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3.2 WU 1.2
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AANSANEIN 1
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AT 4 NITIANTEUIUNNTITIUS

1. Wleu1eN15IANITETEUNTTEOUVBINININGITUERVAUATUNS

TnevidngasiifiuuuunsdanisSounmsasu deil

1) dnginidamsfnvidaysannsmadeudiunisiinu (Work Integrated Learning:
WiL) witeliiAnnsBeuiianansauifauldas wu msseuiiiiunisasiieriness
nsNANRATUMI BN UsraunsaiaTeuentiesSeunuanfunnFeuluieaeu iy
sULUUYRINIANY1ATY Msilnam aviadnw msvihauitedses Wusu Tnedeli
eAniiaeaunsn WL litfesninfesas 50 vesneivlumdngms nsdififinrmsmilody
WIBNUIIVNNT $PIa A wastenwu Tiseylisie

2)  MVUAMIENITINNITSHUNITABULUULTAIN (active leaming) LitipuninTaway 70 ved
e lunangns

3)  mvualiynsednldniwsinguiulunisdnnisnisseunisaeulitesnindesas 50
Y43 IUNANGNS

2. MINmuInuanyMzvasinAnelunangns

AMENYULVRIINANYI HadWsn15eusvameangns (PLOs)
AnidnwazyAnaraly
1. Social engagement and PLO5 UFtAnueglusyilouite Sanudedndqain 3
environmental concern AITLIUTTUNINIYING UALINEETOUE
2. Critical communication PLO3 Timalulafansaumaiionsdududoyauazns
SguImunuLes

PLO 4 3nneTadnnnsniw lneias nendingulaaeg
gNRDIaTASIUTEIAU
PLO6 UfURnusuiugdulugugiihuasgmuiialv

ussa maneluesdng
ANENYTUARAAINIYN NI DFANERS
3. Professional research skills and PLO2 313 sonuuukazdLiumATeldnunnnsgidy
ethic LAY DY ULALILDTTIUTIUMININS

4. Innovative polymer technologist | PLO1 @319aeAnuslmivauinnssusunadiues e
WAILTINAUYIONTYUIUNINENVDINENT I 1NVTE N

LB IAEANTNDIAINUSITULALNANTENUMADELLINA DY
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A1TUEAIANNFNNUTIENIINATNS NS RBUSTEAUNaNgAIAUNINIFIUARAISEAURANANET W.A. 2565

9 9

HAAWSN13ITEUS WAAWSNTS | WaAWSMIS | A3 | vinwe | Q38539 | Anwaizuana
JAUNENEAS (PLOS) Seuinaly | Beudianiy
PLO1 @3190eAnvainse v v | v v

wianssusunedwes e
W IngAUYIaNIEUIUNT
NANUDINANN NSO NDR
woslnodimudduuas

HANTENUABALINABY

PLO2 5151 09NUUULAY v v v v

AtiunwIdelanunnsgu

[y

198 wazeguuNugIU

AFIYIVTTUNIIVINIG

PLO3 Towmaluladasauwmne v v v
\ieNTsAUAUTRLAKALNTS

ISEUIMERULeY

PLO4 AWn¥daivInis v v v v

AMwivelazawdingula

a819NABIAZATIUTTAY

PLO5 UfjiRnueaglussideu v v v
a o IS A o & a

Al e uTednd ga5m way

INAGITUL

PLO6 UfjiRcusauiugduly v 4 v v

Fruzglavmuieliussa
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4. HAdWSNITEUITLAUNANGAT (PLOs) NAgnS / 35N1580Y WAz nagns / Isn1sdiauaznisusziliuna

NAEWSN13I38USTEAUNaNENSs (PLOS)

nagns / A5n1sdoy

nagns / Wn1siauazn1sussiiiupg

PLO1 a¥vesAanuilvaivizauinnssudunediues tive
WA INOAUNTONTTUIUNITHARVR NGNS T8 1vSoNed

WBSIAYANTNDIAIUSITULATHANTENUA DAL INA DY

1. NMIITYUNTABULUU Active learning laglisaniuy
Handusieuaznedwesinediatmansynuse
Aawndon

2. Infnssunsseunsaeulvigiseuilonaussend
aulumsudletlan FeuduezuanivdsuiFeudsmiily
e

3. dansFeusiiniurinuensAsiieneiuasdaunsiz
Toya rulanddgmanmagpavnssuuasdymiiu
Ussifumsdsnuaziinansenusedsandes

a. nssulsiindnundunindeyarionnuslmiieaiu
wmsuANUasafeuazansEUseALIndoN

5. m‘mawmﬂﬂszﬁﬁﬂm%aLﬂuﬂﬁgmﬁLﬁmﬁ‘ﬁué’huﬁwﬁqﬁq
wnspumLUasafeuazkanszusedundonly
QRANVNTIUNORDS

6. InfnssulinAnwuseaiannnuiauvaniznisenu
weluladnedwesiieldutanssulunisneulansdym
Aenfutaniifauifninay vionsudsuiiiszavsam
wnfuilinlugnamnssunedies

1. Uszlfiuannnsuaniannneninumn danavinwenis
AIATERUATEUATIZI

2. Usziliua1nnanssu Active learning

3. Ussiluanmsduudeya msduaiilelideyaun
Uszneunisanaula

4. UsziunaannIsilgus1gularnslauny

5. Usziliuannmstiausnudsslusigdsnduuwn

6. Uszliiunaannsaoulauslasisaine inueg

7. Useiiuannmstasnuinenidnus

PLO2 3133 9onukuuwazatiuaidelaniuuinsgnuide

LLazagjuuﬁugﬂu%smmmmﬁmmi

1. Foilvisinsi3ousuuy active learning InLA3esiionsa
WunsUHTR n1seunauazInIeiNg

2. ﬁuﬂiwmuﬁé’faﬁﬁmqwﬁ%ugwﬁ'mﬁ“‘uLﬂ'%'aaﬁa'ilmwﬁ
ilensfnwanideiidutou BeufuazuanivdouiFeus
saiuluduso

3. MsueumnensaAndaduilymiiinduly
geavnssunedwes s enlym uaziausuuziul
mauflulagidonltiniesinsuussy ndeslonaaounay
inseslefinevifivsnza

1. Uszilluannnanssu Active learning

2. Uszidiumnmsdududeya msduaiiielideyain
Usgneunsanaula

3. UszliuannnisilausiulumsuansanuAniunasnng
sfusglumsuaniUdeuGous

4. Usziliunaannnisideusioau msiauenluduteu
LazMIE 9B maTLYeILDY

5. UssifiumuSuiinseuannaudilasuteuing nsasee
navesthAnwlunsdduEsularnsdey
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a. msliin@nweenuuumddondesedeniadesing
wls3u insesilennasuuazialesdiodinsesinldlunside
uazWsulasesnaineinusmenuesuaziiloleymlung
M98/ Aneinusmenuio

5. idnfnwiinsezideyauazuiludaymilunsyiiide/

NN USAIYAULD

6. Uszilliunannnisaeuinauaudf uazn1saoulauelns
ONYMNUS  ASUBFUBANUAITUNINWITY
7. Usziiuannnstaeanuinednus

PLO3 THinalulagasaumeiitonsduAudoyauazns

SguimenuLes

1. nMsuaumnete U/ Mde13esiiAgaUesiunuidy
TiinAnwAuall Yssnulazauey

2. iinAnwiausnulaedontdnaluladasaumai
wungay Fanmdanaluladansaumanisadaaansiaz
ane

3. daasuliinumsUssgivnsiie iAan swude
wan wWasudefniu sufesdernus uasimalulaglmifu
UNIYINTAE

4. daasuwazatvayuliindnyidnsiufanssunimw
ANUARLGUTENOUNNSTITAlaguv e deLardIu

QiinA wu Tasansiduniaduiniiyd (Research to
market, R2M) 1A59115 Rubber Hackatormn 1usu

1 Usziflunannnsududeyaiidussdnuslg
AABAIUNITNNINY

2. Uszdiunnuaannmnigldaniunisalisiingg

3. Uszillumunauansesnuazia@usauanmiulung
NIsUseNLIRINTINAEUDN

4. UszidiuannnsdanangAnssuuas n1suansonnues
tnfnwluvazihAanssungy

5. Usztllunaannnsfisusneaukas nsLauedny

6. USZLIUNAINNNTINENUAUNINUNIVBNIUIVELAS NS

dautaanuing inus

PLO4 Amndalnnnismenlneuazniwsingulaedis

4 @
QNADILATATIUITIAU

Lapulagiiuiinyensita wa 611 Weu laglanie
Me8Ingulutuzeuduun

2. afuayunsiinsmRanssudidedliinuennsdoans oy
fanssu Sci-Grad Symposium, $1UUTEYIYINIT UTTYY
fiuey maaueluiine seneluazaiouoneo

3. atuayulidnsiunsuss gl sseiuinas seau

o

wnnd luguzgiiauenanside vielugmuegiinsi

N5 warnseAuliinnisuaniuaeudefniiuds

1. UsziliuannmsaeanslutuSousas nsiauelund
$1499)

2. Uszifluannnisuanseananudndiuluaiiiunnis vse
LAUIRNIINAEUBN

3. Uszliiuannends Tolduslasinis 1891398 unaanu

o

3

D

4. Usziiiuannmsuieue nsanu/neuilaldnsinnanssy

NIIVINITUAZNBUWINAIIUNIIVINTT
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1M1 nsAulAdSeugnaw wagnauAay wanUiey
walulaglminuininnisaneglagldnwnineuas

AYIBINY

o

dn 1.nsueumnedelam/idedediiedesiunuide
Tinfnwduat vsenusazinauenulunaididivue
2. YgnilslvidnAnwiilszieuile wisnngszidevnay
UaURAUAIGY) VosdIAL daasunisildiusiuiudsnuiazil
VAT

3. masfunuveefifvesenansed nsaenunsnANsTIY
sessaulumsiSeunsaounlutuiey waznsvin

INeINUS

PLO5 UfjURnuegluszileuie danudednd aa3n wavin

d18190

1. Uszifiumnmsvhaudilduseumne/snenwns
Wieue

2 Usgifunaamnmsdududeyaiiiussdauilia
AABAIUNTYINIVY

3. UszAllunaInseus I8 uLAE M LEURIY

4. UszluNaINNITINEUANATINEN 01 IUIBLaENNT

dautaanuing inus
5. Usetiiuannunanuidde audvsing &nSUns 193a31n
A15U5ENIA WISTU MARTUINNIIWIFY

PLO6 Uﬁﬁaqmﬁmﬁ’uﬁaﬂumugﬁﬁmagﬁmm 1. dnUszaunsallinAnwkanseanlunisyinausiuiu
U *9 Y Y '

Hou

U

2. Ygnilslvidn@Anwilszievuide wmswngsadovnay

YoUIAUAI99) VO9dIRL duaiunsidunuiudiaulazil

INANTITUY

3. N3 lunuueg9fvete19138 N15aEARNTNAMEIIY

g3usTaulunsSsunsaounsluTwS U wazn15vi

INeINUS

wiolvussaumanglusadns

1. Uszflumnmsvhaufildsuneumng/seaw/ns
diaue mstduslunsuanaanuandiusarnis
aAUTe

2. UsgluNaannISeus1891ULaEN1TELEUB Y

3. UszUNaINNITINBNUANNATINEN DN IUIIBUALNNT

dautaanuing inus
4. Yszifluannunandide ayanstng @viuns 51938310
A5USENIN WISTU MAATUINNUITY

5. WHUTILEAINIINIZAANUSURAYOUNAGNSNSITEUSTZAUNENgAT (PLOs) 51837 (Curriculum

| 91884 Introductory R ¥u18849 Reinforce

Mapping)

M %u1899 Mastery

{{

Ui HAANSNTsEUSIEAUNANEAS (PLOS)
19991 / YAV waz vidaein
' PLO1 | PLO2 | PLO3 | PLO4 | PLO5 | PLO6
NAIYIUIAY
741-501 4930 1: inwgddguavduuw 4((3)-3-6) 1 ’ | ’ R ‘ | ‘ R ’ | ’ |
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PUINIVIINGNTNUS
741-530 Iefinus  48(0-144-0) 1,2,3 M
741-5313n890nus  72(0-216-0) 1,2,3,4 M
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6. asrUsenauLnNelnuUsTaunIsalniIaguy (NSENIIL wsarinauAfin)
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7. YaNIRUANEINUNITNIIATINIUNTBIUIY
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ANULHUNISAN Y

7.1

7.2

1.3

NISM38UNS
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Ineniinug sdoinerdnusuazteulunsdiianisinm

MaNgHT" Lare1sEUI v aeninusinsimuadaluslimuInwundnAnely
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nangns™ wagmhenuiudindnuvszdiaae fnsdafanssud etfinyuinuedy
ny3dgliuntndnyl ey susuimadanisivaudeya susuidnisdeulaseasa
AN1INUS IRUsUTIURURNWEUUNALITY ausunSnddun1alagl N33
Aanssu Sci-Grad Symposium tHudu

AsUsTLEUNG

1.

Uszifiunsdavin nsaeu warnslduenialasssneinerinus Wi fuali
Unfnw wku 1.1 uag 1.2 funisaesunazlasueudilasesnsinentinus nelunie
MsAnwd 1 veslnisfnundl 2

UnAnwideniiauesignuauiIminIng inug laedinsussliuanuinimiives
N3N NUENNAIANITAN

tnAnwiinisasuinerdnudlasnssunisaeud aluenansduszmangns uas
Ansagandneueniminetds slitosnin 5 au wazlisenuifoniden
sULUULaY ST IIaIndngasimuneeaaTinin
tndnudesduauinerdnusatvauysainuguuuuiiuminedeasvaiuaiuns
fvun nieumsdiansAnuinuivdngnsazaviinedoasuaiueiuniivun
i Snsmeunsnanuinginudviodnumilweinerinusludnvazvoinisussy
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8. AMUANANIIVRINAGNSNTFEUSIaTUTNSANE

8.1 nangnsuny 1.1 (dwiuddusanisinunszaud3yailn)

f—_%e‘
&b

188N

PLO

PLO

PLO

PLO

PLO

PLO

— | =S

1. fiaudineaiuiagnediues lagiduianes

2. fenunerfvansieildmsuens n1srounIua
NILUIUNITHER

1
v
v

3. deanuslusesmsnaaeuaudd nsiasIEn
HAVAHBU WavUINIFIUNITNAARUTNEITRITU
gRaNsINNeAUDs

AN

4. \@anlYA309ilalunnsIve LARYIaNAEDULAY
= A a MY 1 a a
LASDILDIATITN PR 1aTUTEANS AN

5. fvinwgrlunslawaluladasaumaianisauau
ToyatananTIvINTG kagmMIATIeRvays

6. WAILIUDLEUBLASINITIVEN A 1UNALLLAE 8N4
LATNOALDS

2-3

o a a o I =3 (Y]
1. ALHUNN5298 2819 UUSEUU Yaonne ANy
UINTFIUDTETINANS Fodnduasiiny

2. Gvinwglunsldwaluladasaumaianisaunau
Toya ITeTNLIToe wazsuusadine

3. IinwelunisBeuslamenues Aviunalulad
uaglaIANUsLeiauInuLIeg sl

4. @upwnfnnasivuakuUUalunisuily
UgymiAntuainnsaiiunisive

5. Ussgndesamnuinamumalulagwedwesiuly
fuamAde Weslesmnufifeatumeluladweduos
fumansdue vieddmiiFeudifimAuan
namAdeiteInedinus

6. hAnusuazran1TIdeunldUsylovluazunly
Ty lnsAndlafaunasgiunnulasnionas
HANTENUADFILINADY

7. adnassAesRAuIvseuinnslnlannuide
WenaulangUamlusuide

8. UlauadeunstNtedng q93n uagInIndii
Fwnsegaiuseansam Ianudulalunisdiaue
LAEININEANUARUUNENNTVBING ¥ 1EaNG

9. Iinwelun1sBeuslamenues Aviunalulad
LazuaINANUSIeNRUIAUEIRE s BLTBY
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3. Ianu3lusasnisnaaeuandi n15iAsIen
HAVIAFDY WATIIATTIUNITNAFR UMY
gnaAvNIIUNDALLDS

AN

4. \@anldA309ilalunnsIve LARYIBNAADULAY
LASDILIATIZN teagnallusEANS AW

5. dinwelunmisldnalulagansaumaivenisduau
ToYalananTIVINTG karm AT Ienteys

6. WAILITDLEUBLASINITIVEN A UNALLLAE 8N4
LATNOALLDS

2-4
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UINTFIVIUFIINAING Fodnduasiivy

2. Gvinwglunsldwaluladansaumaianisaunu
Toya NUITeTNLDe uazseuiadine

3. Iinwglumseuslamenues AMviumalulad
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YUY S1UaLIYn PLO | PLO | PLO | PLO | PLO | PLO
i 1 2 3 4 5 6
6. thauiuasnanITeunliuselovivazuly v v

Ty WngAniladaunnsgiuanuasnsdonas
NANSENUR AN
7. a¥sassresrmuiseuinnssalminneudde | v vV IV |V
diomauTandtamluanuise
8. thiausteyaodsdodnd ga3n uazinndids VIV |V
Jnsesnaiusyavsnin danuiulalunsiaue
Ly INNYANUARUUNANN1TVD MG ¥ E19TIAKa
9. IinwglunsSeuslacmenuies Aviumalulad ViV V|V
uazuaamAuifieinnauesegseiiles
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an1unIalig 9 leegramungas
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AN 5 AunianuazAnanInluNIsUIMIUANgNS

1. msuImminens
1.1 msuImssudssana
Ay / ndngstaaTsaulssnuusuiukarsulssnaiuneldifedndems doniaiou
msaeu lanviryUnsal uaviagasiasiaeuiiamesegaflvmelfioaiuayunisiiounis
aovlufuidsunaraisanmnndeliomnyanfunadoudienuowesinfne

1.2 n3wensnisieunisseuiislagiiu

1.2.1 anuiiGeunagsiesufoinsmelusmiinendouagninenuneuon

1.2.2 gunsaimsaeu demsaeuliieliUszneunisaeunedeinsd W refines Lesed
LUsinmes “a

1.2.3 Hesaynanvinm ileuimsmilede M1 uavszuueIetngnouinmes (Wireless)
Weuinsmsduduteyanisdumesiin

1.2.4 emsagiusiuanrivieluladenuaznediues il
(1) 13esilousguens

WATDINANKUY 2 gNNAS (Two-roll mill) $1u3u 6 1AT83 Usenausie

- Two roll mill ¥u1m 10”7 x 20” §1U 4 A3
- Two roll mill u1A 6”7 x 12” §1U 4 we5eq
\3eamaL1wuLTn (Internal Mixer) $7u7u 5 1A30 Usznaudae

- Internal mixer YUINAINNTY 2.5 09 91U 1 L?ﬁ'a\i
- Internal mixer YU1MAINAY 0.5 a3 U 1 Lﬂéa\‘l
- Internal mixer ¥W1AAINY 80 ladans $1uau 1 1edes
- Kneader au1aA33q 3.0 &ns §1UU 2 1A30
wdeatamludensuuunadn (Vulcanizing press) $1uau 6 wides Usznausie

- Vulcanizing press 9u1n 12”7 x 13” $109 3 1eded
- Vulcanizing press 9u1A 157 x 157 $109 3 1eded
- Vulcanizing press 9u 18” x 18” §1uU 2 weideq
- Vulcanizing press with cooling systemauia 15”7 x 15”7 §1U 1 1A309
\3padndngiaesens (Rubber extruder) $1u7u 2 1A303 Usznausng

- Hot feed extruder vun&ng 1.5” §ruu 1 wdeq
- Cold feed extruder vungng 1.5” $1unu 1 1edes
IA3IANALABTEN 3 Qﬂﬂgﬁﬁﬂu’]ﬂgﬂﬂgﬂ 6” x 12 §1U 1 1A304
Lﬂ%qamﬁugﬂmq (Rubber injection molding machine) $ruu 2 1wdeq
(2) \3esilonysgunanatin

- Single screw plastic extruder, L/D = 25/1 U 1 Lﬂ%‘laﬂ
- Twin screw extruder U 1 Lﬂ%lafl
- Plastic injection molding $1U 1 1A309
- Blow film extrusion line §ruu 1 1A309
- Plastic recycling unit $ruau 1 wedes

- YpdATILINeAs U 1 1AT8N



26

(3) LATDILDIATIEN

- Oscillating disk rheometer, ODR U 2 Lﬂ%"aﬁ
- Moving die rheometer, MDR $ruu 2 wedes
- Rubber processing analyser, RPA $ruau 1 wedeq
- Moving die processibility tester, MDPT $10u 1 1eSed
- Mooney viscometer $1uu 3 1edeq
- Dynamic mechanical analyzer, DMA 8000 $ruau 1 wedeq
- Thermogravimetric analyzer $1U 1 A3
- Tensile testing machine $ruu 2 wedeq
- Capillary rheometer $1U 1 1A309
- Electric densimeter $1U 1 A3
- Friction tester §11U 1 1A309
- Dielectric test fixture $runu 1 wedeq
-Q-UV Fm9u 1 1Adeq
(4) \n3esiloatiuayunTIde

- Lﬂ%@\‘iﬂgﬂia‘ﬁg U 1 Lﬂ%"@\‘i
- Lﬂ%@ﬁLﬁ]’]giaﬁg U 1 Lﬂ%‘laﬂ
- Lﬂ%@\‘i‘lﬂiaﬂﬂg U 1 Lﬂ%"@\‘i
- LQ%QQL%@NIWWW U 1 Lﬂ%"@\‘i
- Lﬂ%@QL%@NLLﬁﬂ U 1 Lﬂ%‘laﬂ
- Lﬂ%@ﬁﬁﬂia%%LLUULLu’léﬂ U 1 Lﬂ%"@\‘i
- Lﬂ%@\‘iﬁjﬂiaﬁgLLUULLU'lﬁ']U U 1 Lﬂ%"@\‘i
- Lﬂ%@ﬁ%ﬂiam JIUIU 2 Lﬂ%@ﬂ

1.3 nsdemninensnisiSeunsaouiahy
1) mmsé{{aauLLawgﬁauLauaiw%wﬁﬁa o wazis iamﬁw%’wmﬂﬁm Wionis
Seun1sauludinnenssunsuIniswangns eUsranuauiudiniveusnistunis
Fndonidsde wazss1iiAsades i eusnsiienasduasyndnwildduat wasld
Usgneumsidsunisasu lunisaustenivdedu enasdfasuurarsngivasiidminlu
MsauekurTeTontide naenudedy o fsndu
2) WMta1v1I¥ WAZAMENITUNITUTMTNGNGATY 31N TA9 UazRnaunisly
ninensiien1sSeunISae
3) ANEARATIIVUTELNANILEIV3T i adan I ngwensnIsSaunsae Ui AunY
AUy
4) iesilofnsenianduniillugudieiesiionans anginemansuazmalulad leun
- Fourier-transform infrared spectrometer
- Ultraviolet-visible spectrometer
- Scanning electron microscope
m‘%lmﬁa%'uqLLaziwsJazL%&Jmﬁmﬁmaa@uém‘%'aqaﬁaﬂmq ﬂmw@lﬁﬁ'
http://www.inct.sat.psu.ac.th/
m%aﬁa?mswﬁﬁﬁwLﬁuﬁﬁiuquém%qaﬁa%mmmam% UIMNINYNDYEVANUATUNS TN IR
malngy lewn

- Nuclear magnetic resonance spectrometer



Particle size analyzer

- Flammability tester
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Differential scanning calorimeter
Scanning electron microscope

Transmission electron microscope

- Ozone resistance property tester

Gas chromatograph-Mass spectrometer (GC-MS)

\wsesllnduuareasBeniiufnvegudinIeiioInemans u.e. glan

http://www.sec.psu.ac.th/home/

1.4  qUUTSUIUAULLINY

1.4.1  UUTEHNUS195U (WU28UN)
Ysudszanad
S18a2L9UA185U
2568 2569 2570 2571 2572
ﬁ?ﬂﬁ\‘imiﬁﬂwmﬁz 336,000 672,000 1,008,000 1,064,000 1,064,000
AaanzlUeu (WNN9ne)
RugAnyUINIFUIA - - - - -
915195V 336,000 672,000 1,008,000 1,064,000 1,064,000
1.4.2 9uUsEUIU519378 (BUBUIN)
- Yauuszuna
YUIN 19U
2568 2569 2570 2571 2572

. UALIUNS
1. mlgeypang 1,117,700 | 1,173,600 1,232,267 1,293,867 | 1,358,567
2. Alganea Ly 197,100 216,800 238,500 262,300 288,600
(laisau 3)
3. NUNSANY 0 0 0 0 0
4. S191YTEAUNIINGIFY 0 0 0 0 0

53 (n) 1,314,800 | 1,390,400 | 1,470,767 | 1,556,167 | 1,647,167
U, AU
GRGEOGI - - - - -

594 (%) - - - - -
539 (n) + (@) 1,314,800 | 1,390,400 | 1,470,767 | 1,556,167 | 1,647,167



http://www.sec.psu.ac.th/home/

28

- Ysuuszunau
WU U
2568 2569 2570 2571 2572
UIULNANY 6 12 18 19 19
AltanefewtnAne/U 219,133 115,866 81,709 81,903 86,693
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2. %o dna 1avUszanddatnuszenvy AuRLazAMIAIvE9919158

2.1 9191589UsEIMENgAS

1aUUseaNaT AU . AinsAnwFuTansAnunlundasseiy
i Useyvu N4 Fo-ana T T oddge | de GUL/Y] Yoaantu
R N3ANYI . Y -
WIN3 n13AnYY | MAngNs 1
1 | 3-9506-00248-53-1 | 3. WTRleBngdt anen3* | Usgien | 2556 Ph.D. Elastomer University of Twente,
Technology and The Netherlands
Engineering (Cum
Luade)
Usyaln | 2548 .4 wialulagwodlues U AUAUATUNT
USeues | 2543 M.L. wialulagens 1. A9UAUATUNS
2 | 1-9699-00065-70-1 | & UGFUBIU dkas™ Usgygten | 2557 Ph.D. Innovative Materials | University Claude Bernard
Lyon 1, France
USeygyen | 2557 Us.0. wialulagwodlues 1.A9UAUATUNS
USeues | 2551 M.L. wialulages 1. A9YAUATUNS
(Reshdoudusu 1)
3 | 3-9001-00486-81-5 | 3. wa.nssang avngly* | USayegien | 2545 Ph.D. Polymer Science University of Leeds, U.K.
and Technology
Useugyln | 2541 M.Sc. Polymer Science University of Manchester,
and Technology UK
USeyayws | 2537 M. wialuladens 1.A9ATUATUNS
4 | 3-9098-00188-84-0 | 5. waagll lanimunuwt YSyaen | 2544 Ph.D. Polymer Engineering | University of Sheffield,
U.K.
USeyayws | 2536 M. G 1.A9ATUATUNS
5 | 3-9011-00329-80-0 | 3. w.a.aluun SRsTINNA* | USgygien | 2550 Us.0. wialulagwodlues 1. A9UAUATUNS
USeyms | 2545 M.L. winlulag ansioue 1.AATUATUNS
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1aUUseaNaT AU . 2AinsAnwFuTansAnunluudasseiy
i Useyvu N4 Yo-ana T T oddge | de GUL/Y] Yoaantu
- n3ANEN . Y -
vINg n13Ane | ndngns 3%
6 | 3-9598-00125-69-4 | wel. wigendy 93w | USyeywen | 2538 Ph.D. Polymer Loughborough University
Technology of Technology, UK.
USeygns | 2532 M.L. wialulagens 1. A9AUATUNS
7 | 3-9102-00005-49-5 | 1. WILDTGU  LNANIY Useygln | 2540 M. Wemaninediues | INAINTNUNINIAY
USeyayws | 2533 M. wialuladens U AUAUATUNT
8 | 3-9206-00785-12-9 | wei. maﬂaﬂmﬁ ﬁaaﬂﬁﬂ‘@ USugywan | 2549 Ph.D. Polymer Science University of Akron, U.S.A.
USeues | 2539 M.L. wialulagens 1.A9AUATUNS
(NesAtisudusdu 1)
9 | 3-9499-00048-95-1 | 3. WY IR Wi USeygten | 2552 Us.0. wialuladwediues 1. A9AUATUNS
Useyln | 2544 M., wialuladwediues 1. A9AUATUNS
USeyayws | 2541 M. wialuladens U AUAUATUNT
10 | 3-8016-00042-05-5 | 5. WU veswaduns | Usygiien | 2554 Ph.D. Materials The University of
Manchester, U.K.
Useyyln | 2546 WL wialulagwodlues 1. A9YAUATUNS
Useyey w3 | 2543 MU 1l 3. SIUAN
11 | 1-9409-00087-66-8 | ¢ weula vizduzusy Usgugyan | 2558 Ph.D. Polymer Engineering | Universiti Sains Malaysia,
Malaysia
U‘%iyiyﬂﬂ/l 2554 M.Sc. Polymer Engineering | Universiti Sains Malaysia,
Malaysia
USeyeyws | 2552 M. wialuladens 1.A9ATUATUNS
(Reshduudusu 1)
*819138 SURAYIUNENENT

2.2 srasduszaniiluenansddaaulunangnasil il
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2.3 91nsdiauiiluanasddaeulundngnsil Ll lnevdngasanByernsdfiviuiianug mudervgiiierdestundngnsisanuieaunisly

UMNINYEY UATAEUBNUMINGTRY NIINAATTUALLONTY

[
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WAy 1.1

- WuddsansfinenUSaaivitadisusin aandneimans wielrmnssumans w3e
avuTiiedes Ingldsursuuuadsazaulisnii 3.50 w3e Juddsansfnydsya
nvdaufisunihanuivenemansd wedmnssurmansvioawiv ffeades Afinacu
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author dwisumdngnsiviiamzinerdinug viegfisuszaunsalnsuftRnuluansn
welulaBnediwes wiedu q Mieades Wdesndn 2 U wasindideuuziiainerassiineg
aeundeiivihauuas

- AN TARUA SN uAHUTENMATAARINg Y 1389 INTIANINTEISINgudmTy
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- WugdnsansfnuuSyaesvsedisumin Nnan1siseudunn nedazuuuaivavaulides
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2. Ugywvastinfnwisnidn

4.

(1) thAnwiimnudiuguieatumealuladons viemeluladnediwoshifiome

(2) MarinyekazANaINTaluNIsIENILISINgY

(3) VInTinYENSSEUIMEAULEY

nagnslunisadiunaiautledyw/desriavestindnunlude 2 Jymvesindnwusnidn

(1) thdnnflazdriunsinudmdenanyanafiiiiugiunudifsfunedmeiviesnaua
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AMANUIN A

A1519UEA918291 NU Knowledge / Attitude / Skill

3187391/ngua52/43%1 (Module) (613)
(59518397 Fas1edvneing Iunundleia)

Knowledge / Attitude / Skill

741-501 YA3Y1 1: INwEITBUATENN
4((3)-3-6)

K32 K33
5354 S5 57 511 513 519 520
Al A5 A7 A8 A12 Al4

741-530 Ieniwus  48(0-144-0)*

K1 K2 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15 K16 K17 K18 K19 K20 K21
K22 K23 K24 K25 K26 K27 K28 K29 K30 K31 K32 K33

S152 53 54 S5 56 S7 S8 S9 S10 S11 S12 S13 514 515 S16 S16 S17 S18 S19 S20

Al A2 A3 A4 A5 A6 AT A8 A9 A10 A1l A12 A13 Al4 A15

741-531 INeNUnus  72(0-216-0)*

K1 K2 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15 K16 K17 K18 K19 K20 K21
K22 K23 K24 K25 K26 K27 K28 K29 K30 K31 K32 K33

S152 53 54 55 56 S7 58 S9 S10 S11 512 513 514 515 516 S16 S17 S18 S19 S20

Al A2 A3 Ad A5 A6 AT A8 A9 A10 A1l Al12 A13 Al4 Al5

* Knowledge / Attitude / Skill Yuagiiuasiigrtosivideinginug
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project |problem | 19U case based, team based, social v y
N139ANT |J08a% (3zYWANE)
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— Seu3 | 100
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Ay
741-501 YA3Y0 1: inwedduuavduuun 4(3)-3-6) - - - Scenario based 70 - 30 100
741-530 Ingiwus  48(0-144-0) 100 - - - - 100
741-531 ngrinus  72(0-216-0) 100 - - - - 100

Mnewe  InIneaefivualiseIvieran1siieuswuuRien (active leaning) litesninferar 50 vesdruauilusmunileinng e
LAEVENENTADIINNITSEUTLUULTIN (active learning) litieendn Sesay 70 vesseivilundnans
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AAKUIN 9
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Literature survey; experimental
design; data analysis and the use of
statistical analysis software; smart
communication; critical discussion;

seminar and presentation

6. ATIRAOULVANTIN VO IUNA 15 a1
WsunsulunsaaeunisAnaendeyala

7. waneanienuiissiauiteuayyinau
safugBuld

Students are able to

1. Choose the right articles related to
rubber or polymer technology from
reputable journals

2. Design suitable experiments according
to the research standard and realize
research ethic

3. Choose suitable testing and analysis
according to the research standard

4. Be a critical thinker and effective
listen to others’ opinion

5. Present correctly and to the point

Un# wag pitching
6. VITYIUTIUNN
3115 Lazdn
A15150U
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6. Trace and track the reference sources,
and use software for plagiarism check

7. Show discipline and work effectively

in team
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741-501 YAIY 1 INEEIYUATFUNU 4((3)-3-6)

(Module 1: Research Skills and Seminar)

NSAUANYRLANITITY N1TOBNKUUNITNAREY NTIATIEVIYRLA Laznisidlusunsy
AnTeiiBeada nsdeansegniaain MIsAUTIETIINNG Msduuuaziausnay

Literature survey; experimental design; data analysis and the use of statistical
analysis software; smart communication; critical discussion; seminar and presentation

ARG RHEER
Fonwanuiduiieiumaluladonaienediuesangudeyadildsunissensu
PONLUUNM INARBILANUINATTIITo kAR sEMINT 49385 5513TY
FonTEmIveaeuuariiamsdivanaunannasguide
fuwAnidnnduassuilsrnudniugdy
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Students are able to

1. Choose the right articles related to rubber or polymer technology from
reputable journals

2. Design suitable experiments according to the research standard and realize

research ethic

3. Choose suitable testing and analysis according to the research standard
4. Be a critical thinker and effective listen to others’ opinion
5. Present correctly and to the point
6. Trace and track the reference sources, and use software for plagiarism check
7. Show discipline and work effectively in team
NN INYTTNUS
741-530  ne1dwus (Mangasuau 1.1) 48(0-144-0)
Thesis
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Advanced research on topics in technology of natural and synthetic rubbers or

other types of polymers to create new scientific knowledge or innovations for academic

benefits and/or applications, under the supervision of thesis advisors; publishing the research

work in scientific journals or patententing; writing a thesis and successfully defending the thesis
APV R

1.

- vhausndugauls Jsudeuite Ausssy 3585550 ANUSURRAYEU ALTRERE

AUAUTBYALDNATTNINIYINTT DBAKUUNUITY UaziimunUaiaualasanisideiite
whledmauideaumaluladensiaswedluesla

. U uRnns Toesestiodnseiuaviasosonnaau wazaniiuniside lnegragnaas

Uaoaste wazidussuy

93UNg AAsIent duasen wlanadeyaide Mufenenunanideligndemiy

5 08UTEN15I98 wazunsgIunenumaluladenawaznefiues

thiaue meven uaseunsaide nadenldnaluladansaumaiiomnyay fe
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b4 (3 oA LY a v P 6 a v
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gnaunIsula

U Ca

4930 19558 1UTTUADIVAN UagInansisay

Students are able to

1.

Conduct a literature review, design a research project, and develop a research
proposal to address research problems in rubber and polymer technology
Perform experiments, use analytical and testing instruments, and conduct

research correctly, safely, and systematically

. Explain, analyze, synthesize, and interpret research data, and report research

results correctly according to research methodology and standards in rubber
and polymer technology

Present, communicate, and disseminate research findings by using appropriate
information technology, with clear and accurate communication in thai and
english, in speaking, reading, and writing

Create new knowledge or innovations from research to address problems in
research and industry

Work collaboratively in disciplined, ethical, responsible, and honest manner,

having professional ethics and a sense of public service

741-531 Meinug (Mangasuay 1.2) 72(0-216-0)
Thesis
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eniinuduazaeudosiuinednusdnsa
Advanced research on topics in technology of natural and synthetic rubbers or
other types of polymers to create new scientific knowledge or innovations for academic
benefits and/or applications, under the supervision of thesis advisors; publishing the research
work in scientific journals or patententing; writing a thesis and successfully defending the thesis
ARV R
1. Fududeyalenansmaininis senuuuanide wasiaundeiauslasansiseiile
whladgymauidesumaluladensiaznodmesla
2. iR MiaTesflolinnsriuaziniesilonaaey wazdiiunside ldedrgnies
Uaoaste wazidussuy
3. 95U TATIEY duaT1en uwlanadeyaide sutangnunanuidelagndeswy
5 J8UIEN1TI8 wazInsgIun e umalulagensiaznodiues
4. vhiaue teven uazeunsnanwite Tnsdenldinaluladasaumanmngay se
nsdeanslaenuilveuaznudange ity gndes ﬁ'ﬂmiﬂﬂﬂ 91U LAzl
5. adesrmuslvsiiouinnssuanauideiiensulangtyvlunuideuas
gnaunIsula
6. ammfugpuld fszdeuity ausssy 93us93u ArwsuRevey mnutednd
4937 ATTLIUTTUADINITN warInansnsae

Students are able to

1. Conduct a literature review, design a research project, and develop a
research proposal to address research problems in rubber and polymer
technology

2. Perform experiments, use analytical and testing instruments, and conduct
research correctly, safely, and systematically

3. Explain, analyze, synthesize, and interpret research data, and report research
results correctly according to research methodology and standards in rubber
and polymer technology

4. Present, communicate, and disseminate research findings by using
appropriate information technology, with clear and accurate communication
in thai and english, in speaking, reading, and writing

5. Create new knowledge or innovations from research to address problems in
research and industry

6. Work collaboratively in disciplined, ethical, responsible, and honest manner,

having professional ethics and a sense of public service
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expertise of faculty of staff LUudu
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(Outcomes based education, OBE)
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between

Prince of Songkla University

Hat Yai, Thailand

and

University of Twente (UT)
Enschede, The Netherlands
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Preamble

The undersigned, hereinafter referred to as "Partners”:

¢ Prince of Songkla University, Thailand (hereinafter referred to as 'PSU'), and
 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

« 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) s 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

« 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.
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Article 2

ESTABLISHMENT OF JOINT EDUCATIONAL PROGRAMMES

21  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 pariners 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.

32  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

51  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.

52  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 andfor facilitate their own co-funding for the
proposed joint research project.

54  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.
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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

7.

72

73

74

Negotiation, implementation, and reporting on the progress conceming 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

(b) Ass, Prof, Dr. Wilma K. Dierkes
Chair of the Elastomer Technology and Engineering group
Faculty of Engineering Technology
University of Twente
P.O. 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.



91

Article 8

GENERAL PROVISION

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

8.11

8.12

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.

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.

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 conceming collaboration, unless specified and registered in Appendix |.

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

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.

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.

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

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.

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,

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.

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.

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.
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RATIFICATION OF THE AGREEMENT

Asst. Prof. Dr. Niwat Keawpradub Prof. Dr. Thom Palstra
President of PSU Rector of UT
1 9610 6 juli 2020
Assoc.Prof.Dr.Sukree Hajisamae Dr. Jelle Ferwerda
Dean of Faculty of Science and Technology International Affairs Coordinator UT-ET
University of Twente
The Netherlands

2. MOA between PSU and University of Twente, the Netherlands
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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 (hereafler referred to as PSU)
Represented by Asst. Prof. Dr. Niwat Keawpradub, President
Jaintly 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), hereafler
referred to as double PhD program,
See separate signed annexes for project deseriptions {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,
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INTRODUCTION

The aim of the procedure for the double PhD program between the partner institutions is to establish and
develop a scientific cooperation by promating 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 zccording to the admission critena of the UT and PSU
respectively, and perform their PhD program at the UT and PSU simultancously with the same research
project.

The workilow of each program is guided by special documents and administrative anthonities in cach 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 (ifus
promovendt). 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 PhDD 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 cach country and partner institution;

The terms related to the submission, approval and reproduction of the theses will comply with the
legisiation 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 m an approximately 1:1 ratio, The PhD candidates will visit both partners for
performing research, consultations with the supervisors, participation i seminars, workshops,
conferences;

The theses will be defended at UT,
EDUCATION

The PhD candidates perform the cducational 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,
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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 PhID 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 durng Mixing in Silica-Reinforced Natural Rubber-based Tire
Tread Compounds (I 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 lnid down in the Traming & 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
Thaz); 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 & single defense of the theses at UT. The PhD committee will be
composed following article 34 of the ‘Promoticreglement’ 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.
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SPECIAL CONDITIONS

Acknowledgement of cooperation

The thesis and the degree certificates awarded by both partners will scknowledge that the award wis
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 mutuaily recognize educational credits obtained by the PhD candidates and
related to the PhD.

The partner institutions agree thal any scientific results obtained by the PhD candidate at PSU can be used
in hiszher 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 earolled 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 sgreed in writing, tuilion 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 lishility) as well as ancillary costs. However, the Parties
commit to help candidates to find accommedation 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 i1s valid in both countries,

5
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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

L.1"Background™ means afl Information and Intellectual Property Rights, excluding Foreground, owned
ar controlled by onc of the Parties hereto, that (i) exists prior to the Effective Date of this agreement, or
(i1) results from other activitics of such party which are or will be performed outside of the scope of this
agreement and {iif) to both (i) and (ii), 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, busincss and
commetcial information, data and documents of any kind, including oral information but exclusive of any
Intellectual Propersty Rights to which such information relates,

1.4 “Intellcctual 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 siep in generating such
Foreground.

3.2 In case it is not clear at which partner institution the doctoral candidate has made the invenlive or
creative step in generating the Foreground, and where the contribution of each of the parties is indivisible,
repardless of their respective share of the work, the partner institutions shall jointly control such
Foreground (“Joint 1P-Owners™) (“Joint [P Rights™).
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33 In case of Joint 1P 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:

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

e 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, laking inte account
each owner’s relative ownership,

3.5 Each pnnncr.mstitminn 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 Doctorsl 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 PhDD 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
arc 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,
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At Enschede, on 17-08-2020 AtHat Yai,on _11-09-2020
Rector Magnificus UT President
Prof. Dr. T.T.M. Pzalstra Assl. Prof. Dr. Niwat Keawpradub

7 s N Kenvapadiol—

University of Twente Prince of Songkla University
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ANNEX A

MODEL FOR A SPECIFIC DOCTORAL CANDIDATE

T0

AGREEMENT FOR DOUBLE PHD PROGRAM

BETWEEN
UNIVERSITY OF TWENTE
AND
PARTNER

According to the general conditions of the Agreement for deuble 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

Partner 1:

Family name:
Given name:
Gender:

Date of Birth:

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 registerad
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 Z—Ja.il—y;abervlsarli:

Starting date of PhD program:

Expected Completion Date:

-A—n—tlclpated 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 From 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 ar/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.

10
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Intellectual pmpgty: 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 At...,on

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

The thesis supervisor: Thie thess sipervisor:

The candidate:

University of Twente Partner

1z
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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 second one for 2 PhD-students. All students defended
thelr PhD-theses in the University of Twente and based on thelr 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
Pattan| Campus hosts the center of academic resources concerning Natural Rubber in Thalland. 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
pravides on a yearly basis 40,000 Eura's for research and development of Natural Rubber within the
chalr of Elastomer Technology and Engineering.

The present project proposal covers 2 (two) new PhD-students under the same conditions as the 5
before, Fach 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
thelir 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. Sitisalyidah 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 by,

Em. Prof. Dr, Jacques W.M. Noordermeer, and Assoc. Prof. Dr. Wilma Dierkes, having the ius
pramovendi and foreseen as the promator, Or in her absence, Praf. Dr. Anke Blume, head of the chair of
Elastomer Technology and Engineering.

13
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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 Engineenng 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 silice instead of carbon black have found great market
ucceptance, s this technology offers the possibility (o 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 polanty between
the commanly apolar elastomers and the highly polar silice, 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 clastomer 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 ot
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 nunoscale, which benefits increase WSR,

With the present drive towards electrical traction f cars to repluce 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 tives. 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), whercof the
RR takes about 173 or 10% of the energy contained in & liter of mineral —mineral oil based - fuel.

i
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RR-savings of appr, 40% then translate to 4-5% fuel savings, On the other hand, the energy-
cfficiency of electrical engines is way better: 80% and more, so that 40% savings on RR will
translate into 1% 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-cne radical reaction, where thiol-groups are well
known to he 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 ¢lastomers, in
particular Solution-polymerized Styrene Butadiene Rubber (SSBR). Only anionic solution-
polymerization enables to produce SBR's with appr. 50% of the butadicne moieties in the 1,2-vinyl
configuration, Contrary to ¢.g. the older emulsion-polymerized SBR (ESBR), which containg on
average appr. 10% vinyl-groups. The high glass transition temperatures of the SSBR due to the
vinyl-moicties 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-trunspart the drive towards electrical traction is coming more and more o
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-cvident. 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 hasis of modified NR (epoxidized NR) and on blends with other
elastomers [2-5]. Where epoxidized NR alicady brought quite some improvement, the probiem 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
Lo 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

15



107

UNIVERSITY OF TWENTE.
i
)

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 clastomers are used, are not fully communicated in the market, But on
basis of patent scarches 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.

‘I'he 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 lemperature 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 Polybutadicnc 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 Sattayanurzk, Particularly
within the BR-field there are numerous different types available, Similarly, but to some lower extent,
also the SSBR-fumily offers many options. The influence of types and amounts of these different
clastomers 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 preparstory
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].

Pracessing 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
cvaluated in relation to the main tire-related performance characteristics,

5. Scope of the project

After a first screcning —~ 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
abservations. 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 (> 1im) 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-enc reaction. With BR a very wide range
of microstructures are availahle, from nearly 100% cis- o nearly 100% 1,2-vinyl. The latter has a
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high plass 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, us the preliminary work of Sattayanurak has demonstrated.

6. Scientific and technological impact
The hetter 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 te 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 ficld, 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

R, Rauline (1o Compagnic Generale des Etablissements Michelin — Michelin Cie., ), Europ. Patent
Appl. 0501227A1, September 2, 1992,

* 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.

¥ K. Sengloyluna: “Silica-reinforced Natural Rubber: use of natural rubber grafied with chemical
functionulitics ns compatibilizer™; PhD-thesis June 25, 2015; University of Twente, the Netherlands,
and Prince of Songkls University, Paltani campus, Thailand, And published papers based thercon,
8. Sattayanurak: “Silica Reinforced Natural Rubber: Shifting Tire Performance by Hybridization
with Secondary Fillers and Polymers”; PhD-thesis to be defended Febreary 14, 2019; University of
Twente, the Netherlands, and Prince of Songkla University, Pattani campus, Theiland, And
publighed 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-fitled 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 iz 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 shifl 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-(triethoxysilyipropyl) 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 silare 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 docs degraded NR (if occurring) affect the compound propertics; and so on.

Therefore, in order to better understand the NR degradation phenomenon when this rubber type is
used cither in purc form or in blends, an intensive and in-depth study shall be camied out. By
understanding the phenomenon and its causes, it is expected that better control of mixing can be planned
to minimize the degradation and enhence the final properties, Degradation of NR will be characterized by
various methods such as by monitoring the viscoclastic response as analyzed by » 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
concems, the phenomenon should be elucidated in order to get 8 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 & mixwre 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 fram none or very little degradation to the
expected severe degradation stages. Afler the proper charactenzation techniques are verified, then the
influence of chemicals such as coupling agents (type and amount) and antidégradants or stabilizers (type
and amount) on degradation shail 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 afler
vulcanization, Some characterization technigques 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 (1.e.
mixing temperature and time) will be varied. The effect of contpounding ingredients with emphasis on
silane coupling agents and stabilizers on NR degmdation will bhe studied. Various characterization
techniques will he explored for their feasibility to be applied for degradation analysis, including
theometry 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: | PhD student for a penod of 4 vears.
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