
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1. Project title
Silica-Reinforced Natural Rubber: Enhancing Tire Performance by Optimizing
Hybridization with Secondary Polymers.

2. Name and address of applicants
Prof. Dr. J.W.M. Noordermeer
Prof. Dr. A. Blume
University of Twente
Faculty of Engineering Technology
Dept. of Elastomer Technology and Engineering
P.O. Box 217, 7500 AE Enschede, the Netherlands

Prof. Dr. Kannika Sahakaro

Dr. Sitisaiyidah Saiwari

Prince of Songkla University

Faculty of Science and Technology

Dept. of Rubber Technology and Polymer Science
Muang, Pattani 94000, Thailand

3. Background of the project

Tire tread compounds reinforced with silica instead of carbon black have found great market
acceptance, as this technology offers the possibility to overall raise the “Magic Triangle”
performance of tires: reduced Rolling Resistance (RR) and resulting fuel savings, reduced Tire Wear
(TW) and better Wet Skid Resistance (WSR) [1]. This technology has been implemented primarily
for passenger car tires for the following reasons. Because of the large difference in polarity between
the commonly apolar elastomers and the highly polar silica, the two have no natural compatibility:
the silica will not mix with the elastomers, nor will it enter into interaction, like carbon black does. In
order to overcome this large polarity difference, so-called coupling agents are employed, bi-
functional commonly silane-based species which have a dual functionality: on the one side the
ability to chemically couple to the silica-surface, on the other side to chemically couple to the
elastomer molecules. So, in spite of the large polarity difference, the strong chemical bonds anchor
the elastomer molecules on the silica surface. This in contrast to carbon black, where the bonds with
the elastomers are physical of nature, appr. 10 times less strong. This strong bond “survives” the
deformations of a rubber tire tread in operation much better than for carbon black. Reduced
hysteresis is therefore obtained, which is the cause of the reduced RR. On the other side, the lack of
interaction or maybe even repulsion between the silica particles and the remainder of the elastomer
molecules, which are not directly bound to the silica, makes the tread behave a bit as if there is no
reinforcement present; softer on a nanoscale, which benefits increase WSR.

With the present drive towards electrical traction f cars to replace those running on mineral-based
fuels: gasoline and diesel, it is to be expected that this technology will progressively gain more and
more importance. For a gasoline- or diesel-driven car the fuel savings with silica-based tires are in
the order of 5% rel. to carbon-black reinforced tires. The main reason is the poor energy efficiency of
traditional Otto-engines, for which the net energy-use is only about 35% (and 65% lost), whereof the
RR takes about 1/3 or 10% of the energy contained in a liter of mineral —mineral oil based - fuel.

14
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RR-savings of appr. 40% then translate to 4-5% fuel savings. On the other hand, the energy-
efficiency of electrical engines is way better: 80% and more, so that 40% savings on RR will
translate into 11% fuel (electricity) savings! By all means this will encourage the use of low RR tires
much more than at present, a reason to vigorously try to further implement this technology.

However, in order for a silane coupling agent to properly be able to bridge the enormous polarity
difference, in particular to have sufficient reactivity towards elastomer molecules, the elastomers
have to provide a sufficient amount of highly reactive groups towards the coupling agent. Commonly
this is achieved making use of the so-called thiol-ene radical reaction, where thiol-groups are well
known to be very reactive towards so-called vinyl-functions of all sorts. With the coupling agent
providing the thiol- or sulfur-radical group, the elastomer molecule has to provide the vinyl-
functions. For that reason, the original silica-technology was limited to synthetic elastomers, in
particular Solution-polymerized Styrene Butadiene Rubber (SSBR). Only anionic solution-
polymerization enables to produce SBR’s with appr. 50% of the butadiene moieties in the 1,2-vinyl
configuration. Contrary to e.g. the older emulsion-polymerized SBR (ESBR), which contains on
average appr. 10% vinyl-groups. The high glass transition temperatures of the SSBR due to the
vinyl-moieties is then compensated by the admixture of high-cis poly-Butadiene Rubber (BR). These
“softer” rubbers lack strength in comparison with ESBR or Natural Rubber (NR), the reason why
this technology so far is mainly applied in passenger car tires. An additional benefit of the
combination of high-vinyl SSBR and high-cis BR is their miscibility on a molecular scale. What
provides natural compatibility.

Also in truck- and bus-transport the drive towards electrical traction is coming more and more to
the foreground. Truck and off-the-road tires require per definition the use of NR, because of its
extreme strength relative to synthetic rubbers needed for the greater wear-resistance. Furthermore,
because of the local availability of NR in Asia, there is a tendency in that part of the world to also
use more NR vs. synthetic than in the European and American hemispheres. So the implementation
of silica-technology in NR seems to be self-evident. But ......... NR contains by nature 0% vinyl-
groups! So the thiol-ene reaction cannot proceed to the same extent as with high-vinyl SSBR. Other
approaches need to be developed to still achieve proper bonding of the silica to the NR.

The Elastomer Technology and Engineering department of the University of Twente, with its
earlier experience in silica-technology for synthetic elastomers, has primarily on basis of funding
from the Dutch Natural Rubber Foundation (RubberStichting) by prior work of former PhD-students
Kaewsakul, Sengloyluan and Sattayanurak accrued a lot of know-how on the combination of silica
and NR: on basis of virgin NR, on basis of modified NR (epoxidized NR) and on blends with other
elastomers [2-5]. Where epoxidized NR already brought quite some improvement, the problem with
this polymer is, that it does not really breakthrough in the market and therefore remains available
only in very limited quantities (primarily as basis for wall-paint) [2, 3]. Particularly the preliminary
experiments, several chapters in the PhD-thesis of Sattayanurak, have demonstrated that there is a lot
to gain by mixing other elastomers in varying quantities with the NR, but also to optimize. In this
way still progress can be made, as shown in the last chapters of his PhD-thesis [4].

4. Objectives of the project
There is an enormous amount of different synthetic elastomers around to choose from. It is not
considered feasible under the present circumstances to start to synthesize different elastomers
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ourselves, by lack of experience and equipment. The work will mainly be based on proper selection
of elastomers commercially available these days: straight polymers and modified ones.

For passenger tire applications, the synthetic clastomers approach, the exact types of
modifications and which basic elastomers are used, are not fully communicated in the market. But on
basis of patent searches combined with the limited information of the suppliers a pretty good
impression of such modifications can be obtained.

For NR-based truck and off-the-road tires, this field is still fully open. Basically because there is
still only limited use of NR in the field of low RR tires. The main objective of this project is, based
on the preliminary findings of Sattayunarak, to further optimize the technology by admixing
synthetic elastomers to improve NR’s performance making use of first: straight, unmodified
elastomers as commercially available; and second: modified elastomers, as far as we can obtain from
various sources.

The primarily aim is, as based on the prior background, to let these other elastomers take over the
role of the thiol-ene reaction, and use the NR-phase for the wear- and tear-properties. The glass
transition temperature of NR is by itself very low (-72 °C) which allows for quite some freedom in
the types of elastomers: they do not necessarily have to be of the high-Cis Polybutadiene type.

Therefore, the project should involve 2 phases:

In the first phase commercial, non-modified clastomers SSBR and BR and possibly synthetic
Polyisoprene (IR) should be investigated, further to the prior work of Sattayanurak. Particularly
within the BR-field there are numerous different types available. Similarly, but to some lower extent,
also the SSBR-family offers many options. The influence of types and amounts of these different
elastomers in combination with NR as the main phase need to be researched in view of the main tire—
related properties: the Magic Triangle.

The second phase will be devoted to modified elastomers. This phase will take more preparatory
time by the need to search the market for proper alternatives and accrue information about what the
modifications are and what they supposedly may bring [5].

Processing of these mixtures needs to be characterized and needs to be optimized for optimal
performance. Both mechanical and dynamical properties of the various compounds shall be
evaluated in relation to the main tire-related performance characteristics.

5. Scope of the project

After a first screening — based on the prior work of Sattayanurak — the best possible
combination(s) will be selected for more in-depth investigations to provide mechanistic insight in
why these optimized combinations work like they do, rather than just restrict the outcome to mere
observations. This is to raise the scientific level of the research, resp. to create a basis for eventual
further developments and to anticipate any problems which may surface during the commercial
implementation phase.

Aspects of miscibility/compatibility on macro (> 1pm) and micro/nano-scale (< 1 pm) need to be
investigated and - if possible — finetuned. Synthetic IR is the best option in this context, because it
shares with NR the Polyisoprene polymer nature giving miscibility. The anionic polymerization
technology of the IR may provide vinyl-groups for the thiol-ene reaction. With BR a very wide range
of microstructures are available, from nearly 100% cis- to nearly 100% 1,2-vinyl. The latter has a
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high glass transition temperature, but in combination of the very low glass transition temperature of
NR this may still work. The variability of SSBR is a bit more limited, but may still give a positive
outcome, as the preliminary work of Sattayanurak has demonstrated.

6. Scientific and technological impact
The better balance between RR, WSR and WR of'silica-based NR compounds will encourage
more use in future tires based on NR, for truck tires as well as for passenger car tires. The need to
use more nature-based materials instead of those based on fossil oil in combination with the drive to
electrical traction poses a strong pressure on the community to find alternative raw materials vs. the
presently mostly used synthetic ones. NR is by nature most prominently poised to play an ever
increasing role in this field. Apart from the purely scientific outcome of such a project, the results of
the present project will definitely further promote the use of NR in the tire industry.

7. Requested funding from the Dutch Rubberstichting.
Personnel: 1 PhD-student for a period of 4 years.

8. References
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2 W, Kaewsakul: “Silica-reinforced Natural Rubber for low rolling-resistance, energy saving tires:
aspects of mixing, formulation and compatibilization”; PhD-thesis April 18, 2013; University of
Twente, the Netherlands, and Prince of Songkla University, Pattani campus, Thailand. And
published papers based thereon.

3 K. Sengloyluna: “Silica-reinforced Natural Rubber: use of natural rubber grafted with chemical
functionalities as compatibilizer”; PhD-thesis June 25, 2015; University of Twente, the Netherlands,
and Prince of Songkla University, Pattani campus, Thailand. And published papers based thereon.

* 8. Sattayanurak: “Silica Reinforced Natural Rubber: Shifting Tire Performance by Hybridization
with Secondary Fillers and Polymers”; PhD-thesis to be defended February 14, 2019; University of
Twente, the Netherlands, and Prince of Songkla University, Pattani campus, Thailand. And
published papers based thereon.
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1. Project title

Investigation of Rubber Degradation during Mixing in Silica-Reinforced Natural Rubber-based
Tire Tread Compounds

2. Name and address of applicants

Prof. Dr. J.W.M. Noordermeer

Prof. Dr. A. Blume

University of Twente

Faculty of Engineering Technology

Dept. of Elastomer Technology and Engineering
P.O. Box 217, 7500 AE Enschede, the Netherlands

Prof. Dr. Kannika Sahakaro

Dr. Sitisaiyidah Saiwari

Prince of Songkla University

Faculty of Science and Technology

Dept. of Rubber Technology and Polymer Science
Muang, Pattani 94000, Thailand

3. Background of the project

Silica-silane technology has been known to offer tire tread compounds with lower rolling
resistance (i.e. more fuel or energy efficiency) and wet grip (i.e. better safety) while maintaining wear
resistance compared to conventional carbon black-filled ones. The technology was primarily developed
for passenger car tire treads based on synthetic rubbers: solution styrene butadiene rubber (SSBR)
blended polybutadiene rubber (BR), and later extended to truck tire treads based on natural rubber (NR).
Tire technology development is driven by the (never ending) needs to produce tires with better
performance as well as more environmental friendliness. The tire tread compounds should provide lower
rolling resistance, better wet grip and ice traction, less CO, emission, enhanced durability, less noise and
more use of natural-based resources. For the tire industry, a shift of carbon black-reinforced tire tread
compounds to silica is not straightforward as there are several challenges to be overcome. Successful use
of silica in rubber compounds requires sufficient bonding and/or interaction between silica and rubber
interphases which can normally be promoted by the use of sulfur containing silane coupling agents such
as bis-(triethoxysilylpropyl) tetrasulfide (TESPT). The mixing of silica with silane in tire rubbers involves
a chemical reaction, so called silanization, and needs to be optimized based on both mixing
conditions/procedures and formulation employed. Based on our previous studies on synthetic rubbers'?
and NR**, mixing temperature is the most prominent factor that influences the extent of the silanization
reaction and thus compound properties, providing the suitable type and amount of silane coupling agent is
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used. For the silica-TESPT silane coupling agent combination in SSBR/BR compounds, a mixing
temperature of at least 130°C is required to ensure the occurrence of the silanization reaction, whereas the
reaction between coupling agent and rubber or sulfur donation from TESPT that leads to pre-scorch occur
at temperatures above 160°C."? Enough mixing time is also necessary to obtain sufficient silanization.

For silica-reinforced SSBR/BR compounds, the optimum dump or discharge temperature is
recommended in the range of 145-155°C"%, whereas more sensitive NR shows an optimum at a little
lower dump temperature in the rage of 135-145°C?. It is well known that NR is prone to degradation® and
excessive mixing of silica-silane-NR at high temperature leads to such degradation.’ However, there is
neither clear evidence nor an in-depth investigation to explain this NR degradation during silica/NR
mixing. There are many open questions left that shall be verified, such as: is it really NR degradation
taking place during mixing; to which extent is NR degraded; what parameters and/or additives influence
the NR degradation; how does degraded NR (if occurring) affect the compound properties; and so on.

Therefore, in order to better understand the NR degradation phenomenon when this rubber type is
used either in pure form or in blends, an intensive and in-depth study shall be carried out. By
understanding the phenomenon and its causes, it is expected that better control of mixing can be planned
to minimize the degradation and enhance the final properties. Degradation of NR will be characterized by
various methods such as by monitoring the viscoelastic response as analyzed by a Rubber Process
Analyzer (RPA), structural changes by Fourier-transform infrared spectroscopy techniques’, and thermal
properties. Change of molecular weight may also be studied. Degradation mechanism and kinetics shall
be explored. The compound properties both before and after vulcanization will be evaluated with a focus
on tire tread-related performance. It is expected that the knowledge developed from this project will be
beneficial not only to the tire industry that utilizes silica-silane-NR mixing for tire tread applications, but
also to all NR users that may apply the knowledge to maximize the advantages of NR.

4. Objectives of the project

As degradation of NR during high temperature mixing needed for the silanization is one of the
concerns, the phenomenon should be elucidated in order to get a better understanding when silica-silane
technology is used for silica-reinforced NR-based compounds. An investigation on a practical rubber
compound that contains fillers at high loading, process oil and various additives will be a challenge as
analysis of any changes caused by the degradation process of NR will be complicated. This is not only
because of a mixture of various components that are mixed into NR, but also due to the competitive
reactions between the silanization and degradation that may balance off some compound properties and
cannot be used to judge the NR degradation. Nevertheless, the effect of some key ingredients and mixing
conditions of silica-reinforced NR-based compounds on rubber degradation should be investigated. Tire
compounds related properties such as processibility, cure behaviors, filler-rubber and filler-filler
interactions, mechanical and dynamical properties of the rubber vulcanizates will be evaluated.
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The project should be executed in 2 phases:

In the first phase, degradation of NR during mixing of silica-reinforced pure NR will be
investigated. The influence of mixing temperature will be first studied along with the exploration of all
possible techniques that can apply to indicate the degree of degradation in NR. At this early stage, mixing
temperatures will be varied in a wide range in order to cover from none or very little degradation to the
expected severe degradation stages. After the proper characterization techniques are verified, then the
influence of chemicals such as coupling agents (type and amount) and antidegradants or stabilizers (type
and amount) on degradation shall be explored. Molecular alteration of polymer will be analyzed and
related to the compound properties.

The second phase should focus on NR-based blends with secondary polymers: SBR and/or BR.
The aim is to find out whether or not the mixing condition window is affected by the presence of the
secondary polymer. As degradation analysis of each rubber type in silica-reinforced blends may not be
possible, this part will be based on assessment of compound properties both before and after
vulcanization. Some characterization techniques such as thermal analysis may also apply in an attempt to
observe any change of molecular characteristics.

5. Scope of the project

Two different silica-reinforced tire compounds will be investigated; one is based on pure NR and
another are NR-based blends with secondary polymer (SBR and/or BR). Various mixing conditions (i.e.
mixing temperature and time) will be varied. The effect of compounding ingredients with emphasis on
silane coupling agents and stabilizers on NR degradation will be studied. Various characterization
techniques will be explored for their feasibility to be applied for degradation analysis, including
rheometry by means of RPA, infrared spectroscopy, thermal analysis, for example. The compound
properties related to tire applications will be evaluated both before and after vulcanization.

6. Scientific and technological impact

Better understanding of mixing of NR with silica and silane for tire compounds and its
degradation viability will lead to a better control over mixing that will eventual affect the final properties
of the vulcanizates. The knowledge developed from this project should be also applicable to other
applications that make use of NR. The successful use of NR with minimized degradation and maximized
performance will encourage more use of NR which is a renewable and natural-based material.

7. Requested funding from the Dutch Rubberstichting

Personnel: 1 PhD student for a period of 4 years.
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