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Abstract

Project Code : PDF-38-2543
Project Title : Blanding of Natural Rubber with Dissimilar Rubbars
Invastigater : DOr. Chonlada Lawis

E-mail Address : kchonlad@bunga.pn peu.ac.th
Project Period : 1 yaar and & months

Blending natural rubber with etiylane propylene diene rubber (EFDM), brominated
EPDM (BEPOM), malsated EPDM (MEPDM) and bromobutyl rubber (BIIR) was
investigated. 'H-NMR spectrum of the prapared BEPDM indicated thaf bromine reacted at
carbon-carbon double bonds. MEPDM was prepared by mixing EPDM with 2 phr of maleic
anhydride and 0.2 phr of MBTS as & promoter in a Brabender plasticorder at 180°C for 3
mimiues. This condition was found to give the highes! degres of grafting. Rheclogical
proparties and two glass transition temperatures of NR/EPDM, NR/BEPDM and
NR/MEPDM blends at any blend composition showed blend incompatibility for all sst of
blends. BEPDM and MEPDM had lower activation energy for vulcanisation than the original
EPDOM. This led to a better crosslink distribution between each rubber phase in NR/BEPDM
and NR/MEPDM blends resulting in an improvement of tensile properties of the blends.
Epoxidised natural rubber 25 and 50 mol% (ENR25, ENRS50) as a compatibilzer for
NR/BIIR blend was prepared using performic acid and high ammonia natural latex at 50°C.
From rheological properties It was found that most of NR/BIIR and NR/BIR/ENR blends
wera thermodynamically incompatible except those of 50/60 and 45/45/10 composition.
However, the carbon black filled NR/BIIR blends were compatible at any composition. The
single glass transition temperature of NFUBIIR and NR/BIIRVENR blends indicated that they
ware miscible at any composition. Tg of ENR was higher than that of NR and increased
with increasing epoxide content. Thermal properties of NR/BIIR/ENR blends was found to
be better that those of NR/BIIR blends. Modulus, tensile strength, elongation at break,
rasiliance and comprassion sel (%) decreased and hardness increasad with increasing BIIR
contant and with using ENR as a compatiblliisar. The temperatura rise of NR/BIIR/ENR
compounds after heating by microwave was higher than those of NR/BIIR blends.
Extruded NR/MEPDM foam was also prepared by two technigues: vulcanising only
in @ hot air oven and another technique by preheating in & 1000 watt microwave oven and
then vulcanising in & hot alr oven. It was found that by prahaating by microwave and




: ‘_r call size. A greater modulus and tensile strength were also obtained.

Key words: bl‘l:lndm‘l.n‘ﬂd EPDM, maleated EPDM, nalural rubbar blends, rheological
properties, eposdisdd natural rubber, rubber faam

3 vulcainsing in @ hot air oven, the resultant foam oblained was low density and had larger
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(peny carboxylic acid) \DummhliifndgitoBwendiedulummatounsas et
winluanadr  TaovislilEnwme:ainuaznmmviefnluygite Tnorranmlwiay g
i fifinaulefeendmivendinudninfisrBwentinds  uassmusuniad
(Gelling, 1984)

1 25 UiniuBwandieduuonemmmaswenlod

el slumneduum s Abnen ledina3s v IneStldiudu TaeiSnasls
lalasisunalafeanladidiuiats uszneisuraTTIrnaiwenlaflasmni§iSoe
wenfilesunonIawlaiasdein (David of al.1984)
21.6.1 mrhansiwviFinmyinenledlusvsssumasnenled

vineernumagnenledfieiontd  fududeslninrediteiniicn g
mrwwdgwenloiel  SamriemsiadudngdunsBuduilneeimsemisy
mdwanladi ldiw dunenarmumaawen eéfgaan Inehifinusneenyssiunv
awenled  laulfinafiedimmsidodBuines 1R) muslasalatl daldensiiftam
WULARIBUURMWIZAT (functional group) uﬂnafmmmgﬂnimmﬂhunm 870 ums
1240 cm Al DuuaunsganiuuasBunisnussiouuanenladusseslinuigyan




magenBuussvemylonsanda (-oH) wlewdmfusfia (c=0) fidumianasaiiu 3800-
2700 em  WAT 1900-1500 cm MudIfL %Lﬂum_iﬁﬁnhnnﬂunnmmmmuﬁﬂﬂn
120 (Davey and loadman, 1384)
2.1.6.2 mutiana Weessnasmmasnanladnsdliian Ind

lnarn:miﬁnnn'I.-nﬂ’i'rumﬁ‘!ahu'lutﬂmgﬁuﬁmmqﬁﬂunhiﬁmﬂmarh
fnrudunmdaunfigaiwioivoermema ndnfessdienfnun1dfuusi ua:
'Fh:l'ﬁlI.F!u"tm'uu-‘l'.Humuﬁnnn'l'lﬂ'uﬁ'ui:ﬂHamiﬁqnngﬂnrllnﬂuﬁu {glass
transition temperatures ; Tg) uane AU NENB tﬂmﬁmuﬁnﬂﬂm‘m‘ﬁﬂanﬁmﬁuﬁu
ﬂuqn g 1 lusulefilwd wwildi Tg ddufuils 1 somuenfos faathaty
ENR2S fiéin Tg i <48 ssrusaifon luunefitrns ENRS0 =06 Tg o —23 B
wwados (i arusuiuETn e Tg ﬁuﬁum'[umﬂnﬁiu{ﬁnanh{umiqﬁﬂ
2.6

Tg (°C)

20
(]
-20
—50

A i il

10 50 80

Mol % spoxide

R 26 sowduiuRwie Tg Audumilusalefidudsnenledlurarmunmas
wWan'lo# (Gelling, 1984)

2.2 nMTuanAEo

Tunmuandtnasin ssdesiflfasmudniuldsanasesriafbunweud
i 'Enu11’111]uﬁmwﬂﬁu'tﬁmmamnuﬁuﬁaqﬁmﬁu 3 gtiafe (Coran, 1991)

1. arwlairusesnrumile (Viscosity Incompatibility) SraTmitadaamms-
il inldd fesldnusudfdhduldamnudlutunevainanm s
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Ttidausntiulnldlaemnifudensuseniduiamii  wielfiniludm
sasnszawm il wazemanndiniplanmiuerumisesansula

2. aralddhdussanailulawilind (Thermodynamic Incompatibilty) aaandhnu
lildvaanaflulawning munmmlfnbald IR ILLANF BTN SWRME T
LL'I’In-ﬁ1lﬁ'“1ﬂl.l1nﬂ“r'iElﬁlﬁﬁlﬂ“ﬂi!ﬂﬁﬂﬂiﬂ-llﬂ#ﬁﬂ"lﬂ'tﬂ.ﬂtﬂ uasiinumanialuniia
fRsswhuwe athaNeIwe

3. arwlaidhrisasdammsiam el (Cure-rate Incompatibitty) msfigwT g lu
myiamludlidin  dussnanmsfiewudsssiiadndserunsdulunisian ludf
uansain wenanfigalssnanmmfinaalnznodlunadsseialohiuio Tay
Lz #1I9ds (Acceterator) win maflilumrianlwd (Vulcanizing agent )

2.3 pyIRTIRdsUATINIIINKIA

rsnsssauAT T e sauand  suntoildwae3®  (Sudhin and
Davis, 1996) W nmiaTapuamwmalaReidondasenTiddlinasen (Scanning
elactron microscope, SEM) miiwmedsameissfiaeiniuunffinalsund (Nuclear
magnetic  resonance, NMR) Wismwinmsiiaosiaisudmminlnalet (7T
infrarad spactroscopy) MIWIannAlan WU (Glass Transition Temparature, Tg) e
\#789 Differential scanning calorimeter (DSC) (wdw MaNTINRBIENIORTINROUATIY
vriuldluanazmaulsgliviowies Capillary extrusion mheometer

2.4 nAnsantansvasasariiuwldrssmavaudaaniaias Capiilary
Extrusion Rheometer

MafNEERURNT MR IEIATEs Caplllary extrusion theometsr @RENAHINTS
Twavasaslwa Tnosuns power law equation RIRUNTIA 2.1 (Kundu ef al,, 1997)

=Ky @

dla T (fiu true shear stress
';' 1ilu true shear rate
K 1ilu consistancy index
n i flow behaviar index

da 0= 1 Segiuesnduesnafalnflewlammemi (¢ o y) dnszouflaileIn
Howin sndiudol

n > 1 aniwilu diatent (shear thickening) arnmitaifiadu (1,) Waifudan:
mTLaawu




]

ne<1 1n:31f\uﬂu pseudoplastic laumITumd nénde aruwilnassadodnrmg

aufiui

Inufinedwefiminguansinuoe pseudopiastic  waeasasifav3sltdioms
weflulnwnding i«:ﬁmr}nu wwiaDveamum (AH,) Hllwianmieday wesiwed
s AnI iR hansiussdaslieuiatuonmsu sy WuRnatiuag

wiavaans wandssiulumungrsuinsassonn i RIMUNTIA 2.2 (Ultracki and
Kamal, 1982)

LW“I'EWA-’J!H“| ’ (22)

dla N, i mumitasisameBieiesfilznauiidarmmdaulong

N1l mmiavinemeiueiiunifidanmudalons
w, udndrnbminaaweiuefasdunay

milaa T ladinadlwinmahauiting Aoldnrwiwiulinosnalvad o
Uamii '.la-ﬂun-i’lﬂnmﬁnu1ni'm'iiﬁmi’mnn'mmﬁﬂﬂm’.nﬂunﬂ'mﬁ&mﬂaﬂ
animiiasslluiafiudaduiudamanududedanmiing  mBaiusdsstats
i‘num:'l:inﬂmﬂqtimm:ﬁﬂmmﬁnuuﬂaﬂm:iﬂﬂumqn

miEmyInevsawe e wiaulweaentlasd anlddmumadaluil

sudfininalusliead (Capillary Flow)
1. Arandwianiluty Tw = RAP/2L (2.3)
(Wall shear stress (Pa))
2 Sammadavitinng s fw = 4QIT (24)

(Apparent wall shear rate {s )

3, ﬂﬂwﬁmﬂmﬂﬂnnﬂ M = Tw!Yuw (2.5)
{Apparant shear Viscosity (Pa"s))
Tat

Ao drilmssomilset (m)

g Arurrrssseer e (m)

aruduanaiauluma (pressure drop, (Pa))

g damTina (mls)

IIEFP-:'
&
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Tw #8  Avandudoufinb

Yw 7B danmadeuting ik

Ne fo  rumiladaufilsng

mdwmimnFmT inssemalwe fmmadndan  Sanmnden  wasA

witmidan luaunafl 2325 nﬂumﬁl.ﬂuﬂuﬂﬂnnn (Apparent values) Wnufisziilud
sinaanrivaussmsfagluemweied vfiflasmnmednaddldusamsialndlou
udnfioufivy dnidalnmuindufdesiuammimmniBmTivafifieisenms
vaveameiwed  mrdwimwnssTenrmadudawi WWlsonlSwdnnulyes

wuniad (Bagley commction) uRsthssmanddammmdansds wildsmmannudly
waaTillu-ind (Rabinowitsch) (1931, 2542)

25 miAnwmEsnERMean T IRa Iud

'l.'u.m':ﬁnu'mﬁ'u'mn*.i:ﬁwuaim1":’Bﬂﬂuﬁfuﬂﬂ‘mﬁnumgﬂmuuuuﬁuﬁu
dvilufitmmsiliine e gunfugwens state of curs Tunauyes goingdl 1as
milusy uasthdsugluneey Saivilnafidewiads ussimnfaiannunindt
fdarzuu ﬂﬂanﬁdﬂﬁﬁm'ﬂ{uuﬁﬁu state of cure lumsAnwmisflezldouns stste of
cure in heterogeneous rubber blends W89 Claxton Ua: Liska sl (1964 dilau
Saengundid and Konar, 1997)

M
K==
M.
=1-¢""" (dat > { 2.8)

de K fie Fsuuandariiuiu (Fraction modulus)
M, fie wendafiRugaen domeiamludifud
M fia vendmreatrafifiuiufivan ¢
v Aethasnennsfidiian luinistnomndoufisuesimesiuiuaheda
o
kA dwefldrnmrianTudueasdadniwnauraam
\flglF Artheneous — type equation uilunuasmnBannes k ue tezld

-E1 1 RT

k=Aa (2.7)

=ELI‘I—EH:T} {Lﬂ]
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b =Ba (2.8)
=EI-H*EI'I'I"I‘ {11‘]} T!
Wie A uas B «iu i*rmﬁﬂm;ﬂha

Ey us E; (Iiu wisrmmzfulumsiaemlud
R iushasfivsaudi (@i 2.0 cal mol 'Ky
T ugnnnd ssmduol (wadu)
S, usz S, e fuhilifuiugmad
sumaf (2.9) marmodouinaléidu o v Faldwwi k 1awadl

= L+ “m}hﬂ‘“.'l-lr . {2.17)
oo € k<1
figounnfid1a8s T, uax equivalent time (ke) ¥IWIArTow state of curs I (K) el

e = to{1k, Jin1K)" (2.12)
= lorH{te-ta (ki) { 2.13)
A (2.10) earsnwmiet T was T, e ld
Sl (2.14)
FINMUMT (2.10) usz (2.14) =1
oty = gl I VTHIT)] (2.18)
Twhuanfoaiuwresldh
K= .{i‘l-lﬂ!ﬁl { 2.16)
ez
I[ﬂl:,=a“im“mm" (2.47)

R A flgaingiidrads, T,
IMrl1';'11E;lﬂ'_urrr-l..lfu I hE{Elﬂhﬂ"n-i‘Hl ( 2.18)

WwiamminIafissfion aqulvalent cure time ﬂqmﬂqﬂhﬁaﬁhn T induction
period time, t; WRELIA t i aunnll T
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26 mANMIMINTEEETnMsslasr e e suAarRTDIs AN aa
m%na Nuclear Magnatic Resonance Spectroscopy (NMR)
2.6.1 Swollen-State NMR Spectroscopy

maflananszioisesiussdorensameiwedin  Minelams
Amwlusmwiifianiinesd (Swollen-State)  laserdowannsfhawasiufiléen
witas NMR waswedweisnhandluansrwndn  wasamanisesdygnalee:
diutu dlaweBluedifinfumdaing NIRRT
mlmn'lun"mﬁﬁﬂu'lwmﬂﬂﬂﬂumqﬂ

Twenawandeunsoldmaaiuildnnedess Fr-nvr  lnolunsdlues
wawdftilanudu maldinedie HNMR ererslWiAndggafidewiutiunn nda
fia-Tuvman (Tinker, 1995) winslfinaia "C-NMR swisnlWayanafinrweiea
T

Brown et al (1882) lddnwuneflamils “conMr  dwTumstusuduas
rTmRnusERfde Saimmmerunhefirres PonMR lusrTiemiaesiiie
agm loadu o éumis 125 ppm vla 135 ppm  laosasfinfilelifanTidan
VuRUR Y mMEY fﬁ'agﬂﬁ' 2.7) mwnsienunfesRnmanioimmeiidlen  Seda
mwni’uﬂﬂh'ﬂ'-‘nnﬁwnaﬂ-nugaﬂn

WH alefin
praks

L L]

T L] L
ER i i ] 1] (L.]] b o] 1 ] Tl ]| dAiy I s B ]

Bt o .J L .-d
pii"f 2.7 muUnRTIYBIrTNURWA W I ar T U AR AU e e e FT-NMR

Brown and Tinker (1996) lenwune@iamild “c-nMr Tueawaud
mwinrerTameiureERaauEnsNsin 2 Fggafieenmdsmmyimwdse
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AruduiimvearuBAfduldme  welifiefygnofawiuiudygnaenmerrsy
iR Aafndl 3 Aefidiumls 30 ppm wia 2 fnflduns 37 p.p.m w71l 2.8

e A L] 0
A S e whom e i g

U7 28 muariussmauswiwhamermrdtuesasduildmnetes Frave
TwshsvesBARBuefivhdn
wHflnusirefinfivuns 30 uss 37 pp.m diggnumfusuecaaufiuandei
wsanaftdily udifiaudacreslinrundely WeredAdimAniursdoulus 1y
i Smvimoulasmmm H%  maodou latlddnndmewionnuges
dygnofinfidumly (a.s) funnugeesdgyrmndafdumls (bb)
arunFeRRdy L e ilurhanrinarauiun  whesnundinius:
Finnudu-anuedon dusmundiudefidon FE-NMR  datufimuron sy
vussiarrnelunavenduiearield  SanmwemudiniunladEaranduay
wive  swsom WlaoYivseludl
282 mImsrsmikssfssralasitanudv-ninaise
mrmweruduiurslasianudu-arundvessnioh vy asfiraia
'lulnmﬁ'lmqﬂnﬂmih‘nﬁnwnﬁ'ﬂﬂﬂﬂ' (halmoefidy, 2542)
F=Bla-(1a)] (2.19)
Taofl F = wnfiliBn (dynes)
8 = wmiinefmmamidamgu
a = Fruereiniamumsimaioula

8 W mBwmeflunsBaneu uasilsidail
B = DRTAM; (2.20)




Taofl D = erusiuisssresTRRe il (glem’)
R = #hnefinesrie (8.31x10 argimole)
T = gungldd ()
Ac = Anfiwbdnusameriauie (cm)

Me = :l’mﬁ'nlmnqlmﬁmaum1=wh-m-|1|.’§m.1'[ua1:m'[d'iuanni-m
LFie

winiweilumdaiusctznasudosesdnda  woriiweslumBeflictm

TUEMION (2A.C,) uaswTimE Tl En (2 AcCys) FruTmunidon
fnmiias? B Tealldaed :

8 = (2 ACC/a)HZAC:) a2

anlnalén
Mc = DRTAJ/(2AcC) 239

unzes e
F ifa = (1)) = 2A.Cy+2AcCyfa @.2%)

sudawiennminmmradindves WnriduR TR N Ton Me Thdadl
Me = umwﬂ-aﬂqninunu ¥ (2.24)

isssinluanamatuinluansflwguinililidasidsis daolanatalé

urlwsndail
1."1'.:“ = 1/M. + 5.44/M, (2.25)

1I"m'1mmi!.iﬂu'[nalumalnuﬁ':'{ﬂﬁni:ﬂﬂﬂ'lu;ﬂ'nnmu]'uﬁm{ Cross - link
density ) (%] SanofshulusvenBnumnfeulosdaenatasmlud 1 ndu dFwnnh
wimysnfnumadselsafiuuuy tetra —functional udaez 16

] =112M, {2.26)
Tummasssilldaums 2.26 lwmmamuduwirsideesn i m,




W7

2.7 Tduwna

puaiilaserfadumadonsidnnmmiadinhien  wiersuisssdond
*sponge rubber” HlAsseriaendusivanesdiln uaclln Folsnmmeunndratudsd
274 Mussuwuuwadille (Open - cell spongs rubber)
rssan v diOednldmoein  Na,Co, wialfhuiuddwRaiy
diinimw  mmusodsuieiuencirsewarimeseuadfumesnbiufia
naaqy  Idadereuesldny Turesamhdfsdaumesditndninmfuwang
lomafifnnn Wededonminasdunnds
snwiufesndupuniolfutialsinin W mhén wia ueailond-
e sswimmmedaeiums salunilesdduriaeinsinirmeynn
i sslimnalaundwanasdepiamalag
27.2 TMusourneadila (Closed - cell sponge rubbar)
Murswumadline:ilanehedalifeiu  nandneciinen 9 55 (0emper
and Frisch, 1881) 1t
i 1. madauhlaoldarusiud (Low Pressure Maiding)
2. madmuhlauldanusiugs (High Pressure Molding)
3. muenamyaudaiam ludviaflaanbirudu
(Continuous Extrusion at Amblent Pressure)
#mﬁimmlmﬁunhﬁ'u'lm“mmnlin:ﬂmﬂ (chemical blowing agent)
filifmaanu Iﬂwﬁﬂutlﬁmmwgﬂﬂﬂmjmm alnglinfouldemy
wnldwluleman  wmznrudwinhefte  sduanleeanled Tasemififlusld
uabiielulansudusndngldud win Azo, Hydrzide, usz Nitroso dsqrampiims
FIIUAINBINAYN Azo WES Niroso 9:ge EIMmTHNEN Hydrazide srisslandh umndn
it uwuier  Hydrazide sswiamiriaenludvearnineinind  Sulnessmuiy
mﬂiﬁﬂu q lalflmldifun 9
mriam udlWurauuesilaeadonfoiuesdidn  udldausndreilas
ahnmsdunuladsshidenmsiamludifnien  wemalfsuuedufussfonld
sindindeininmldeinnivn  wWhnomliiEimtwionis  eredanmfs
Wivsszsrwildom  middwngzeangmldldmmiRusulsiminmhuny
IR URUWIN mineral fillar

28 FEmriam induaznaiela
mriae udlagld a'lrnﬂfnu"ﬁﬁlﬂum:ummwlmﬁnaun:'l'ﬁ’ﬁ'umnﬁqﬂumﬁn
aludmadnengn  mafidndngasaninsmetasbiibrmsasfinalunuawiou
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watnafiunag a:lﬁamwﬁ’!mﬁﬁu:ﬁqmﬁgﬂguﬁtﬁﬁm uftnafivun 9 sxfadld
VIRTWTUWER T
mriam udlaslfnmetoundadad 2 38 (uyoTw, 2534)
1. mrriae ndlanlfmmmaianuuuewinen
2 e lidlaolfimmmedauuuuunass
P UL REUWINY ywwEssriwiranlfmaufissdnedasinm
Wiuwaanaf nﬂamqulﬁuuwwnnnmﬂsmnaﬁmun wmamsauuy  munaavhld
Spudapunuaudon avisfudTion wis Cakod wis Gles - Col wisgunialbiemy
fouflmzewin 9 qmmmﬁmiuhﬁmﬂiummunﬁmmannu‘mnw
W ﬁ'1-.nﬁﬂlﬂi’am‘lﬂlﬁﬂqmnqﬁﬂmﬁummmq'u'lumn'li}mmﬁuﬁuui'} WY
wwanas: dantndiFirmuuuuwaseutis 25 %

29 mildaaululaniftadinlunirianlud

Ludunadamdyiseiuulm@ntiih tu wes Fafdnd wiulnmimd nfm’inq
Uy AM ARWingIsuy FM gasmblawn Budnion waslulazon afululasaviegin
framunafuniud 300 MHz — 300 GHz TamielFenlulanonludroniu 1 - 40
GHz (Riza et o), 1998) anwoiswmvssniululmumfhifninio WHantululanav
nenuiuiagezgnganiuwly sruflwinsfignasniwionh srufiduiesuasiag S
dusgivlnnafaluiansuasiag

1. MIunizosnin

sanwimEn Wi rneudomea Wi wasawauingn dammanlufiama

rTuwITednaL aduudiman Wi dustundsnuiinmauBoulrwduasusnifgs
Aununang sudssmnsinnedumiadugud uﬁm‘ﬁrmﬂm!ﬂ;nhhuﬂlﬁu
A0 ﬂmfuHnatﬂnﬂﬂﬁmﬁxﬂﬂdquﬂhﬁuﬂlﬁm swlwinesiafiew
Mudnuoizi@ufuil ﬁﬂuauuij“naﬂi'uﬂ#lunﬂaﬂw-} W TR e sm Il
wEnuasawn i@ lumiasyes  usuwifdsTzrzmeunsniuazbadsesrasmemas
adwenuingy  maeResiduienduWadaniusaidugudilinuduidio
lanou arﬂauun:'[utnqmﬂﬁmuﬂmui’nmﬂaﬁnmuuﬂminlﬂﬂwmn'mqﬂm:*rh
'Haﬁamwimmnmﬁ"wa-ﬁumqai‘anmmnﬁﬁu

2 nalnmmiaanuiow
edwlulmnaviraanfludnensdriiusiuees uasrnIneTiauniulag
o fidiulan: gnp*i‘u'ﬁ'[nﬂ%‘nqﬂtﬂmuwalimn:mﬁwﬂmﬁwqﬁﬂmmuuw
wfie ti—ma:ﬂ-r-fuaunmmqﬁunﬁﬂuhmﬂmﬂwmﬂuhmnqﬂniuau'hfﬁﬂu
Llasariulalifimgedusaniagrauniasinn i‘qﬂnuﬁnﬁﬂmwﬂﬂﬂﬂﬂﬂw
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nany mansoeanawiaEiulamam n"ni-‘ai‘ﬁt}mmmliwnﬁmﬁﬁnnﬁuhlmﬂﬂfmq
ruruinuiisennaerinndnglnfiidgadaomalnfivh ity Tnnoviindunsfiio
fuiaafiluanaude m-nﬁﬂm:rmﬁmﬂ"uﬁmﬂn'lanma:mmﬁnuﬂuuunqu:m
wlwa

1. mawflenbuitasvinlsesu (lon Conduction)

leilessuaglumnainin losawezmrmuinteyWagdlufimienu

*f*:'luumulﬂ':'hﬂﬂi’wi‘muwﬁ:adnnnmﬂuﬁmmmﬂuﬂﬂufﬂu arufoussiuiy
effmnulasawnnidesrinlaseuszindauflsnsiumifianisrusailih Somw
Infhaglusasnnuilulnsowiud 245 eHz Fwadilummuiueslsesudannt
Flwerwdawfuiu nmﬁnﬁﬂﬂmﬁnw1n1nnauﬂ~ﬁﬁ‘uu1ﬁﬂm‘nnﬁuqann‘hlnmn

2. nrrryuves lalwa (Dipols Rotation)

iﬂuﬂnﬂunmpifﬁunﬁ1mﬁnm1mdmﬂﬂ#dan;4mw1ﬂi1 lalna
ssfimmlRnwssdalmsssutaluswna Wi muldanmnin@lalwss=inulio
ﬂn'mmm::ﬁmtﬂnnqlumw‘lﬂﬂﬂﬂ'[ﬂnm:n:nui“nﬁnmmmlumqalﬂ'u;ﬂuﬁmlm
fusmnlherudaussfsdsrmnnmgdmdommssuanateln
3. Tednniinadonsusplanislulanom

fikdofslifiaiariinfehbiisienmasudaldsuadululomo
ﬂﬁm"thﬁ':uﬂqnﬁnmﬂi‘ﬁﬂﬂlinﬂmaﬁq muiRRansivegiugomnd  arudu
armwinuselyiuing  vesing amudifiafumniRlabdinednenusdgdans
n':uquwﬁimuuﬂmln'l.ﬂﬂﬂunqmuqﬂ sutRfmuInedewoinm e Blnesnmeld
minuAnufigifio Complex Parmiltivity (€7)

zﬂuuuﬁﬂawuamﬁﬂnﬁﬂnﬁn tinenanugiveaivlsfiingin

WY TnRum

e = €. (2:27)

Tanf
g€ fo  dwefilafilinesn
€' fa Dielectic Loss Factor

ﬂ1ﬁqﬁ-nHa‘lﬂEuﬂnn’lﬂi'nﬂnﬂﬂmﬂuﬁiﬁﬂwnﬁqﬁﬂ mIReUmaadlalva
Lﬂaagﬂumﬂuuﬂmﬂnlﬂﬂ'l

Dielectric loss factor wARIHNBwAsrWATRIWIzwe el waruminuu

winWfhussmanszssamuiauluion loss factor {um_jﬁ'ﬂﬂu.i'unmmﬂn Taind

o
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agfie muuRladnedn Salinihwuad Effective Loss Factor (8. dutiaTiy Loss

Factor Ynuiis ll
I _ i Eﬂ' i}

Ear = Eggt m;+ﬁm1+ﬂwmﬂuﬂ1=ﬂ'{m}+ﬁwm&m (2.28) |

|

WIENWT d, ¢, & uss MW wineila Telwa Silinmesiin essauiin UREUANIRA-LTIN l‘

et mudiau

Tulanaw muntnlfaradanimivism udnsdidssnmagd pwuyRsmnin- 1w
Bulnainfifluneuh et mviamainussm @ leBil@nednlume
ﬂ1'|.i'[nﬂm'."liwmu'[ﬁ'ﬁﬂﬂ11ﬁu11n1nﬂdhmf1mtrrmnhuﬂu;.muqu YrilWnasnladd
munfi inBdEnsinanssiuamammb Wi At (Luochese et al. 2000)

. Electiic ficld Samale holder |
Vi fiold |
|

| Devector/Amplifier J— - - )

- ns
i 29 dnvacmolussaaismereusudlasEnen (Lucchese ef al, 2000)

Fempeid s |
[ MRS

I

= Bl

Power less (dBmit

1 il
U DO A R S D
- 0w =

- — — - - -

Frequenoy (Ll ¢y | l

J A= [ i
3N 240 sudiufizwing dP (power absorbed) us: sTwfmBINITTIUTRTEh
dnfisurummaeseulanliifudaths (Lucchese of af, 2000) 'l
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1 29 uss 2.10 WhaetesdousznriflianagyiveiRladiineinyeans
flvahén rn1i:r'unﬂﬂaﬂmhmmyrmﬂﬁl&rﬁﬁwtﬁnﬂﬂufw‘imdmmh
Schneider of al, (1945) Fafnefi IndtEnsinussnggRosuTR isddnsinyeamns
Flowiuiifiyahén 50 phr Tagldianuilusiag 100 He - 3 GHz 1Fgmngi 20,40 usz 60°C
Hanna ef al. (1992) Sneuia indineinyeamaiilawhutuiu Tnslfrrnufilugae 1
KMz - 40 MHz Mmivhisriiens vssandusplandiDuunds i liAadsy e
Firirenesunhnd et it fadu
Younan ef al (1885) Anwnmuiiwme liussnaWEng veameBRmEufnmuh
dlanldrnuflugos 100 Hz - 10 MHz wurhaui leddEnsinfutudefBn o
it uamrhdmufieiuesiussnhashduesee  meessasauiRleSdEnednidie
swmmludafianenil 90 °C uddsadumsfifihdmBanmnnnd 50 phe
JTafusanisldiulano
1. WudrriRlwnrmiml fitrewiemeium e T
2. Cure Witanhudoifinufunlerudowing
3. WuszEnmEnwlums Cure.

4. thowiswasrmiuasta annmhmainudaurrmuen
Yakuveantildlulaod

1. anuwﬁmuﬂli’uﬁmqﬁmn

2. masanaanAnsuhidifieesomalunaldin

3. ararfaufitns 1@ limiueus

4. \fim Over Cure 18




=
unn 3

an qﬂn‘mf WREIGNMINAAD]

3.1 79

3.4.1 45TINT@A (Natural Rubber, NR) 7191 2 1flafe STR sL diueaunsd
imadon STR 20 lusdnursiihmadu RSS No3 lntnauinsye s Bwanen
T uidn orsgmemnTTumus diia

31.2 198RAM (Ethylene Propylene Diene Terpolymer, EPDM) ({utrsunia®
17 INTR Ketton714 #1184 diene content Tile Ethylidene Norbonene (ENB) winfiu
8% i Ethylene content (il 52 Wafidiud dnramilayil ML1+4 125'C  wiru 85
swibnlan Ui Bayer Thal Co.,Ltd.

343 wwlusluiivind (Bromobutyl Rubber, BIR ) Famamidifle Polysar
Bromobutyl X2 fnfumlusiiuag 1.89 wadidud sdnlae Wi lues? tmmmoeuil

a.1.4 anddnuaulslaid ( Maleic anhydride ) 1fia AR-grade  m1anfign 9s.8
% anwoadwndefriu  gavasumalohiu 1108 ssmismidos  wERlanuTEn
Fluka =inaeiaaiuaud Smihnlsouisn qﬂ'wtﬂﬂ'li'n e

3.1.5 Aanliofu (Chioroform) hueswaile  Sdudrssamomeafady
waslinlouarazsolusiv Waldlunmeioumalyiiedfndy wdalay 1350 BOH
drm

3.1.6 Ingiin (Toluens) ilvysanarle lilumswdsumsszso 50% unmuesly
Ingdu dwiuiuluslufiaonnmaidimesnoneelufieEffds Hwmbolao
UTEN Inmate 0

34.7 i mea (Methanol) (wssanaile wiin Commercial grade MdRudatNa
ussiwiuuaazany 50% wmmealuingduimivilusiufimievinmohufiimesn
sinrlysiuadffiy dwmboley U5 Snene e

3.1.8 Tusilu (Bromine) vsaama ey Wwdiiitetumeinmg
3 wEnlap U3 Reidel-de Hasn Co., Ltd,, Germany

31.9 axflawn (Acetons) Wuvoawarla wmsin fgmiiamriiriy 55 aam
watlye  IElunmsnecnauensazmeiAfduintes weeliifuirihasmolunraiees
athaim3LLadas Nuclear magnatic resonance




3.4.10 TnunmiBoulonsonled (Potassium Hydroxide) (Husfin AR-grade I
arSanivhiy 85% shwinluanavhiu 56.11 nivdolus Mieoumsezamnes
grulwunmTnylonsanled uBalanSim Risdelde-Hean tt=iva e

3.1.11 umlvBinuannonod (Benzoy! Alcohol) (husfln AR-grade Tarunignt
iy 898%  hminluanaohiu 108,14 nudelua TyaRenagwingg 204-207
smigaEns  Amuwwwinagiuiig 1.043-1.046 niy dognmnadianies  lidud
Tezmwhanuurues s medsyesszaonarulwnmSoulasenled séa
IanTem Riedel-de-Hean thzinmpaniu

3.4.12 Ruedvnidn (Phenolpthaiens) IHilluiudmmatlunmsmnmamresao
e mnEmTRsmsaneITslnunmdou- lansen o :'nfwﬁ'ﬂumqllﬂ"lﬁu 318.3 niy
dalua  Dgemaeumanagludn 258-262 ssmiaaiom #h pH iy 8 wEalamiTen
Merk UrzinmioaTiu

31.13 2aupdfusdinumlelnetlaa (2-Mercaptobenzothiazole, MBT) (Thisis
azidnammRsssoulfiludadimriam nd dwiholas USen vt inowei-rined s

3144 imrswiialngusnledaldd (Tetramethy! thiuramdisulphide, TMTD)
hussasiBeafu Willuidamriamud Smbolaovhdmmwryinowmisiue s

3145 Sarieanlsd (Zinc Oxide, 2n0) Jwmanduaivn Hdudndu
fimlan vhin isfinowmAel dne

3.4.46 nTAaLAnIn (Stearic Acid ) ihunBiaifin 4 finBasden I ludnszduiw
nuSarfaenled dmbhwler v twerInowiinms dne

3.1.47 musid (Sulphur, 8) {ussfmwies Wduemsiam udlume Swibolag
Vi vy inonilioust dne

3.4.18 1M1 (Carbon Black ) ilhwnila High Abrasion Fumace (HAF) inTa N-
330 (inmrsrsuetulaimEnm (Reinforcing Filler) Yadwislae v iwerlnmad
fius e

3.2 qﬂnﬂﬁﬁﬂummnw
3.2.1 indesnnumaanagnniia (Two roll mil) Wlumruniazumizanaung

Eﬂﬂﬁldﬁ!u1ﬂmuﬁnm 6 #7 o 12 ﬁ':ﬁ'mhunﬂmhﬂwaaannﬁmthdagn
nfiawia (Friction Ratio) il 1:1.25 wimlae 13 Fowtgmete diin

3.22 ininaTlniimaduuusiunim (Oscillating disk rheometer, ODR) \lhweTas
WITSIEIRIMTTANTENETN (cure time) W Monsanto Rheomster 2000 g mlanzuuy
Biconical Disk nmaussvwmyundulindandioyy 1 ssm amud 100 Taudeund
wAnlAD UTEN Monsanto Co,, Lid , USA
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1.2.3 i3s3 ledmafuvuallaa 33 adiinad (Rosand capillary rheometer)
Whusdasiwmuinisnavasnafiwat ﬂnnuanﬁuﬁﬁui‘mﬁ'ﬂﬁﬂﬂuﬁu 3 W i

eutines [wnawld dsnenscusniieunimfdianmiang (Die) fawuwvausdasd
diuliznaumania nml'i'ﬂmﬂnugnﬂuﬁ':Hﬁ%ﬂimnhanuﬁuﬂﬂmhﬁﬂhﬂﬂu
wihnaswiwasdeu®  wansinienudlunmnessulifunsiudnridauiivn iwas-
ETWRBUELTIN WA LS HEw ey 1Ty Resand Precision Limited Utzinasanms

3.2.4 183 DaNANBULTIAY (Tensometer) 1ThurdasfilFiamumusang wia Fedu
vhwel Transduesr TWIR 10 kN ju H10KS sBalag UT¥M Hounsfield Test Equipment
LAl

3.25 einmansunIsaudmameimad (Thermogravimetric  analyser,
T6A) hwrtaimaseuin TGA-50 dmiummesaunmamedmemeiweifgumni
gelaimiminfiiolivesiondogunpiuionly wialay 1ivn Shizadzu $1iw
Urzine fiju

3.2.6 (@384 Differential Scanning Calorimeter (DSC) (husasfiodu DSC (ac)
pes lddmiunmwiguinglanwuiy (Glass tansiion tempurature, Tg) leweamin
naeauldludgungl —160 fis 770 ssrmuesifive wiwlag Rheometric Scientific Co.,
Lid. 1l3zind aRTaI00NnT

3.2.7 inariuitda (Geer Aging Oven) ugaulWrrufouurimadai lunasay
anularwlssmniimefEndeasmnmildameionlutsoeiiteus  dwbwley
vismimbrusalefien $ie

3.2.8 (W38 Nuclear Magnetic Resonance Spectroscopy (NMR) mmﬂ'%mju
UNITY INOVA 500 wawlao Ui VARIAN e anuiilums-naasu 500 MHz

3.2.0 ininsdauh loasafnuuuanstu e miudnuFSunaray sinlaoisn
TEUTTQEMITIN TR

3.2.10 ie3sanansulalew iThiadssliafiitain Hampden 603 Ozone Cabinet
IFEmiumasauarudinudolalousesiuinaths  wlalen  Hempden Co., Lid
rsinagann e

3.2.11 in3nananuTuwnad (Brabender Plasticordar) (huintuanaumeiu
Fadl Urznevimnlnaed 2 aed wywdoniu mldife Friction seniwiinveslnaed
waaumuiiFuey 80 !ﬂmﬁﬁfwimn: sunrnAuaugamniidlaldneiaulweiou
vl anum i lneedaanmmliuldaudaans wialas U8 Brabender OHG Duisburg
tszinmpasuil

3212 1adssiaanuuis (Hardness Tester) 19uuy Shore Duromster AuuSa
inaaoulaimianiu Shore A sialan v Brevetti Aftd Uszimedima




A

3.213 I-H*ﬂ'ﬂ Dynamic Mechanical Analyzer serles 7 (DMAT) Dhwsdesle
gmiufnwmnifiweififmesesiandieg midnshlwwaiemnoislunsiiemed
midna it Bnavemefiweilaweafinuds afalag UiSn Perkin Elmer thzinamiy
aufim

13 3Emmeaane
3.3.1 mmuawdsusTnmEnuea e dfAEN
3.3.1.14 mawTesswlusiadffion (BEPDM)
asaunaafnds 60 nfu lunsslmlefy 1.2 S udmmwdnismith

seusiawifi fignmgiveadwom 24 s wdnfummesaolnfilussslmefnmy
i 2% TaotfueT tiinm 150 GeRier mudaliifiaufite 2 s e

fudredoummies  dwdo  50%  wrealulngBusumrazaule  eulugey
qgnmngawnil 70 °c Jhuam 72 F3las (Yoon et at, 1896) mimiwhenaflduee
waumamsfevesluriudedinms 'H-numr

3312 manausud@ntlvanssmedudaniadas Capillsry  extrusion
rheometar

sareliDiwinmudnndunisiuaud NREPDM was NR/BEPDM 1vh
fils 100/0, 25/75, 50/50, 75/25 uAx 0/100 Y baich size Wil 250 Ny Wndhugn
nEaIwe 6 i aownd 60 “C 1A nip viil 1.3 Dafiwes TanureefifBounnnh
1@ n'lﬁrﬁqnn‘ifq 2 wiitvinislaewanrieas Weey veswinfulwiledeiwdisanm
&5 wift vesielin 2 Wt i lnessusudRmynedoirdss Capillery extrusion
rheometer
deafilddndndudn g suldinadw die Adariimiludisausu

\finduflaf uans Apparent shear stress ue: apparent shear rate wiavhmIRRITMN
amnuivsumvasmstanaanifusieumiiainegs Taunsudly apparent shear stress
ifln true shear siresslanmTin Beckiey comection Suimudlylaenmaliou ong
die Wiihi zero die Tapynmunly apparent shear rate 1Willu true shear rate Tntldau
v 3.1
True wall shear rate (s ) : Wi =[%)y@ (3.1)

nmaraufigamnd 100 'c Ve ( Die ) 7ia Long Die fflarues 32 uas
Zero Die \fusimgudnes 2 Safiue ussuihewTuianlute 10-1500 daiuaf
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3.3.1.3 mMmeasaumIAT Glass transition temperature il'l":ulﬂi'm Differentiai
scanning calorimeter (DSC)

Anfatiamafusinia 3.9.1.2 W 9 thwindnm 15 HafinTusalu
im8fas DSC RALLEER L TR T7) Lo pTRTA et s, ) pey lulemswmaalunsan
ngivesree lnvlimeangomnlidu 2 Hwfs TRumangamgdasunizoga
goumgilszinm —30 ¢ nnfuﬂﬁnuiﬁqmnqﬂnnmnﬂmmﬂqmnqﬁﬂtmm 60
c uﬁ1ﬁ1mﬂnqmﬂqﬂmaiﬂ1ﬂimmﬂqmnqﬁ ~80 'C wimldouligmmnBuestnonn
m‘[ﬂmuuﬂqmnthmﬁumnm ~100 C 11n-.fu1ﬁn1wfauurii“1amam+ﬁui‘nn 10
C downd

3.3.1.4 nrAnmiansmenisian luduasn SMmInsARYBIMTIRa ke
AmitLaznandewgniluand 31 suhisusmed o

RITIaM 3.1 gmmmamhﬂé‘mhunmuﬁuﬁw q

8AT (phr) AlB| C D E F G H 1 J K
R5S no3 100 - - - - - - - - 43 &
STR 5L - | ¥00| - - - 75 1 50 | 25 | 75 | 50 | 25
STR 20 - = | 100 - - - - - a a -
EPDM - - = 100} - 25 | 50 | 715 - - -
BEPDM - - - = |100] - - - 25 | 50 | 25
Zn0 5 5 5 5 5 5 5 5 5 5 5
Staaric acld 2 2 2 2 2 2 2 2 2 2 2
MBT 05|105|/05 |05 |05 |05|05)| 05|05 05 | 0.5
TMTD 15115 |15 |15 |15 |15 (15| 15 | 15 | 15 1.5
Sulphur VIS|1105| 1.75 | 176 | 1.75 | .75 [ 175|175 | 1.75 | 1.75 1.75




[T
'H"I'.I"I-I'ﬂ 3.2 A WMUBNMITHEI DN

wififl il
o
Zn+Steanc acid
10 MET+TMTD
13 &
15 LEMEREEn

wnauausildmdnsaemyian luddetes ODR ﬂqmﬁqﬁ 150 °C
dmdumaio i limssaumdnwosmaiamludigungll 150 180 170 180 uas
190 °c 1w 60 wifl uaziiufind Torque 10 9 30 SRl Tt Aldnfwan
wismsse mianTedu demsz@eeiie 2.5

3.3.1.5 nsAnsIRTIENTRSs MR s TR RuesaaRmen (lusime
Ay vaemaandisnmdun nuandeig o

shenmvina s el s ememen e
uaRdn funmnuniafistmlsessmugmunaiuuasiudrmbusugnsim
iqmmmhamaﬁnimmgﬁmunni:'q;m‘mﬂgdﬂqn dmivmarrumAussinaBR§
iy sudeu Iﬂunmmamui_mﬂummﬁ 3.3 TanfldfuiwnesnTraudaemTin 3.2
wimahliwsenrrias ludasadmeiss ODR gungl 150 “c uasuilus
winlagiirmadauh Taoeafiladarumin 1.5-3 Dafims

A1 3.3 !ﬂmamﬁnnﬂmlw{ NR , EPDM )
e {phr) L M M o P Q R -] T u v
i 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Zn0O 5 5 5 5 5 5 5 5 s 5 5
Stearicacid | 2 2 2 2 2 2 2 2 2 2 2
MBT 05|05|05|05|056|05)|05|05|01 )02 (023

TMTD 165 |16 |16 |15 |95 | 15 |15 |15 | 04 | 04 | Q5
Sulphur 025105 1 |125) 15 |1.76| 2 | 25 |0.25)] 0.2 j0.25

(MDA ; ETTRITARENERT L f0 S ues eBRfEunmgas L T V)

dmadamludile Wnassumsmuduiuss@srememuonmwauTimmm
wwandn lansnunandi 5 dafwss o 150 Saliues Safuumenalilzosdesnin

od
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il 5 uRweT wdrhmmlfusnmlasnsbeouean 300% Aol 15
waft sniulsanlirsfiuzl 15 wfl widanimiin 25 niussuniveugndy AT 1
W SerzpsvaTewinatanta auaziBon 0.01 LTURLUAT wdanbwingn 25 niu aRald
WA IRTHEWD yhethaitwidan q sunmatnaladisnm 300% wasbsmPwinuas
aunrrastanREeuf Wud IR uRuE | [REHENTINARBIULAETTIAINIT
SailusmesaaTed 3.4

al P R as -
W19 3.4 n"m““ﬂtlﬂ!ﬂ‘lﬂ AW Li“ﬂ“IEMJ-nﬁﬂm‘WElﬂmﬂﬂﬂ11“i

omnAare | oo | a | adia) | F=mg | Va | Fie-(1/a) |
() {cm)

Tasfl & = (aurafifle) / (Fruody) was g fis 981 wy.fund
TInuWEIRNTMA AR RETERIN F /(8 - (1/a')) i ¥ 1/a WS IR W TR
wnu Y (intercept) fae 1a n'.]umul uhmﬁﬁa#ﬂmuﬂnmﬂﬂmﬁﬂ M, fi38UNTI 2.30
udrdniandardine: () Wagdlwnmbe TuadanilimiznBuny famunifl 3.2

X = DI2M (3.2)

dnetam i ansainiy 1w 1oc10 Dafwammdnhledeun
coxhiet extraction #7ome@Tny (Wuoe 4 Falvs whdaiuiwin 9 wilufunedhiom
analawody detiwasinsufagnaugs (Jsanm 24 Falug)  sindwendezaouh
senuialeiumafimnnaslefilwlumiud i lunesoudamedss “"C-NMR Taolianm:
mmeEauRIi

- Fraquency 125685 MHz
- Sweep width 20768.4 LS
- Mumber of acquisition 54016

udnlhmnesuflduTimredamote 28 ua:thmﬁ"lmmﬁ'aﬁ




sl - 128 Y

7 3 ﬁmﬁmﬁmﬂnﬁuﬂﬂmﬂwmmww o w125 ppm |

seaminaTuterTINTI#R
ﬂ'lmﬁ'nﬂﬂmpmﬂnﬂ"fmﬁ':»ﬁu a Uafwmy ua:ﬂn‘%mﬁ-wmmmguﬁ‘lﬁu al?
ﬁﬂmrﬁwnunﬁqﬂﬁmﬁwmmmﬁmﬂmﬁ iy b Dafiwe

19,1 s, |

"-rﬂ'-l"-""-r*

gﬂﬁ 3.2 Simrmaan i‘mmmgam-:ﬁymmmﬂn‘ﬂﬂmﬂﬁa 30 ppm veaEraBRFEs




WmmrTsenugnsn iy InEwivssiaehiu B dafiuet uesinarue
mnauﬂaﬁ*’q;:u"lmﬁgdﬁqﬂ whiiv A Dsfuw ﬂnﬁmmmﬁuﬂmmﬁmmu
AT TR TR RAR BA TG Eauﬂnimqwmﬂgqﬂ!n (B/A)

dwivmauewihmrissnuiriusluusrsimesanausudlaoduriney
thae fwaudls sinde 3.3.1.4 (uniiugns A uaz ©) Twwamrdamlud daukhldng
w153 dafwer winbhuomessudueter "CNMR Siemsdidanindedulan
WA AU AR S0 USRI NI WRstERR
iy ludwraandhiniueifdduifoummrvrssyuoaifmby

3.3.1.6 NTIMATILATINNKA DU RIUAEA AR THN AR NI THAN DN
winafildnnda 3.3.1.4 aodunsmeulrenissnawudui e
Urzum 1.5-3 afwaT ﬂwﬁ’mﬂuiumwugdi'mun Y Die C (ASTM D412-98a)
Tnonnsutsiunesausandu 2 % A reawluis umi#ﬂuliﬁqmﬁqﬁ 70 “C iflu
br 72 falw ddludernd 500 dafwesdewifimonuisduusfidefuinieg
(N/mm® WiE MPa)

MR THIoE
Tensile strength = F/A (3.3)
T
F = undofivn lWiunseern (V)
A = fufmbinvasiunarasasdlite mm
Elongation at break = 100 x (L-Lg)lg (3.4)
ot
k8 1=u=ﬁfuﬂﬂﬂﬂugﬂﬁﬁi'1mn {cm)
Ly = mpzriawiimmmasay (em)
% mndiouulamaniug: = dmastuiia - dawduida x 100 (3.5)

ffawluia

i o )
3.3.1.7 MINARBUATINMWABATINTENATEIATEY Thermal gravimetric analyser

(TGA)

sneratarneiam ludeinde 2.3.0.5 Wwiwn g dwin 510 dsfindy nesoy
muldvmimatulenawdodarning 20 Jaffiewiewdl easamImemEey Ay
goonnildindaT 10 °c siauwfi wﬁaqmﬂqﬂ 700 °C




3.3.1.8 MINARTLATINATWINRAR D lTWEBIE1a
anmnthaneTamludoinda 3314 1ww 25 x 14 mwiesuaily
mamavamudumudslaloufiaududu 50 pphm gungll 40°C wefrudmiatinues

wstiry 20 iwas 72 Falus Tifndnsocvesouanfiiedin ( sy 10
1431 Part 1 )

332 MTUANAEOETTHTRNUEWANAIBRGRAION
3321 mMmelsumaniloadiaey
dpnBfimbunie Ketan 714 anasnuewlalesd us: MBTS mmulwedos
usnuuile Barbender Plasticorder Tatld Fill Factor 1l 0.8 goingD 180 us: 200 "C
(Tnsaampfonlulesmmizzwihamsmnlznm 200 us: 220 °C ML) AT
Towed 60 saudewt® Woeluntmmey 3 wss 6 wifl (Ermsmmmuas R muesaess
sn Coran, 1991) Tnglfgwilunmisdouionmaf 3.5

armait 3.5 gaililumaeiounanfiendfinb

mall X \4 Z Z1
Keltan 714 [100  [t00 |00  |100
MAH 1 2 3

Mers  Jo2  Jo2  fo2 oz

el 25 wimmemasmniveeangy Teonguumifummats
thnmanfinuanlolasdliufnmemadaugas X, ¥, Z was 21 Hﬂuﬂqm 180 °C
wmsm 3 wiit anumlussfivihnu 60 seudeuwfi Fill Factor (innu 0.8 ni;uﬂnmtﬂu
mawsm s wslanlfiregss ¥ Weonudhlneefiviu 60 seudewnfl Fill Factor
Wity 0.8 uduhamwplussnalumasefie sy 3 uss § wifl fgmvnd 180 °C uaz
WAy 3 ums 5 wifiigomgll 200 “C Funednwscmailiduiumeiiluide Liles
suinuazsandew et lnsraudaly

3322 malafidwdieatoimaanfiaadnmby

wrafieiouldeniade 3321 wvibiuiand Tnomarfiinniin-
uaslalwsdfllmamomefnnlusnauesndfifdueenly  Tambmedindnds
Whdwiding 41uIm 1.5 iy inasaplwihazaningiu wirnalulngiu 200 Dedfes
Tnulanslumadunsuswn 250 Saadns diulResmgiioanhzam 1 Filus samibish
mrasE AN o 24 Filus Wesumuamfidwue dieesaomaun

A ———




iz

soafpwzunys Savsldirw 2w fe evasfimassldib g mmulsfidudien du
msazatrefinTesdunzunnssutaiiu 2 dnvhdudsiae SuuTnenRenananEsS
Tautzzanol 200 fisdifiaT vasfimmnesneunudsuiisiaaene deafienazney
TWlundedn  exfilawlzzann 50 Saiins drsfisnaenanliv liidusisud il
oulugouRRRTIAAU (Vacuum Oven) ﬁqmn;qﬁ 75 °C lhwaan 15 Falus udniulihued
winad ilallasiunnuiuiluummmersdmnintest s lun B s
anuaw-lalesdfinrméundueneeieBfifily  massmwdwirent s s
REATE Ingausamnatiwdslimseemodanudutueniu dllilunymmn
anmnanmiveanasnuewlslafinduanamosfiiu i’wm%n—n!ﬂufnmﬁnfn
dwrrirama-lasinladined '

duensfinssaldibleuliiksfigungt 70 °C vm 48 falus AlilRiusndah
winuefld idilaludummilafidudios danrunfl 3.6

% Gel Content - —E—- x 100 {3.6)

A= ﬁ’tﬁi’ﬂﬂﬂﬂn:aa‘lﬂﬂaauuﬂ'ﬂﬁﬁi

B = Wmknurammaur luRawwn

3323 mafnanmrldssanddnuenlelafunluanadidi
ﬁ’1n;n#naﬂﬁu§nﬂulﬂn{uEuﬂntmltﬂﬂfﬂﬁfﬂimn‘f
ez oranaenBffiuiiwiogldonds 3322 $mmedah
sznpponsuldsnazaofnamiagil e 48 $ilue snfhassemogn
wosssuuudusdnnurm@oululud mmeihazasuinhimasaudieios
fudTiss-munlasiWladmed
mylanaflanehanfeeiffdy - manmdnaueumsseniue
wiifnwawlaleasenvnumis 1830 - 1750 em wirnaflamal succinic anhydrde wazdIwAL
1750 - 1660 cm " unﬂaﬁam‘} polymaleic anhydride WRZFATUWANL 760-680 cm LW Intemal
standard  EwIndwIsmERTIERRRR BT leeldeuned a7

{Grigoryeva and Karges-Kocsis, 2000)

- o
AR = A + A e (3.7}

A maoso

ifla

Avssorres = UR AELIARTUEUHTIIRABYRAR 1630-1750 cm




A ™ ﬁnﬂiﬁmﬂﬂﬂnﬁuﬂmmmmiu 1750-1660 om
Aspooes ™ ﬁmﬁmﬂﬁni’uﬁuﬁLﬂmﬂnﬁu 760-680 cm

3.3.24 arswFammanrmavasnasnuonlalasdunluanasosi
afy awpisnmslania
drefeinylgnmanaznaudivesdlnundsvnaudogousn
eruduflalianBanuasinlavesmeuiannda 3322 Fnhwinwluswlzng 1 i
w,) i liAvdndludnhasasingBuUTanm 100 eding dlwiaen 1 Falue ermumy
e tiudingu 0.20 Daftn IWdnddeluin 24 salus hmasaofi nn
sosunndwiilsssueen arrasaoanTad b I lawndomsasaiouaTg
Twunm@uslassan-lod  (potassivm  hydroxide) Twdrhesauamisesiuuwis
weanagad dndw 1 e 9 (URanwdariunes) (fadu 0.025 uafyea laoldRuadrimBy
1 o Wwernsssowrues duiuineehfnm 5 wow ATRINNTEV I TBEAE
SV (T I T wsldnlgpuidadanald 10 Swf
Fiuiwiliasmofinteaesneanimidmb ey ludssogeuannin
i‘uﬂqm&qﬂ 75 °c 1 24 Falw #aﬁ-u'lﬂﬁﬂuuiﬂﬂmﬁ:w‘lﬁﬁni’nﬂuﬂm (W)
ForunyowmFnoaraessfmdsfszndlulngd
Enratnunlglnmbildbminfiuduawlzum 0.01 niu \fluman
Aunaumws 250 SaRBng (Aulnglu (AR-grade) 50 aiANT ueslni 020 TaRdny
ateriatnuekldlmwacy  TEnd 24 e lawedhomissauieTe
Twunadvu-lansanles udu 0.025 uoiuos TalsfuadrmBu 1 % ludvhasao
yueafuiuf-anaifunm 5 woe Lammanasyarsazaim/ouii iy ezl
rursonlasuidledsfiald 10 Gwif ;dﬁnni’urmqnhhihﬁmmﬁnuﬂuiﬂnﬁ
mamnﬁmmﬂmmﬁmﬂﬂ.ﬂﬂﬂﬁmnhﬂ 338

4903 xCxM
= MAH -3 {wliw’]:x Bjj

da ¢ - amudriyesrassua e lansanied (V)
S —————— e U L T
W= ddnnanfiessAfduresivinddnlngiw (o)
W, ﬁ'mﬁ’nmamﬁmnﬁﬁﬁaﬁuniﬁrlﬁ‘nﬁ'mhaﬁu (a)

X = ni'nmrgn‘lulm'l.a-hmmlﬁnunuh‘l.mitﬁﬁu 65.26 %




3.3.2.5 niAnmaniRn s aanA B TN AR U RlenE Ra S
MmsinwmniRang ehumivmaussdemmeratume s Sid
iy Remni@nrinavesensfiy f Glass transiion temperature AN i bud
uRswaUNTINSfwIssmTIam g anuduRie s s B Ry
(linflea@Afia)  vesnauasdRsamEIUARSE 1 ATIUNURDLTIRIURS AT

fmimwdam sisuasnd AR T faudoTes Thermal gravimetric analyser
rrufiunudalalowusims faindeR 3.3.1.2 -3.3.1.8 sudey

3.3.3 mawawdevsTinmnanumeluslutia ng

3331 maeisuas TNt Rewan log

Hiumaeinurerrmndisenlsdfailurmhodld  sswberng

midnarmn@iumluluiolnd  Tanwloufurrramn@dnenlod 25 Tus
wefdud uaz 50 Tuanlefifud ENR25 uss ENR-50) (Waliinleuiumarrsumad
wanledfillwmenad Srossgonsat

grrillSlunmesssifaemafl a6 1111[1wi’uﬂnunu1mﬁug-: (HA) wBesa
Wiililaerauts (Cry rubber contentDRC) 1T 20% smbwdy Emuvin W lﬂu'tﬂ'ﬂqmn
vanbmafienasfisudnwlzrn 30 Wit mtudummwefesin (Pustould
r1n'EnIanaunJn%nnn!ﬁﬁumﬂﬂnfnnmﬂﬂﬁ!mﬁmﬁmﬂummﬂﬂnfﬂn} Taummiy
et 9 (e 1 -f':'{m:- ﬂﬁan‘l.ﬁﬁndﬁﬁimﬂqmuqi 50°C usnhmufiu
fatahmakznm 10 ua, nﬂnﬁlmimﬁmnﬁhunhﬁnmm 7 fie 2, 4,
45,5 55, 6, 65, 7, 7.5, 8, 10 uaz 12 1lus sudwi smniafle s s
uos Faduuduin g dowteddaeme widh Winsfot et 9 Alafovines
wfifinfoesnubinus s lusuuifigamgd 40 C Uz 72 $alus snssarouks
wniuhsrrmaiwenledfuiuds Wessdluasslmedy WoharsiniiBim
wiiwenladlanlfiatos FTar

a7f 3.6 Wnurmadfldlummstoumrrsmaawenod

arand i
Latex dry welght (g) 1156
Mol. repeating unit of NR (1) | 1.7
Hydrogen peroxide (Mol) 2.6
Formic acid (Mol) 08
10% Emubvin W (gl 14
Reaction DRC. (%) 20




3332 myianshmiFaneniinonlsd

e isswenlsdfwinuls  sneToundwiadneeiwiunesa
Teommhdademerrunaiwen ledfutaudniizinm 2 niy wrdmidiviudn 9 ud
dunasanlumralmeflunseansasmnanag faalflnn 1 fu wlesseade
snuneilues nerrmbaoheafldlhriludwiidnns 9 uweadlnunmouluriud
ey dleuflanmpd 50 °c sunmtssasszmevus  wissmisiblFinmel
wfSanmnyan anleddmatedurrinaalasivlialmed FTHR)

mTiwreklanehmaisrremdinen ledemmuaeiuiudnim - sew
sumlsnesfinflummsinenesawisyemyiwenlad sauanalunmef 3.7

wiTen 37 d-'luw.hmniwaaﬂmmnﬂnﬁuﬂuﬂﬂmngﬂaﬁimmwnmmﬁﬁ

wan bed
wyiari \FEREY
CH;, CH,y 2990-2850
C-H ﬁmﬁn—c 835
Bwan lue (Epaxide) B70 ,1240

rrtiRTERlasar e dinen lodvnmineiuBunis lanszwy
frumilsunatia Humi’nrm:mmmaam!ﬁﬂunhiﬁ?ﬂf wifarfi  CH, . Chh #
duntlaaTeat 2090 -2850 om = -C-H fiimeagi o=C Adumlayaiiu 835 cm uas
apoxide faumbatrrniv 870 uas1240 em” wimtuersmi ludwamwalefidiuiiwan
oW hu'l.i'ﬂ'mﬁﬂnnhumﬁuﬂﬂmﬁémmhnnnﬁu 870 uA: B35 cm  fhwatw
fin Absorbance ratio (Ar) nﬂalﬂmﬁnﬁﬂmﬂwiqﬂﬁ' 33 ﬂmmm&ﬁﬂan'l.-n‘ﬂu
mihsluanlafidudmarod @@l (Kuracoss, 1984)

Absorbance ratis =  Bgrg [ (Bgrg * Bgss ) (3.9)




LT

Absorbence ~atic ¢ g ALE

il leg A/9 - ieg C/0 /(,-{""F |

Abgorhance talie

= . 1
B [ 20 n Lo 50 EC |

Mole L, epoxy

. qli a3 nrvinminwsenfnamdinenlvfluluanauarums Davey , 1984) - H

3333  AnvmnianwTlelaidmeieslofimafunumilaats (Capillary "y ]
Extrusion Rheometar) .

|
winumsfurrrmfowen o mauswdiswPeresrrrmanume lutlefaing |]

ol . \ -
fidemawaYg  nauswdfldrermernaiven ledtudndoudsem wactnaumwii
smaindin fammaedl 28

AT A8 BATEWe 9 IBatnaluRNARY
gaIEn BRATIATNEN
NR/BIR 100/0, 75125, 50/50, 2575, 01100
ENR2S 100
ENRS50 100
NR/EIIR/ENR25 67 B22.6M0, 454510,
22 .5/87 510
NR/BHR/ENRSO 67.5/22.5/10, AS/45M10,
22.5/87.5M0
NR/BIIR + Carbon black (40phr) | 100/0, 75/25, 50/60, 25/75, O/100 '|
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vamuensulambhrssufdimudansunmuswise g seroesBoa
WEnuWTIo 3.3.1.2
3334 Anwigunpiiaieuna (To) UOIIANARLRIEIATDY Differential
Scanning Calorimeter (DSCT)
\WItauneEBUIRLITE 3.3.3.3 TnoiRoniawisgnamafiussron
RUATIN MR, BUR, ENR25, ENRS0, NR/BIR:{50/50), NR/BIRENR25(46/4610)Unz
NR/BIIR/ENRS0:(4545/10) ﬂ1n1mnnmmuu"m]w ASTM D 3418-T5 1ﬁuﬂnlﬂﬂﬁﬁ'ﬂ
dszano 15 Jefindu vhmmeseaneldursmmmsauialulssed Wiklsnawmals
meagungiivasiunasey lnolfanmenrmessudsi
Temperature Scan . 400°c #a 0°C
Heating / cooling rate : 10 C/min
3335 Anmanwasnsiaslwdnsamauand

winumanauihfuaud Inuﬂﬂmmmmn:mnﬂumﬁ%mm:amnmgn
nfis wugerdserefl 39 Tastwmidunmvaen sinduddadadeanled  emwuhy
nanEdein o uasiasiy udiay Snmeeendiuuiv winenal s 24 12
Tuuddahomhndnsnendamlud  Taehmmesoudnadadflafimafuvumyu
(ODR 2000) Tﬂul-ﬂ'qmnqﬂ 150 C wiusilin (Torque) #:qnun:unﬂ:nqaqn Aifimurs
wawrswieaiulamed nih sconch time ezl T iam Lud (cure time)

s — ————]
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3336 Anmautiamedandnossnawandianilug

WeneuthadfwiouWWenmiads 3335 wndafufowiouiunseaudon
mr‘rmﬁ'mﬂ’mun'lﬂmin'[nu‘liqmm_lil 150°C MULTeN 90% cure time waswMMlSY
nameufliaduldlunasausBgdelud

33361 MIMARDUATIUATMNMHABUTIRG UASAINE T ERIUETR
nassuhuieaiuwide 3.3.1.8
3.3.3.62 myinda s
NARELATLTIRINTTIM ASTM D 2240-97 T iariteauediou
shore A TauliBunamoufitarumnadotan 6 1., vl 0.25 T winsgoufATnada
ATuuduu shore A liWanananamaly 30 50 udvei e nuudsile
3.3.3.63 mrmasaumInIsiRRIuUETREE
NANBUATINNIHAIN AUNATIM ASTM D245-79 Taol8Sunneauiy

GENHNTEN U UgUINAN 18.5:0.13 uu. B9 12.5:0.25 uy. wisTfuTwie R
wintharnwhiiy 300 s’ Mmsmeesulssdrarmessanasia platen Trnldushy

nnmﬂnﬂumrﬁ-ﬂ’uuuuﬂ:ﬁﬁmmﬁmmnuuqﬁmﬂfumﬁﬁunnlnuhum1
nnmuﬁm‘lﬁwﬁngﬂﬂnmm 30 % windon vhan 3 ada ﬂmfumamﬂaﬂhuh
wiadlifindminAsu Veurlunnarslifeq) 20% rewldguiminbisden s
rigw daldfaniminudsfalsnfaanilamnelimamiiasthsbrs: AW
chronograph  Withnnllmdliu zero reading wifelianruliineds nesdedlinazay
nriWifnuidanlwamunda
nr I
Yerziey resiliencs (%) = [ (8C)/(AB) ] X 100 (3.10)
o A8 dhsishawhasegegwiiywhanssdiAgauasmuuanusms
unisue: BC fullwdndvaiussufios

Yerzley hysieresls = 100 - Yerziey resibence {(3.11)

3.3.3.64 nnadAoy Compression Set

NRAREY Compression Set AUANATTIW ASTM D 395-88 Sunnasuflinsni:
ihwviansanszyuen iEidhuguing 20.0£0.5 1.0, WU 125405 1L guliFagl 25%
T Snsnsianifl 32 subinrafeufigannd 100°C Wwom 72 Hlus e
arufwwasEnhosanTnuduiaiu fﬁﬁﬂﬂﬁﬂ‘uﬂqmnqﬁ\[mﬂmm 30 Wi un
Aufliiharuian uiideiarmumin Twrmsslugpisnlefidudusnmumingy




TITTRIWT
% Compression sel = [{t gt )/ {t gt )] x 100 (3.12)
I
Lo = AWMU NRUABNMTIMREBY
= ATAMWITIENEITTNBUR IR Ta
b, = ATRMNITSILtuTL (spacer)
3337 @nwemanmideauiondasinios Thermalgravimetric Analyzer
(TGA)
nowauenaurwd ian lud sldgmmavandiamludiiniado 2335 TanBen
ldiragws A1, ©1, E1, F1, G1, 31 usz Of '
mnﬁuuﬂ:umnnuﬂwhuinﬁmﬂ-ﬂ'umwumuﬁuﬁnq wimbzano 5-10
fafniy messumsldunmnmlulanswwdsdsnmmlve 20 SefRmvowifireenmy
naEaY '[nmﬁugrmugﬁﬁuﬁ-’nﬂmﬁ 10°C dawfl suflsgunndl 50°C Wimafild 2 Wl
uﬁh’lﬂﬂuqmnqﬁimuﬁa 700°C Jaigf
3.3.2.8 Anauifidanaifossmauand
wmmessdlfgnsnsviniate 3.3.35 whndaiulamBanidionzoeens A1,
C1, E1, F1, G1, J1, 01, R1 uaz 81 shmwmuaiumaaildmedemesmumisssgn
Nl uRzERERNARBUR I 80% cure time figmngd 150°C
Funsmeudinwnsdwrnay i uaudne s 6 Hafway ww 2 Sefwes
TnonmdarnuhdmTuTunneey Tensle udninnanidldunn neseumadantos
oma Tasmilfanslummeanausil
grmgiilutine —100°c & 35 "¢ muldummmedifieg
annmufugmmnd : 5 “Cimin
- Measuring System : Parallel Plate
- mrwdl 1 Hz
- Static force 4000 mN
Dynamic force 3300 mi
334 msindailadiBnain

HEUERIERIUANR B rTrsRnuee il Indisw@nanuiade
3338 hhi’umqmnmﬁn4muﬁﬁumaﬁﬁtﬁu1'ﬂglunai'ammﬂ 310 Bmuhiu
naseufigumndl 150°C WM 90% cure fime launTdRsmuREMREwREDY
Tensile AfGHundige uiniunsmiwanauwnduehugudnaatzn 38 mm

neaBUTIAIad Impedanca/Gain-phase Analyzer i1 HP4194A Haa=1den Cp WEIFIUITR
fasfilaEdnainlaoldaunty
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£ = tXCex1 X 10" (3.13)

Inefl: & fo Relative diclactric constant (Relative parmittivity)
EdEn
C» fid Equivalant parallal capacitance value [F]

¢ fip ArumwriesiunREoy [m)

a1 340 gramarnund meBffby maniesiRmby el

wwell 1 fur vk e 2 fae [as m fas
STRSL (100 |- | (20 oo Jioo |- | 20 fo
epom | [0 | je@ | foo | feo |
mepom k| Jweo | jeo | |- oo |- Jee
o |8 s s ¢ fo fo s s & s
Bteaicacd 2 2 P P P o 2 | | |
MBT . Jos o5 fos fo5 (o5 Jos jos |05 fos os |
e [0 ¢ ¢ oW b o b
TMTD 0 L L e s L | S
caco, [e0 |sa oo oo o0 feo oo o0 oo feo |
INaso  Is s Js s |s (10 fw o [0 o |
Zrcstearstels |5 |5 |5 [s |5 |5 |5 |5 s
Paraffinic ol (15 (30 [0 fso Jso 15 Jao |so [0 |a0
Sulphar 15 NS 15 15 18 HS 185 18 (45 |15

3.3.5 mmareugonpigreitunisausasaawlalason
iwinuFunasaumsnen g 15 mm x 12 mm x 2 mm 1 llaudae
ﬁﬁu‘tﬂHﬂd%nfuﬂwlmﬁﬂnuﬂuﬁqmﬂqﬁﬁu thermocouple  BthaTimTy Yhims
nespuathaiey 3 1 Tnoutnameuduedia: 15 Tnfimdaanfitunaraufiensnd
grarrmnd nadffdy ;manfieedffid uastnawandAldmead 3.10
dwiumaaudrerrmiiumslusluinndldgesnminde 3.3.3.5 lesfan
LGWIZERIING A1, C1, E1, F1, G1, 1, O1, R1 us: 81 wiinureasuuhflaotmoueu

- - J -. - 1
U IATRINATeIURHRYIIEBIgNNEY passunh iwioyldmeseummitni
rmqmnqﬁ




3.3.6 muassuidusiuanduassantianosldueme

EEIRLgRTRINTIN 3,10 Insifiumayriin AC3000F 1Ranm 15 phe Tu
urszganhoensuihfidndnzedineis: Hot Feed Exruder Wufimaiznsdou Tnows
sans iy 90 °c qm“qﬂi"nﬁilm 80 "¢ dmiummindngamarTivmi W
punniwamorhiy 100 °c qm‘nqﬁi’mnﬂm 100 °C dwunmdndngaemaBfifiiEy g
infendfimay ussowand  dmonandushaudnem 65 Dafws Sanaudnily
sildliimimizanm 3 niu was 6 niy ﬁuﬁ.umﬁfmmmﬁmhuﬂudnm: 4.0
fiadwns ua: 6.5 dafuny muday 1wuwmanuﬁ1umhu§1mﬂ1mﬂu FuIm Die
swell (%) 1alanlSaunisf 3.14

% Die Swell = Eﬂﬂ;[}; @hie_ 109 (3.14)
la
@ Exrudate  fla dehgudnmovasrmiviniindnga (ua)
@ Die fia dwhgudnanemasmioniiiu 4.0 usz 6.5 wa,

Tlmfmhmatﬁauluiaummﬂnuﬂn:m‘imh'[mwﬂ wibamewmilu 2, 4, 6, 8,
10, 12 uaz 14 wif lsswbmrsuseniilumuuurufa
1. suinudauemeiauligungi 180 °c
2. audnlalamavl 1 wifl frdumdsam HIGH Fagomp uininleu
fogeumniaiawiuil lfamand 180 °c
3. sudanlulaman 2 wifl fszduwdsem HiGH Tagqunni uizih ey
fmogaummeiawiufl 1iqungd 1e0 °c
3.3.6.1 mamlefiiwd nrmetedanaddu
thneflauudanfevwmidwhwmudnaumudumlonsiaio 1554
naasumais duamwsfliudnrendvedWuldleolSauni .15

o Eipensich = PFoam . @Extrudaie {3.15)

il

@ Foam  fle uiuhguinaausalumamdsnianlud (mm)
@ Extrudate fig (usgudnaesluewisTImEndnge (mm)




3.3.6.2 Araviwiuknooaliune

dnmasEsnIRTnTurTEnm 12 Dane T e

tiﬂ.&hﬂ‘sﬂnauimﬁmm udnirlda W ldbwmiinftuiuou 19unsmay 5 $u Auan
arnmwwiulneldeunif .16

nramiiveedlvuen = weh (3.16)

lan
M= simdnSuneeey @)
ro=  Seiifunesey {em)
h = enusmEwnesey (em)

3363 myinnwiaisaduasinemEias
AntuedWilarumn 1 Dsfwes luesondosyanysdf
fhdauenn 10 wi lhﬂﬁﬁﬁ'ﬁii‘nﬂmnnumﬂ-ﬂuﬂlﬂﬁﬁuﬂ'funn-!niuq TR

ﬂw_mhaamitﬂﬂuﬁumnuﬂﬂa;j'[ﬂ plf B urmaay 2 u v rineesadlan [ Ssung
-
i 347

winuaamad = wwwfdald x 0024 (3.17)

3364 MIAINDRAR AIATIMAMNTIWEBNTER uasTEecBnila
manodldue

ﬁ'nﬁmmr;unmmmmﬁuhguﬁnmam1 10 fiafiumy Tavwe
wwhgudnansuseiunmmnulaglffuneson 5 fu Indudunameunts 1 i
iiunesouinBedasrrudy 500 Hafwwwaunfl FoiniaiTansometer TRNLRS
duamdusefivzuzfa 100, 200 uss 300 % ussTuzinvnsriems ﬂ"l“".ll’lt'-!‘lli‘l-lﬂﬂiﬂ‘ﬁ

fumbedng dmnudumudenainussirosiadore (%) Teoldounsd 318 -
3.20

Modulus = F1.|"l1.'r= (3.18)
Iﬂﬂ
Fi = ussfildDw 100% 200% u&s 300% (N)
R = Salifunanay {mm)




Tensile Strangth

Fy=

FuITl® (MPa)

usefildlagean (N)
falifunamay (mm)

Elongation at Break = 100X (L-L,})/L

wuswEwhafuiisusenaial om)
1.00 cm

(3.19)

(3.20)
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4.1 NTIUAMAENWETIHT R NUsERA s luTIwa BRALB .
411 meluriimadAfdy

winmawisupalufuadffBurminiade 331 WodinlwedAadud
Sinheay ferwlawguathory  ahdsiemehniusiAnsufldlBened
#stos 'H-NMR 'Limﬂnn":’uﬁ'ayjﬂ 4.1 uﬂumﬂtruﬁmﬂmﬁmwmaiﬂ-ﬂkﬁuhgdﬂ
4.2 wrhaneiuvs st fassueeraluiiundfiiy usnanddaduimasllmen
ﬁnglung CHy us: CH, ﬂuﬁumﬁuuuﬁ'ﬂn:ﬁm fisumia 0.9 ppm WA: 1.3 ppm Wil
dey Jummdnuusdyguees  Tavediwed lusvmeslwylniu uasiefisin wu
fay waswuh muUndduvsreludsEffduusnsha nmdnafuvesoeBRfEy
3 sumilafie wundaaSwiusslilmen fidumia 4.506 ppm Inynisfimnefuyea 84
fubuehildygrouwtlouudidumbl ridaiwfmsdlummaufiniafudwmiad s
Dudggnmesshlmeuuwius: Bre-cHer SilavunAllsrenusius: C-CH-Br usn
Fyqrafidunkatizrm 4.2 ppm (RuSeussTiund, 2539) uasvinmyidoues Tsai
et af. (1998) Soinmlusiiuawaiiwefslia Poly (p-methyistyrens-co-styrane) —block-poly
(ethylene-co-butene) ~block-poly (p-methylstyrane-co-styrene) wudn wiavljiFunlusd
Wi wuiedeaddfmalinaufisunis 4.75 pom
aulnafufifinnmuBouwlssdBnsesiuniifebiifygnuiiduminiznm 50
uaz 52 ppm vesmunwivvasmalusiuedffidy Saludygouleuunduasllme
Tumal oH flagnviussy R,C=CHCH, 1lla ® s Joumve=Elonfiin (Ruflnuaziniund,
2538) HIuERISNE0IETAI termonomer THW ethylidene norbomena 1M WERTEY umas
et heufuimdffEuiuiiamnmdnl s W fdulaiies
§ edwlifiew rm'nnﬁn#ﬂdmtﬂﬂrﬂmﬁmmlmﬁuﬂti’:'lﬂtm:ﬂ'[ﬂnuhﬂmnqa
Va9 udmwi shezoglutabzunm 2 % (Yoon ef al, 1996) wlossn warwiduyes
JRYoon uaznne edoulurDunBAfBulaoldBualusduiioifunmenssil Tah
mriwmeknBualusiudaeiT Elemental analysis wuiilnadysiv zd - 25 %
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4.1.2 mmasausiEnsilaladoesen smuadsmitlas i Slofine
mmasauauislolafvssnesiusd relRAdy ;elusfiusidfidy s

- i e
WWRWA FunTMAaBIN 3312 'ﬂauﬁﬁmwumrﬁ'm'lumwﬂqﬂ uazATTMRIA 16
HRITINAAB IR

g —¥— EPDM
; / T
£

g

Apparent ihear rate (1)

31.Ii1 4.3 AMUFUYUTIEWwiNa Apparent shear stress Ml Apparent shear rate T8RN
figungd 100°C

rmgﬂif a3 winldh anududewsesmafieiv Hednrndewdtniu Taod
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wmuldinndu uﬂmﬂnmﬂﬂiﬂ;ﬂumﬁﬁtimﬁuﬂninin'mun:ﬁmimmnmin
sraunmanih Wlumesasauauddedamatatuwuss duidaul i uswdidn
M

4.3.3 goamQianmunmaos19@u (glass transition temperature, Tg)
lummasnafiemmenmgianimut (glass transition temperature Tg) Tag
Winsdsil NR, BIR, ENR25, ENRS0, NR/BIIR:(50/50), NR/BIIR/ENR25:(45/45/10) waz
NR/BIR/ENRS0:(45/45/10) uﬂnuﬁumﬁuuﬁqmﬂqﬁmwuﬁmmumﬁm UBSENILBUA
lamarsumaswanloddly fauamsdsnmad 4.0




AT 4.9 sgunpllanmui (Tg) vaarafuriladiag

g M Tg('C)
NR -59.23
Y BIR -58.00
ENR25 3817
ENRS0 2750
NRIBHR : (50/50) -59.50
NRIBUR/ENR2S : (45/45/10) 59.17
NR/BIR/ENRSO : (45/45/10) -58.33

el 48 wurheermunisernsluslud ndlsaunalianmud
(Tg) filndifssiuenfio -59.33 ua: -58.00 “C muddy Taofl Tg wssrerrimadang
dnhrsluslurndidnlos  wsslehmmuswisrrmatumelurluininddh
Fanfhl To IiflusruReafle —50.50°C Hauamsinauswdilnrudaiuled (misciie)
Hevcmonndaaiun1iiouns fgwe (2544) wrien Tg vestRTITIMANTITY —63.08C
ustraluslufiindvindiy  —62.11°C  wssawaudsswitamarTsmafiuealuslads
Indll Tg dufoaswmurhnu -6260°C

wastlanBunfioumarrmadwenled wuhld Tg ganiaTTIITR
walehviummnnomignenlodffaghlumanairmumi dwlere ENR2S
wastitd ENR50 s=ilfh Tg v -38.17 ues -27.50 "C muda

iwfudaldmerrumagnenledidi W lunasudenhanamsumii
walutlufiaing woinlhifuaded Tg vespraueudinminlasesldn Tg Hssiudim
WARATIN I DAL LARA

434 ansoeniTian ndnssmauana

nmmasedtnnaneaenrian s rsluslufiaing ma
srwmaswenled  puswdsswinrurrmaturluslufaindfsendu 1000,
75/25, 50/50, 25/75, 0/100 uaztnauewanlEsTTeTRBwen lodiluiBeautemu
Tagldgmnmesssdammef 3.8 Safiiahd 40 phr lanmamsugomgl 150 °c ldeos
v 50 wift lanammaasafogUf 4.50 —4.51
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Iﬂﬂ 450 anusuvuizwhsrmeiniuosmesrerurd ;melutlufhInd prarss
TIREWEN IRUEZINIUEUA s srsrrsummnuealutludiaing

ﬂnlﬂﬁ 450 wuhanwasyeanrnsiamlud (cure curve) TRILAURRS
wiinsdnnuuandrein lavfivarrnaddneasmrism ludiluur Flat core used
smefnganiealutluinind dwfurelysluinnds:ddnvoemriae ludiduuy
Marching cure Wasiins delayed action fitewihiu dwilmausudwhIrTIuRN
galusludrIndfanndu 7525 ua: 5050 w=ldnwacmiriamwdilluuuy Reversion
cure TOERERTIEIW 2575 AnwaemTiam wdssaaoiumalusluihindifier q fad
UL Marching cure Wa=lln1T delay action firawinatnaiwin Swmiuearsmer@inen
Teduzfidnwaemriamludury  reversion cure uﬂzﬁﬁwufnﬂpnhuuﬁmmiua:ﬁ:
!ﬁw:nﬁmm“gﬁﬁﬂnh\ﬂummmmﬁ
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qufi 451 arwdmnfrwhsimefniuoseimavesiewinmermmanuealus
lufrIndfdfnermemianenlodilududaubzam

rnrpjﬁ 451 wrhdalimarrmatwenledifudndant e lule
e wawsewiessrerdiuew bl ind sslisusdedneasmrianmludues
e wawiinmin Taofl cure curve szmBandurnawandilildursrrsun@Bwanlos
uﬂmnﬁnizﬁﬁﬁnﬁuﬁuqnﬁnﬂhumdmnui ussestRuANATIL mmalwanlad




a30R 410 muliEmyiam ludrasmnauaudgaiig 9

Ipﬁlﬂd |Fwrsu M, M, Scorch |Cure tima
(b-n) | flb-in} | time{min) |. (min).
100/0 5.92 36.28 aarv 623
75/25 6.53 3383 227 91
NR/BIIR 50/50 6.84 3145 227 1058
28075 8.23 3031 22 17.11
o/100 10.62 21.1 3.59 2428
ENR25 100 671 2857 B.34 7.14
EMRS50 100 5.85 41.18 643 7.69
90/0/10 6.71 37.01 234 6.78
67.5/22.5M0 T.28 34.8 234 8.49 )
NR/BIIR/ENR25 | 456/45M10 r.a8 3367 2.16 1133
22.5/67.510 2.9 30.3 2.1 17
0/90/10 104 | 2051 | 208 | 251
20/0/10 7.5 aBe a.06 8.55
67.5/22.510 8.2 38.1 226 10.48
NR/BIR/ENRSD | 45/45M10 r.oz 423 233 1237
22 5/67.5M0 8.4 3346 2.08 2027
orsoMo0 10.2 32.64 2.25 28.48

snemaf 4.10 wuhdusliadan (M) marrrmafsndiian malusluia
Indaziifingeaw humamﬂuﬁ'i:ﬁﬁ*-Lﬂuuuﬂ&fﬁqdﬂnwﬂhnmﬁ'nﬂhmmmﬂuﬂu
flnd dudussnenmeamiefigerasmalnluiing #wivrermmdgwenlod
frfimaniresrrmfdndan wanvinfisusadadgrenfudiumnunfinomynen
Vs ulusnerinme  SnmsusndRimalsmeumaiwenladidudadoy
mm'lﬂ"uMuﬂﬂﬁﬁqmwmuﬂni’nhumﬂmuﬁ

musslingaan (M) yasrsawiEwiarmsrramanuemlusluih ndwu
"i'tﬁuﬂﬂnumnmumn uuﬂannnﬁumammwiuﬂuﬁuwhlimunﬂﬂurannummu
i uﬁnaﬂﬂnmamumnuﬂmrvgjﬂ‘ina‘huﬂ*ﬂnﬂnmmmnﬁmnnﬂmﬂuﬂu{h
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Tnd sndafemmdsulng [Crosslink) Wamisararmumdunmrhsealulufinnd
T biussiagegniivifuinmanfinoadenoseesrirmmd  dmiunaruenia
nenledfimusidagagafigorinamama  wssduiimhnumyinenlodffui
sRsemuniivinluearmmadwanted s ldmafisvuszwivianafesenefidiy
I ovzudodu Soliruselingegeienfigeiu

f1 Scorch fime H?Elﬂ"lnmﬂirtmmuﬂqﬂ wirnmearrmauesma lutiuiinng
uiflndifivsiufioizinn 34 Wil FdurnswsuilmamAmanmubiisue
rinaieudniey Sethszne 23 wifl fwiuoernen#dwenleddwafieusn
uﬂqﬂ'ﬂmnn'hmamumi mnmﬁﬁumn{minﬂﬂummﬁmmnﬂﬁnaniﬁﬂﬂlﬁ:u
fu favrum 67 wift dmiuraandflsrrmrrainenlsdluduSousaues
ﬂh:mnmmuﬂqlﬂnﬁﬁmﬁnmmuﬁﬂﬂldmmi‘mnnlﬁ

1 Cure time wuhwwrmmEdArdidge vasfioululuihIndldgam
uazfl Cure time ‘umumuﬂuﬂuaﬂﬁummmuum'nimﬁﬂu wufladamidmuas
trarrmmagssshliiiin Cure time shavila Cure Fril ilassnemnmaiiumy
Froalalivisvasmimrenafnnrireluleiing Enhudafanmaouius:
(Crossiink) Twdmmssrurrmmairhwewluslefnd SinrmmfafHinaem
malumaandesiunnfisese it biTmnfouiunduiilu
cure time $sshasmnnfinuessnarrem@  dmfumermemagwenlediif cure time
ganinsmrrem @ wasAuisnmnomgiven o Taofinsusmissiomoud
wenlwdidunlanrendaewezdushWfe fifendeulosiude dmiug e
ldmammmagwenledidufdoulmuesihlin cure time yassusudimamnda
i ursfsdumanFuaogivenled wemsivdBwenladmseclsunmwIosams
W fmoudouloslumawsudasonald cure time Fiaald

435 auiameiandensarauandian lud
hresesimdfwionldeninde 3355 ndainsissiunaseusiae
wissdauhuulalndnlaoligamgd 150°C muam 80% cure time warrnaln
neroufisioyldlunameusimdialud

4.3.51 ATIHATHTTRABUTIAY

vinmEUR UM WELIRmTINRT ASTM D 412-98 URSMRADUALLR
wiatludemuninde 3.8.3.6 ldnammeasagUfi 4.52
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ST N T

31]1'1 452 1 300 % modulus TRaIENEEWhImeETRmATura sy Inddd
waelrarrrnmagwenloddudnBomisza plu-lihlids)

dauRuufeumafswuinarrsungwenled 50 difn 300%modulus §9
aw (12.66 MPa) J83R3INTE T RBwanew 25 (11.54 MPa) BWEITUITE (10.98
MPa) tasmaluslufinlng (7.81 MPa) snuihdy wefirammmadignimshuludi
'lniliia-mn'l.u'[mnqnn‘mn*lmﬂiﬁi‘unﬁﬁﬁaa'hmnrrh'lu'[umqama'[mhﬁa‘mi T
ﬂﬂﬂ'mamumﬁﬂﬁ'm:r:ﬁ“ﬂﬂﬂa'ﬂﬁu’ﬂ:ﬁ:ﬂhﬁ[ﬁhmqﬂmﬁmmnnmu'lj.li'aumﬁa
Srnuuisusanniiu wanvnipsmnfdumefimrsoeneiniddefs dniuded
fiv 300%modulus figaniowlutlufalng  dwiuensrrunfsnenledida) 300%
modulus ﬂgaﬂhmamumﬁua:mﬂuﬂuﬁﬂni mhﬂugﬁmmﬁmm&ghﬂn‘hﬁ'ﬁ
Tlueasriumd %quma‘lﬂtﬁuﬁmﬁ}ngﬁﬂun‘l-uﬂnﬂungﬂﬂnmwi"ﬂmmmi
sxvriasuszm ey lus\dRintei mededauudous srnfisiu
FwiusaTiawanauawi i srmanumaluslyininadduadad
300%modulus WWAaMIRINFA M TR lusRwasdehllldn 300% modulus
gaﬁa{u nﬂmmiﬂnm.rnnurriﬂmwﬁhumuﬂamﬂ:ﬁgan-huwluﬂuﬂ'ﬂﬂﬁ WRZWL
huwmnuﬁ:mﬁamummﬂirTuma'[m'[uﬂ11ﬂiﬂﬁu1miﬁﬁunhinﬁuﬁn‘iﬂu
Urzarmnndnmsau Sifn 300 % moduius i liufuganireawawdiLifisasr
111ﬁE-nnn'l.ﬁ\iLﬂur:h1.1n:11.11=muuaﬁ=1ﬁu€umuﬂ’wm“&ﬁﬂpniﬁﬁﬂumﬁmmﬁ
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vwufie dewandinarmrmeananied 25 lutrarsnmafdamsm soiro S 300 o
modulus  gonnenTTInRRD, m-n:wrmi'lufwmmarmwﬁﬁnun'lﬂ;ﬁuﬁuw
Emﬂmmﬁaﬁmqngﬁu

dinwandmorrnRiwanlod 25 Lunalusluiandfdnrdm omormo Oen
300 % modubs ganhunshusluflndidey Wessnmmuntudirin wanvndwr
tnawauAfBeauila a0 % modulus gﬁummﬁuﬂmummﬂmmnmﬂum:’tﬂ
rnmnmanen i Wlumaumdilols i Wlite swdunndmieny
nﬂufuuqnﬁ'uaﬂuuﬁquwhpiu

dewawdnammnnaawonled 25 duiafeuzmmilurausudigarsm
67522510 [ 300 % modus gonnuleifruiufidamem 7525, Rderdm
4514510 fin 300 % modus ganiuefoufifdamsy 5050  ussREnTIEy
22.5/67.5/10 f1 300 % modulus gonhwdafioutufiannm 2575 1ﬂnmnmqﬂﬂ
VLA

Fwiumausudildmemnumagwenled so dwdnToanlssrmmndandm
5iF1 300 % modulus JusalilusunfumeMlamorrmriwanlad 25 Wudnfay
Uiz uiild 300 % modulus ganimninTiam

fmTusuEnan e w300 % modulus ﬁuﬁﬂfmhumamnﬂ
Lifnnnhnn1mmi¢ﬁ11ﬂumqnm1mﬁumnﬂmﬁnmn4anﬂun=ﬁuﬁn St lienad
ATLEILTIn Y

VINQUTL 4.53 wrhdammwssnauswiE e funilulugs
'lnﬂ'ﬂHiiahmmiﬁumuﬁum:iaﬁ'nﬁnmimimﬁum 300% modulus  wwAamTfLy
tﬁmmm-:m:mﬂmamnuﬂﬂﬂmnﬂuﬁwmuﬂnmﬁﬁpﬂﬂu Tnofirarrsy
'lﬂiLﬁmﬁmwiﬁunwﬁuimlaqaqm.ﬁmmﬂnluImnqwmmamuﬂh:ﬂﬁ'un_njft
dedbannnilulusneealyslugsing hmlﬁﬂmnmiﬂi'um#aﬂwﬁi‘ur:ﬂ
swiwliluanaluBunanne e u&nﬂnﬁmmwﬁmmmminﬁtﬂnlﬁa
fnnuudausannaliugn

tﬂmﬁmlﬂuulummmu'mnmﬂiﬂﬂnhﬁﬁ (1745 MPa) usstraFTy
mfdwenledso (15.80 MPa) wuhwelidwhnhrmermiumi un::i:ﬂ"mammﬂmmugﬁ
wanledAiluearramé Inuﬂuwmmﬁhuun‘h&nmmmnnin‘lﬁlﬂaﬁmﬂmﬂm
T T T uRmImumABenlsdssummamiiursglaoussriinganenlndds
Lﬂuuq-ﬁtﬁunqwamwfﬂumamuni emssihiiminszrmdoulonlsundieriormy
i ﬂn:muu1ai=inmuuﬁnﬁu{uﬁﬂimm}mmnmwfu

dwfu:m]‘hmmmi’aﬂmm:mrhﬁﬂﬁmnﬂuEmmmiﬂmaiamqu'um
auﬂmﬁqmamiﬁumaﬁnﬁh‘lﬂﬁmimhmzlhﬂ'"ma . WHIWTTRIm#@Bwen




0y

luduzddgeiiun wanabiviuidedmmindalusnye s smsawenlodies

mﬂi:nﬁnﬂ*m‘ﬂauﬁ'ur:ﬁ‘uﬁnun:ﬁnmiﬂuaI;J'-anugnhnnﬁaifu T Wadanunds
wIau ey

= MEEIR Tahlufs s MAMBIER tuifa

Elangatinn & bresk (%)
g
l

—=— MR/BHRENRZS Telilands -l RS ENAR S uda
s ==— NRBHAENRSD Tabiluide % NRBIRENRSD thade
250 L
NRABIRENR oomite 67.5/22 8010 45HEMD 22 6/6T 510 oe0r10
NRBIR S omo 75125 50150 267 e

nlfl 453 fATE AL R BITaEsE I TRt Turlufa Ingdis
sz Lifioweruedinen lodiduiSeud e (ui-laithuiday

vl 453 wrhmawend W RRUE s Tutn Ind R
m:u-niﬂﬂnnhﬁlﬂui‘q+1au1h:nnum::ﬂfi'm'rmﬁwmuimwﬁaﬁum'[ﬂhﬂiﬂnﬁﬂum
audfl lifyndamiu uazaasem B omyBwen ledfiflumarsemd  duifaea
awdfildnasrmaswanled 50 Tuswefdudd v bdenudunmudeusstaiiug
hlmssenimnausudilirmarremainenlsd 25 Tuswefiiug svadannsnnsls
terrmmdsnen ladeadumnaurrudiuvi W iurerrnateb fesnde
ﬁm::niui"wn-:m-:'iuﬂuﬁﬂﬂﬁua:mu:ﬂﬂﬂuuﬁmﬂﬂmiq:nﬂumuuiuﬂnﬁ
munsovmldhoin uemafiiugtaossiliifanmia ulvsrwinluanadaung

ﬁwi‘umﬁ'ﬁ“i&ﬂuﬁn:ﬂuiwmamuuﬂqné’nﬂhu&:ﬂﬁmuhmuinun
FoDuunahiludnag lﬂmmmnmiﬂmhﬁﬂﬁtﬁﬂmninuﬁuﬂmn‘ﬁwﬁlwﬂﬂ#mgﬂ
arnfailn prszdnrmudassniurnuudalnchmantomeldihely Wuinmsuss
Wil
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4.3.5.2 ATMANIN IMNTTIRTHTG

NRRBLA AT WMIIRTINAUINRITIM ASTM D 412-98 nanay
fauLAT09 Tensometer AATINTIRY 500£50 u.4. Hﬂﬂmmnﬂmﬁ'qﬂﬂ 4.54 |

Tensile ssangth (Ml

FRURIMENE oo S1aa2.80 ELULYE] 2157508 i |

#f wasldfimermnrnatwenlodifinSou sz (a-lihianda) 1

nngﬂﬁ 454 WrhasmEsnusudlaniwesed TNl
Tnsfrurmmadndnmumansoiasunmnniign  sossanfefldandm 75725,
sois0, 2575 weztralulufalnd smuddy demafuBuoumelludnIndi
ATIUEUTI DRI IRER R

dwiurammmaavanled wrnderusanmissurmdnhmssmrna |
fin u.n:nnHmuﬂimmm,}ihan'wﬂulmaqnmam:.mﬁ AU N TTTITRE
vianlod 50 (500%) SrmumanTolsewadininrarrurRiwenlod 25 (560%) iilaa
ﬂﬂﬂ'ﬂﬂﬂl_éﬁﬂ[ln'l'ﬂ"ﬂ:uﬂtl.ll.hI']I'I!B-III"H‘ﬁ'nmﬁﬁ“ﬂn‘1iﬁ11ﬂmiqnﬁmhﬁauﬁﬂ"\m
Lﬁumnunﬁ-rgnmﬂumhaﬁwnﬁuh |

Wy sandTEwiesrrredn v lusluti lndildsesrundignen
Tediluindomiemy fimrumurobsssnelunhivfisesmndnnim uacans
mmﬁ:rmnﬁiwnn‘l.ﬁﬂﬂummﬂi NWARBEAURRAT IdNITITUTRaWEN 1d 50
Sl ldnuneaisesrelunhivdsnimausudildmermumdwenlos '
25 grsfissusnmalararneniavenledssdumnsiua i Wium e

gﬂﬂ 454 sRTuEmInThlssurssInausuE sy haresrarRnumelusleiiaing
|
|
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m#tehWrusnfnwsssnhanresenlulutitinduss e fionsudafiud s
ssiflunmuudairstmunneldiefudwindumnudunidaussis wisatuha
i'mn"m":'lfimm'mﬂiﬁﬂﬂn'hﬁﬂ'ﬂﬁtﬁmﬂu?ﬂﬁiﬂu (weak point) i YhliTunaseunm
Wothimead  dwiusni@wssludasarhmavussdmndsnsuddmumurmolan
walluuw lludras

4353 arTmufa
nagun i uanaIu ASTM D 2240-87 (dumsiederaudouu
shore A lasldTunerauiifinrammothaten 6 wu. wie 025 o immemeuda
wisatenmuudauuy shore A Wananseedely 30 Swil udSidwshemuudaile
1¥uammaseu mqﬁazﬂﬁ 4.55

NRBERENR G080 ar 5 5 E5HGH0 ZE5ET. B0 R
MAEAR 1060 TarZs S 2578 o

31]1'4 455 feuedmeamauasdnharsrsmnueelulut ndfiualdfios
rrrumddwan ladillwindeinzem v-laduugs

11ﬂ3ﬂﬁ 455 usmaRTEMTIsRLudmasuaudTEw I TTTIT RNy
meluslufnInd  wuhdsmdavessuaudrsaihansrrrumdnueelutludinInados
EELRLPRHITE tfuﬁmrmﬁ':u1F.|:.nu.l.mﬂuﬂuﬁﬂhﬂuﬂumauﬁﬂﬂﬁmﬂﬂum'ugaﬁa
i 'Eﬂr.ui*mw'[m'[uﬁ'fl.ﬂiﬁm’mw‘uapqﬂmm‘l’ia.1mvrmma‘iuf[uﬁflmi’dn'ﬂum-!
ﬁ:mﬂ:ﬂu.ﬂmﬂ11:45:1#:1“'[h'Mlﬁ"lau:mﬂﬁﬂutﬁu%quhuﬂmmﬁhﬁﬂﬂmaLu
audiaruudannddwmanfnaeesrlus iz nd




L)

dmfumssTumidwenladwuihddenuuigandimarmuniussneluluds

Ind uszgoinmunBinomyvenladfifluresmmd deswinmerrnmiswenlods: |
uamamsimyinenladdatunififususmwialuswsmmiv Waedanaudann |||
fafu  waswuhenawswdrswinmerrenatueeluslui Indflsrerruraswan ||
'm[l.ﬂm'ﬁlﬁluﬂ'l:lr'luﬁ!fnﬂﬂuuini!uuuﬂt'ﬁ:ﬂrﬁu'iuqnﬁ'mhﬂ wnsflunalifustaudin |"
muﬁmmﬂgﬁﬂanhﬁﬂﬂ‘mmwmmitﬁﬁu wuiiRerawiRldar s aanan |
o 50 rwibirndenuudmndnauswdinmldresmmainenled 25 e ||
wnsnmildrrrmmagwenlsdndamuudaguszemdunmaiunruaduialWiums |‘
mrumAsh emasafsfurssswiet el Indesersuersssifivs g
ruldssmauandiy dntwnsldmemmemnaiven ledlumnauswii W e
winfetu dmiumnBvsammdnivgonriliianueiafuiuiwiisdueedes
simndalWurriasrnmniadsrssafsnriam ndss W denda Imaddemu il |
it

4.3.5.4 aMURNINTEIAIAT I

nasausniisaisdfiad (verdey Mechanical Oscillograph) WITInRsEDR |
Twiria 3.3.38 \Wnammea nai’qﬂﬂ 4.56-4.57 |

L= "1

o —

Vg Raslisere %]
4

IR 456 1 Yerzley resilience (%) YBsorIRUAsE s sURTUm Tus Tuda IndAil

uoe Ll ssuyswen lediududeuszeu - ||




11

mn;;ﬂﬂ 4.56 WBnufinusnunidismaiemued el
FINUNTAIIGIER FosaauTfa rumTarrRBwented 25 (73.3%) terremawanlad
50 (70.1%) uasenaluslufinlnd (62.07%) sowdin mefimaluslufaindlarunszdon
ﬁ1n11a-mninnaﬁ:mﬂuﬂuﬁq‘l.nﬂ'ﬁﬁ’un:gjinunﬁqmamunimﬂnﬂmﬁaﬂi’uﬁuﬁ
wéin (isobutylene) Térwamanndaiuuiu shlimuldlmasngeldruminaulmléd
waRIERR TN TR A

dmTumrTmaawan ledwrhddwnuniadidinhmearum e
ﬁnammﬁmmn:_ﬁmn‘.ﬁ#ﬂumammi udganewlurluih Induszauandi
BATIEIN 50/50 WAz 25/75 mniiumnmmmiﬁwunhiuummwhﬂﬁnmhﬁa
Lﬂuuqﬂtﬂ'nﬂ'nmrn"mf'ﬂuuwnwmi ivuszglavaniidnrudanguueimuld
Luanasnas Sausnsmnifenunzidsiniies

fFmiuRnunTmTmaswiEwsmarmnanueelutlufinnd vk
aRTIE MR uRkFEwinmarTan@tueeluslud Indluadedmmunszida
duRammivtinmmeluslud Indfnnunsidamdlvmauend Mliiidaa
nistdasdhag

mng‘dﬂ 4.56 wWuhmauswdwhirssmundnueelusluls ndflldo
ruriignenlsdiluiidanzmsahlihamunisndfmeaauiyninmd
fuw Iitufidag un:ﬂuu'ﬂi'unﬁmnwiﬁmmm_lﬁﬂuﬂﬁﬂﬂmmumiduﬁu At
Aernwaudilamarnumdwenledzfunsn i umﬂ"lmmﬁuﬁﬁﬁnn'iﬁr'ﬁ:

u‘umnuﬁ4ﬂ11ﬁﬂﬂﬂﬁﬁﬁf!u1mm1lfdanna rlkanunindsiadieg
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TR = rasl s Mo afmii.
Wl G Omes  Gwmeoes e |

= EH a
:

B EaneD
Lot L TR

'_nh"’I 457 WiYerziey hysteresis sastnawasdewoesrrdnumalusludandnd
sz tnarrndEwer ledidwi Soul e

ngUfl 457 b Hysteresis vBatnadamuiuiuius Resiiance
(Hysteresis = 100-Rasilisnca) HuAEWINFANUNT:AIRIGI hysteresis SeshuazwIngn
AT RN hysteresis uH dasrnwinosdhouwd sruiiudeenininnfie:
sk dnrunssisnnddmafuwisrmlludnlaniuial  hysteresis  dniung
nnmmRsRIswhdRnEmaRud T iRrwrrminueslusles Indlinesed
hysteresis WuAatnaTTmmnAReaTiddnge fidnndow 75125, 50/50, 2575 Was 0/100 9
Fiutwmuddy wasdalsrrrmiiwenladlumaaudesinlid hysteresis gofiu
MNERTIEIY ua:aqﬁuﬂmﬂmumgﬁﬁnnhﬂummwni fwiutrnsrrum@inen
\wdo=Oe hysteresis ganhemmmfusssegeiumumiilafidudinonlad

4.3.5.5 auilA Compression Set
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RHEOLOGICAL PROPERTIES BEHAVIOUR AND COMPATIBILITY OF
NR/EPDM AND NR/BROMINATED EFDM BELENDS

Chonlada Lewis'*, Sunsanee Bunyung” and Suda Kiatkumjormwong®
"Department of Rubber Technology and Polymer Science, Faculty of Science and
Technology, Prince of Songkla University, Pattani 94000 Thailand, *Department of

Imaging and Printing Technology, Faculty of Science, Chulalongkom University,
Bankok 10330, Thailand

ABSTRACT

EPDM was modified by bromination reaction in this study. Blending the resulted
brominated EPDM with natural rubber (STRSL) and the original EPDM with
STRSL at various compositions were carried out. The rheological properties of the
blends were investigated by using a capillary extrusion. Shear flow curves of the
pure rubbers and their blends illustrated their pseudoplastic (shear-thinning)
behaviour with the power law index, n, as lower than one. True shear viscosity of
all blends showed negative deviation in relation to theirr additive values. Glass
transition temperature of the blends was also measured by a Differential Scanning
Calotimetry. Rheological sense and two T,s found from the DSC thermograms at
any blend composition indicated blend incompatibility for both set of blends.

INTRODUCTION

In the rubber industry, rubber blends have been widely used in order to obtain the
best characteristics of each single rubber. It has been known that natural rubber
vulcanisates have good elasticity and strength properties while showing poor heat and
ozone resistance. Blending a suitable amount of low unsaturated ethylene-propylene-
diene terpolymer (EPDM) into a diene rubber has been found to improve both heat and
grone resistance. However, the difference in olefin concentration of EFDM and
natural robber resulted in & cure rate incompatible blend. This has been recognised as
causing both inferior static and dynamic mechanical properties such as poor tensile
strength, fatigue resistance and high hysteresis in the rubber blend.® Consequently,
many attempts to improve the properties have been reported in order to achieve an
equivalent cure rate between the two rubbers.”" For example, grafting of the
vulcanisation inhibitor, PV groups, onto the EPDM was found to reduce the access of
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the NR to the cure system.” Improvement of crosslink distribution and tensile strength
were then achieved. ™ Grafting of accelerators onto EPDM has also been reported as
being effective to provide cure compatibility.” Maleic anhydride was grafied and then
pmvidednnﬂﬂduhﬁngmmﬂuEFDMhrCm.”'"ﬂuhmﬂlndEH}Mmd
mmmmMmmmm:mmﬂmmmmmm
compatibility.'""* Most attempts clearly showed a significant improvement in overall
mmﬁuﬂum.hpupuﬁunfﬂm:hmﬂndmﬂyrdﬂdﬂﬂuﬂﬂenf
mixing. The rheological behavior of individual gum rubbers and blends play an
impurluﬂmhhﬂmqun]ﬂrufmiﬁngmﬂmmpnmﬂngwﬁnhinﬁmﬂtﬁmi
product quality. It is therefore important to clarify the miscibility behavior of the rubber
blend which has mostly been studied based on viscoelastic and the glass transition
measurements. "™ It was also found that not enough attention has been given to the
W;mpaﬁnmﬂmimihﬂiwnfﬂumdﬁdﬂmhmdﬂﬁrﬂmm“ﬁm
natural rubber. In this paper, we have therefore evaluated the rheological properties and
compatibility of the modified brominated EPDM (BEPDM) blend-with natural rubber
(STRSL) and those blends of the original EPDM with STRSL.

METHODOLOGY

Raw Materinls

The raw materials used in this study were NR, STRSL, produced by Tavomn
industrial Co.. Ltd. Thailand and EPDM namely Keltan 714 with & high ethylidene
norbonene content of 8 % manufactured by DSM Elastomers.

Preparation of Brominated EPDM

Brominstion of the EPDM was carried out by following reported litersture with
little modification as follows."® The EPDM (180 g) was first dissolved in 3600 mi of
thlmﬁtmﬂﬁﬁuﬁnﬂgﬁrﬂmumwl-vﬂ.%aﬂuﬂmuf
bromine in chloroform was added. The mixture solution was then stirmed to proceed the
reaction for 2 hours &t toom temperature. The brominated EPDM (BEPDM) product
mmmhmﬂmwwwmlmmmnf
bromine. Finally, it was dried in a vacuum oven at 50 °C for 72 hours. "H NMR spectra
of the EPDM rubber before and after bromination were later recorded on a Varian Uinity

MSMMMMWMMWMHHM




158

standard, 1f the molecular weight of the virgin polymer is known, we can calulate the
bromination percentage by combining with the "H NMR data. It is also easy to analyse
bromine by elemental analysis. Unfortunately, we did not have the high temperature
GPC and oxygen combustion flask (Schoniger flask) to conduct the experiments at this
time. However, from the reported literature that we followed, the bromine content (by
elemental analysis) was 2.4-2.5 % by weight

Brominated EPDM/NR and EFDM/NR Blends Preparation
Biending of BEPDM/NR and EPDM/NR were carried out in a laboratory-sized two
roll mill at a mixing temperature of 60 “C. At any blend composition, the rubber that has
the higher amount was masticated first and banded on the mill for 2 minutes. After that
the second rubber was mixed and allowed to blend for a further 6 minutes. Finally, the

rubber blend was sheeted out and cut into small pieces ready for rheological and DSC
measurements.

Rheological Measurements

Rheological properties in terms of shear stress and shear viscosity were studied by
using & Rosand single bore capillary rheometer (model RHT). A capillary die of
diameter 2 mm, length 32 mm and 180° entry angle with a length-to-radius ratio (L/R)
of 32 was used as a long die. The small pieces of the rubber blends were put into a
barrel and initially preheated for 5 minutes under pressure at approximately 4 MPa to
get a compact mass. The excess rubber was then automatically purged and extruded at
shear rates in the range of 10 to 1500 s™ and test temperature of 100 °C in a program via
a microprocessor, During the test, the pressure drop across a capillary channel and melt
mmwmammm-mwmmdm
stress, shear rate and shear viscosity were calculated using the derivation of the
Poiseuille law for capillary flow and yields: ™

Apparent wall shear stress (Pa), (1

Apparent wall shear rate (s-1), (2)

Apparent shear viscosity (Pa.s), : (3)




where  is the pressure drop across the channel (Pa), Q is the volumetric flow rate
(m® &), R is the capillary radius (m) snd L is the length of the capillary (m).

The true wall shear siress was obtained using the Bagley comrection. This was
dane by measuring the pressure drop (P,) on the zero length die (/R 0) with the same
die diameter and entmnce angle. The true shear stress was then calculated:

True wall shear stress (Pa), (4)

where  is the pressure drop across the channel of the long die (L/R = 32) (Pa) and
is the pressure drop across the zero length die (Pa).
The true wall shear rate was obtained by applying the Rabinowitsch correction:
True wall shear rate (s™), (5
where is the power law index obtained from the slope of the line plots between log

( Jamdlog{ )
True shear viscosity was therefore calculated:

True shear viscosity (Pa s), (&)

DSC Messurement
Differential Scanning Calorimetry (DSC) messurements were made by DSC (QC)
manMIhmmﬂannf
10°C/min. The inflection point of the specific heal change was taken as the glass
Sy

RESULTS AND DISCUSSION

'H NMR spectra in 10 % (wfv) CDCly solution of the original EPDM mnd afier
bromination are shown in Figure | and 2 respectively. The spectrum of the original
EPDM shows two pairs of complex shaped signals between & 4.9 and 5.7 ppm
attributable to the olefinic proton of the ENB diens monomer unit' Signals
characteristic of C(5)-C(6) olefinic hydrogen atoms (Figure 3) of the original ENB
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monomer between & 6.0 and 6.2 ppm cannot be observed. This suggests that ENB has
been incorporated into the EPDM through the cyclic C(5)-C(6) double bond. After the
bromination, the modified EFDM spectrum does not exhibit the two signals between &
4.9 and 5.3 ppm but the other two signals between 5 5.5 and 5.7 ppm can still be
observed with less intensity. This spectrum also shows an addition signal at & 4.5 ppm,
which indicates bromine attached C-C single bond hydrogen atom.” It is thercfore
concluded that during the bromination reaction, the bromine agent can attack the double
bond or substitate hydrogen in the allylic position or the other positions. The possible
reaction shown in Figure 3.

Rheological properties and compatibility

The log-log plots of apparent shear stress verses apparent shear rate for STRSL/EPDM
and STRSL/BEPDM blends with various blend compositions are shown in Figure 4 and
5 respectively. Flow curves of all blends show reasonable straight lines whose intercept
Kmdslupcnumeapmufmgmﬂmpuwhwmuaﬁm{hmmﬂd-daﬂhlt
ﬂﬂ“ﬂﬁﬂﬂ}-‘n

(7)

whmﬂi!thﬂpuwﬁlawlndnxmﬁ:ﬂnwbthmdmrmdmmdﬂisﬂtﬂmnﬁmwnf
flow or viscosity coefficient index. Table 1 shows the power law index and the
consistency of flow of STRSL/EPDM and ET’REUBEPI}L; blends. The values of n
dictate the pseudoplastic nature of STRSL, EFDM, BEPDM and their blends since n
values are less than one. Hence, the apparent viscosity of the two sets of blends
decreased as shear raie increased as shown in Figure 6 and Figure 7. It also can be seen
that for the pure rubbers, BEPDM had the lowest n value and STRSL obtained the
thcstn?ﬂue.ﬁiﬁmmmfnrtheﬁghpsminphﬂiﬁw.m:hig]ﬂymmimﬁng
fluid in the modified BEPDM and the more plug-like profile.” Consequently, blends of
STRSI/BEPDM tended to have & lower n value at a given blend composition which
increased with increasing level of STRSL.
Fimﬂ@mﬁﬂmﬂnppmmmmmwrmm:muf
pure STR5L, EPDM and BEPDM. It can he seen that the modified EPDM by
h‘anﬁnnﬁuﬂmmﬁmtffﬂﬂﬂtd&ﬂ:ﬂuﬂpﬂpeﬂy.%is,ﬂagimﬂﬂrﬂe,n
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higher apparent shear stress of pure BEPDM relative 1o EPDM and STRSL was found.
The highest shear viscosity of BEPDM was therefore observed at a given apparent shear
mie (Figure 9). It indicates that the Br substituent on the rubber main chain may
increase the chain rigidity of the rubber, consequently increasing the ability to resist
flow. While STR5L gave the lowest apparent shear viscosity due (o its casy molecular
the capillary flow test.

Figure 10 compares the apparent shear viscosity with the level of EPFDM or
BEPDM in the blend composition at the apparcnt shear rates of 50, 150 and 500s™, It
was found that the apparemt shear viscosity of the blends tended to increase with
increasing level of EPDM or BEPDM due to the higher apparent shear viscosity of
EPDM and BEPDM. However, st high apparent shear rates, less difference in the
apparent shear viscosity of the blends with increasing quantity of EPDM and BEPDM
was noticed.

Generally, the true shear viscosity of & polymeric blend follows log additive
rule; &

g = (8)

where and  are the true shear viscosity of i-th component and that of the blend, wi
is the weight fraction of the i -th component. For the miscible blends, rheological
properties such as viscosity, dis swell; etc, show positive deviation from their additive
values.”® While the immiscible blends give negative deviation in theological properties.
. hﬁh%hmﬂmﬁmﬁﬂﬁMuﬂmm
in all blend compositions were evalusted and found to be negative deviations relating to
their additive values. It is therefore indicated that the blends of STRSL/EPDM and
STRSL/BEPDM were the immiscible blends. It means that there is no specific
interaction between the two components of both blends. This may be aitributed to the
dissimilar low unsaturated structure of EPDM and the polarity of the Br substituent on
the BEPDM compared to the unsaturated non polar stucture of natural rubber.

The miscibility behavior of the blends was also investigated based on the glass
transition measured by thermal analyses. Figure |11 and Figure 12 illusirate the DSC
thermograms of both blends with various blend compositions. The glass transition
temperature measurements confirmed the rigidity of pure BEPDM as it had a higher
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glass tansition temperature than the unmodified EPDM. A higher glass transition
temperature of both pure EPDM and BEFDM relative to STR5L also supports their high
ability to resist flow as discussed above. Two glass transitions were observed at most
blend compositions but that appeared less distinct at the composition of 75/25 for both
STRSL/EPDM and STRSL/BEPDM blends. The glass trmansition at the higher
temperature side is related to EPDM for STRSL/EPDM blends and to BEPDM for that
of STRSL/BEPDM blends. The blends of STRSL/EPDM and STRSL/BEPDM are
therefore considered to be immisicible because of two glass transition temperatures in
the DSC thermograms. ™’

CONCLUSIONS

Brominated EPDM was successfully prepared and confirmed by 'H NMR analysis.
Rheological behavior of STRSL/EPDM and STRSL/BEFDM can be represented by a
calculated power law index from the slope of log-apparent shear stress against log-
apparent shear rate lines. The log. additive rule of polymeric blend viscosity and giass
transition measurements was used to clarify the blend compatibility. True shear
viscosity of the whole sets of blends showed negative deviation with respect o their
additive values at all shear rates. The two Tgs from the DSC thermograms at any blend
composition were also obtained. From rheological and thermal analysis points of view,
it can therefore be concluded that both NR/EFDM and NE/BEPDM blends are
thermodynamically incompatible.
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Table 1 The power law index (n) and comsistency of flow (K) for various blend

composifions.
 NR/EPDM Blends n | K (kPa) | NR/BEPDM Blends n K (KPa)
o100 014 | 2930 0/100 0.10 4446
251715 0.15 1499 2575 0.14 169.0
50750 020 R8.7 50/50 0.16 1245
75125 021 85.1 75725 0.20 (FE]
10070 022 86.8 100/0 - 0.2 268
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Figure 1 "H-NMR Spectrum of the original EFDM

Figure 2 "H-NMR Spectrum of the brominated EPDM
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Figure 3 Possible bromination reaction of EPDM
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Figure 6 The effect of apparent shear rate on apparent shear viscosity of
STRSL/EPDM blends st various blend compaositions
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Figure 7 The effect of apparent shear rate on apparent shear viscosity of
STRSL/BEPDM blends at various blend compositions
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Effect of rubber ratio, carbon black and accelerator level on NR/BIIR blend properties
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Abstract

Statistical experimental design, namely, response surface methodology was used to predict
and explain the effect of rubber ratio, carbon black and accelerator level on the cure
characteristics and physical properties of NR/BIIR blends. With the three independent =
variables named above, twenty designed compounds were mixed by a two-roll mill and the i
scorch time, cure time, cure rate index, together with physical properties: hardness, tensile
property and compression set were all determined by one operator. Multiple linear
regression analysis was used to obtain response equations. The contour plots of the fit
equations were then set to illustrate the effect of the three independent variables on each
property. The contour plois show in detail the diversity of interactions between independent
factors and each property. It was found that carbon black level is the most significant
influential factor on most propertics. The difference in reactivity towards sulfur
vulcanization of NR and BIIR caused cure behavior and physical properties dependent on
cross link density of vulcanizates 1o be dominated by NR content in the rubber ratio factor.
The confirmation of the accuracy of the resulting response equations was finally made to
predict the required properties.
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Introduction

Blends of natural rubber (NR) with othier synthetic rubbers have been widely studied.”'®
The main reason is understandably the desire to achieve a balance of unique properties and
cost. Bromobutyl rubber (BIIR) is a modified butyl rubber ([IR, isobutylene isoprene
rubber), It is the bromine attached 1o the carbon bond, which is allylic to the double bond,
which gives BITR greater cure versatility than the unmodified one."' Its cure compatibility
with other rubbers enables the development of interesting blends. For example, BIIR has
been blended with NR producing a higher damping and thermal stability compound. '
However there is no report of using a systematic experimental design to measure the
systematic change on this blend compound and general physical properties brought about
by varying various factors. A siatistically designed experiment has been one of the useful
mmmmmmhmwnmﬂm
Many informative articles have been published on experimental designs.'™® Krakowski
and Tinker's work ***° is ane such example that has given an excellent introduction and
discussion on using a central composite rotatable designed experiment examining NR/BR
going into the details of the statistical method used, namely response surface methodology,
it will investigate the effect of a wide range of NR/BIIR ratios, carbon black and acceleratar
level on cure characteristics and general physical blend properties.

Experimental
The central composite rotatable designs are based on a complete two-level factorial
design, which is then supplemented by additional points to enable the curvature of the

response surface and the experimental error to be estimated. The experimental points are

identified by code values, which assign five levels to each variable. The coded five levels
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are -a, -1, 0, +1 and +a in which a=2"" and k is the number of independeni vanables in the
experimenl In this work, three variables were investigated, namely, rubber blend ratio,
carbon black and accelerator level. The range of selected data was defined as 0.251w0 4, 0 to
60 and 0,75 to 1.50 for rubber blend ratio, carbon black and accelerator level respectively.
The real values are related to the assigned coded experimental points and scale of varaible
(8) according to equation 1 and 2.

S = Range / (2 x a) kN

R = (S x code) + Mean -(2)
Table | shows the real values in relation to the code values and an example of calculation is
shown as follow;

Scale of NR/BIIR ratio = (4.00-0.25) /(2 x 2°')

= 1115/ coded umt
for -1 on the coded scale,
Real NR/BIIR ratio = (1) (1.115) + 2.125
= 1.01,

Table 2 gives the full experimental design and real value for each point. The design
provides for eight factonial compounds (mix number 1-8), which enables modeling of lincar
and second order interactive effects, seven star points (9-14), which allow for modeling of
quadratic curvature, and replication of the center point six times (15-20), which provides an
assessment of crror and model adequacy. Through the use of multi-variable linear
regression analysis, the data is fit to a second order response surface equation of the general

form below;

k k k k
Y=bgt Eblxi-l- zba}{i‘ +EEI:.-,:H;;}:1 i3]

i=1 i=l i=1j=1
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in which Y is a response or dependent varisble to be fitted, X, and X; are independent
variables, by is the constant term, by is the linear coefficient, by is the quadratic coefficient,
by is the interaction coefficient (i j) and k is the number of variables.
Therefore, for three variables experimental design, the equation is as below:
Y=b #bX, + 53, 45X, 45, X, + B30+ b+ XX, + byX K + bpXX, .(4)
An estimate of the variance was obtained from the center points and the usual formulation

for standard deviation, 8D); that is

b Jz(xi -x)’

n-1

where n is the number of center points. A test of significance was made on each term in the

regression equation using the following standard errors (SE) '*

SE.(ty) = 0.271(SD) < (B)
SE.(bi) = 0.263(SD) o)
SE.(by) = 0.354(SD) . (8)

where SE.(b) is the standard errar of by, by and by, SE.(by) is the standard error of by, bn
and by, and SE.(by) is the standard error of byz, by and bzs.

From Table 2, twenty compounds were prepared based on formulation in Table 3. The
rubbers used in this study were NR (STRS5L) manufactured by Tavorn Manufacturing L.
and BIR (Polysar Bromobutyl X2, Bayer, with 1.89 % bromine content). Rubber
chemicals were standard commercial grade materials, Compounding was performed by
mhinginnhhmuhnushndtwumilnﬁﬂﬂmmtmpnﬁut.Tmmhhm:mﬂm
masticated and blended for § minutes, The order of adding and mixing time for the

mhhlgingmdinhmﬁmuﬂh.uﬂnﬂdﬂ(ﬂﬂ}.mmlmfmm.m
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black (HAF N330), stearic acid and sulphur for 2, 2, 2, vary depend on adding level, 2 and
2 minutes respectively.
After thorough mixing to ensure good dispersion, the compound was taken off the mill and
stored at room temperature for 24 hours before testing. The cure behavior of the compounds
was determined at 160 °C by a Monsanto oscillating disc rheometer (Model ODR 2000) at
1* arc (ASTM D 2084:88). Tensile properties, hardness, compreszion set were carmmied out
according to the ASTM D 412-98, ASTM D 2240-97 and ASTM D 395-98 respectively.
Statistical results were analyzed via multiple linear regression analysis as detailed in
reference number 18. Contour curves were shown using Maple V Release 4 software.

Results and Discussion
Cure Behavior

Table 4 shows the calculated response equations for the parameters measured in the entire |
experiment. An example response equation for scorch time property for the three variables
is here presented in Equation 9.

T2 = 3.109+0.01 S(NR/BLR)- |.540(HAF)-0.057(TBBS)-0.083(NR/BITR) 0. B67(HAFP-0. 1 04(TBBS
+0.0T3(NR/BIIRXHAF)+0.030(NR/BIIR X TBBSH0.090(HAF)Y TBBS) e (9)

where NR/BIIR, HAF and TBBS can be any value of NR/BIIR ratio, HAF and TBBS level
in coded terms respectively.

The coefficients for the rubber ratio, HAF level and TBBS level are comparatively relative
magnitude at 0.018, -1.540 and -0.057 respectively. They indicate the comparative effect of
each of those factors on the scorch time response, together with the direction of the effect.

That is, the carbon black (HAF) level is the most significant factor affecting the scorch time
of the compound followed by the level of TBBS and the NF/BIIR mtio respectively. Figure
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lclﬂdyﬂhuumﬂﬂ::mmwphtufﬂuﬁuadnqmﬂmindiuﬁugm&ufﬂﬂmd
NR/BIIR ratio on the scorch time of the compound (where ratio of TBBS is constant af
coded 0, 1.12 phr). An increase in amount of HAF up to 30 phr resulted in a decrease on
scorch time possibly due to the basicity of carbon black. However, increasing the level of
HAF higher than 66 phr increased the higher content of filler in the Jow volume of rubber
that retarded the cunng.
The effect of increasing the TBBS level up to 0.9 phr delayed the scorch, while higher
levels than 1.3 phr caused a decrease in scorch time (Figure 2). TBBS is a delayed action
accelerator in a bengothiazole sulfenemide group. The sccelerator became active as the
tertiary butyl amine split off during vulcamization™ The base activates 2
mercapiobenzothiszole as it is formed. Consequently TBBS produces a retarded
vulcanization start. However, the high amount of TBBS that inversely decreased scorch
time can be attributed to the high amount of both amine and MBT which, together,
accelerate the vulcanizntion start. This stands in contrast to the lower amount. Figure 3
moreover however shows that a1 & fixed ratio of NR/BIIR, TBBS has litile effect on the
scorch time compared to the HAF level. The result also shows a shaped surface with
maximum scorch time in the direction of low HAF, low TBBS and high HAF, high TBBS
level.
Elm:mymﬂhmﬂyﬂdmmmiﬂ!mguﬁrvﬁmuﬂmh
same grid, they can be superimposed. Two cure characteristics of 90 % cure time (Tso) and
cure tate index (CRT) can be seen in Figure 4. The most influential factor affecting cure
time in the linear coefficient is the carbon black level, followed by the rubber ratio and the
mmm.mmﬁﬁmmmaummmmwmmmmfm
rubber ratio and the TBBS level respectively, while the NR/BIIR. matio has the greatest

d@iﬂmﬂﬂlﬂquubﬂhm:fﬂﬂﬂlﬁhmlhﬁhﬂ-ufﬂﬂhnmﬂlﬂﬂl.ﬂ]ﬂmlh:
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effect of increasing level of HAF on cure time (Figure 4) is interestingly very similar to that
observed from the scorch time. An increase in HAF up to 30 phr resulted in a shorter cure
time, but up from 66 phr longer cure time was observed possibly due to the same
explanation. Increasing NR/BIIR ratio o increasing NR content causes a decrease in cure
time because of the stronger reactivity of carbon double bonds on & natural rubber molecule
toward the sulfur-accelerator vulcanization reaction. Figure 5 shows the dependence of cure
time on NR/BIIR ratio and TBBS level with the HAF level at the center point of the design,
30 phr. The figure indicates that TBBS has little significant effect on cure time when the
NR/BIIR ratio is less than 2.1 (NR/BIIR, 68/32) but it is a significant factor when the
NR/BIIR ratio is more than 2.1. That is increasing the level of TBBS while increasing NR
content resulted in a decrease in the cure time. As expected, high levels of both TBBS and
NR content produce shortest cure time. It is also interesting to see clearly three different
responses dependence of cure time on HAF and TBBS level with the NR/BIIR. ratio at the
center point of the design (Figure 6).

Cure rate index is the 100 times reciprocal Ty minus T2 indicating the rate of cure
of the compounds, A higher value means a higher rate of the vulcanization. It can be seen
from Table 4 and Figure 4 to 6 that the NR/BIIR ratio has the greatest effect: it is
approximately 1.7 and 3.5 times greater than TBBS and HAF level respectively. While, the
TBBS level has greater effect approximately double the HAF level. Increasing the NR
content and the TBBS level increased the cure rate index as expected, while increasing the
HAF level resulted in little change.

Table 4 also shows the coefficients of response equations for minimum torque (M),
maximum torque (My) and their difference (My-M,) from the Monsanto oscillating disk
rheometer data. The HAF level is the most significant factor affecting the mimimum torque

as it roughly indicates compound viscosity. As expected, an increase in My resulted from




180

increasing the HAF level. Figure 7 shows the effect of the rubber ratio and TBBS level on
M. when the HAF level is fixed at 30 phr. It can be seen that rubber ratio at low level ratio
(high BIR content) up to 2.1, M, decreased with increasing NR content. This contributes
to the lower viscosity of the NR, however after 3.5, My tended to slightly increase. TBBS
vaguely affects M, (compound viscosity). My-M,, also indicates the state of cure of the
compound and the HAF level is the most influential factor followed by rubber ratio and
TBBS respectively. Increasing the HAF level, rubber ratio (increase in NR content) and
TBBS level all increase the MH-ML suggesting a higher modulus for the tested
compounds.

Physical properties

Table 5 and Figure 8 indicates that the stress required to achieve 300 % strain, ultimate
tensile strength and the clongation at break were all affected most significantly by the
reinforcing carbon biack HAF level. As expected, the significance of the HAF level on the
clongation at break has opposite effect from the other properties; increasing HAF level
produces the reduction of elongation at break. However, increasing HAF level up from 66
phr was seen lower the ultimate tensile strength. This was due to the reduction of rubber
volume fraction. Increasing the NR content also serves to dramatically affect the ultimate
tensile strength: the variable of the NR/BIIR ratio is 8.5 times greater than the TBBS level.
it has an average increasing effect on ultimate tensile strength of approximately 29 %
across the range used in the experiment (Figure 9), The strain crystallization of NR is
contributed to the high tensile strength of the vulcanizates. The TBBS level itself has
greater influence on 300%modulus than in ultimate tensile strength (compare the
coefficient of (1615 to 0.276). This is because the TBBS level greatly affects the cross-link
deuﬁtrwhid:hdimﬂlymhudmdnmmquhdhadﬁm:enspadﬁudmm
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elongation at break was also found to be more affected by the TBBS level than the
NE/BIIR ratio. This can be easily observed from the opposite directions of linear
coefficient of -38.86 for TBBS level and 15.64 for NR/BIIR ratio. Increasing the level of
TBBS serves to decrease the elongation at break due to the high level of cross-link density,
while increasing the rubber ratio tended to increase the elongation at break especially at the
high level of TBBS (Figure 9), possibly due to the high elasticity of natural rubber.
However, the reverse point was observed after the rubber ratio reached about 2.8, the
elongation at break lowering with increasing NR content. This can be related to the
possibly greater cross-link density of the natural rubber.

Figure 10 shows the dependence of hardness and percentage of compression set of
the formulations tested on the three variable factors. The hardness property similar to the
300% modulus was found to be affected most by the level of HAF, followed by the TBBS
level and the NR/BIIR ratio respectively, due to the same explanation as previously
discussed. The compression set property gives an insight ability of rubber compounds to
retain elastic properties after the prolonged action of compressive stresses. The most
influential factor affecting compression set was the HAF level. It has a greater influence of
2 and 2.5 times than the NR/BIIR ratio and the TBBS level respectively. The contour curve
in Figure 10 interestingly reflects the response of compression set to the HAF level and the
NR/BIIR ratio, when the TBBS is constant at the center point of 1.12 phr. It shows
distinctly different response regions. Firstly, an increase in the carbon black level higher
than 60 phr while increasing the NR content tended to produce a lower compression set.
Because the high active surface of carbon black could interact more with the NR. molecules
to combine with a tight crosslink network due to the high reactivity of the double bond on
the NR (at the same time, high load reinforcing the carbon black) will inherent the elastic

ability to bear the loaded stresses and recover upon the stresses released. This will enable
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desired low compression set formulations. Whilst the amount of HAF is lower than 60
phr, increasing the NR content resulted in an increase in the compression set. It indicates
the poor heat resistance of NR with less tight crosslink network at & lower level of carbon
black. The TBBS level is also expected 1o exercise a significant effect on compression set
as shown in Figure 11. At a fixed amount of 30 phr carbon black, increasing amounts of
TBBS up to the center point of 1.12 phr reduced the compression set possibly due to an
increase in crosslink density, while increasing the rubber ratio tended to slightly increase
the compression set. Increasing the level of TBBS higher than 1.4 phr inversely increased
the compression set. This is because TBBS is also a sulfur donor accelerator, which at high
Jevel may produces more polysulphide crosslink network. Consequently, the network can
be easily broken down by heat, causing poor elastic recovery and therefore increasing the
compression set. However, at this high region level of TBBS s reduction trend with
increasing rubber ratio was observed possibly due to the comparatively higher crosslink
density of higher NR content.

Figure 12 illustrates the use of superimposing contour plots to determine compound
the rubber ratio and TBBS level at a constant HAF level of 30 phr in compounds that will

give 5.5 MPa minimum 300% modulus, 19 MPa minimum tensile strength and 57%
maximum compression sel. Another opermtor compounded the two formulations of
TBBS:NR/BIR at 1.35: 2.1(68/32) and 1.13 ; 2.5 (71.528.5) and determined all the
properties. 1t was found that the resulting properties fitted the desired properties well,
indicating useful prediction and accuracy of these study response equations.
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Conclusions

Contour plots have been generated from response equations in this study and have been
found very useful as an indication of the change in any particular property with change in
any parameter. The most desirable situation to achieve required optimum properties with an
acceptable degree of accuracy could be easily done by superimposing the contour plots.
Most of the property responses to the variables presented herein, as we have already seen,
are readily explained. Carbon black played the most significant influence on scorch and
cure time and all of the physical properties.  _

As NR is more competitive to sulphur vulcanization and has a higher strength than BIIR it
is strongly reflected in the response of cure behavior and most physical properties to the
rubber ratio. Compression set is more dependent on crosslink density and type; increasing
the TBBS level up to ane point increases the crosslink density, but at a higher level may

produce an increase in polysulphide crosslinks which in tum increases compression set.
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Table 1 Relationship between real and code values

188

— Code value STHSL/BIIR ratio | C-biack level THES level

e e ok 07

-1 1.01 (50450) 12.16 0.90

0 2.12 (68/32) 30 1.12

+1 3.24 (76.4/23.6) 47.84 1.35

+1.682 4,00 (80/20) 60 1.50

Table 2 Experimental design
Mix Code Real value
No.
o er_ﬂ]_n C-Black| TBBS | NR/BIIR | C-Black (phr) [TBBS (phr)|

points 1 -1 -] -1 101 12.16 0.90
2 +1 3 -1 3.24 12.16 0.90
3 -1 +1 -1 1.01 47.84 0.90
4 +1 +1 -1 3.24 47.84 0.90
5 -1 & + 1.01 12.16 1.35
6 + -1 +1 3.24 12.16 1.35
7 -1 +1 # 1.01 4784 1.35
8§ +1 +1 +1 124 47.84 1.35
Starpeluts 5 | ae2| o 0 025 30 112
10 | +1682| 0 0 4.00 30 1.12
11 0 |-1682] o 2.12 0 1.12
12 0 |+1682| 0 2.12 60 112
131 0 0 |-1682 | 212 30 0.75
14 0 0 |+1e682]| 212 30 1.50




Table 3 Based Formulation
ln_g!-:die-l phr
STRSL/BIIR Variable (0.25-4)
HAF N-330 Variable (0-60)
THES Variable (0.75-1.5)
Zine Oxide 3
Stearic acid 2
6PPD 1
Sulphur 1
*  N-ten-butyl2. 1 sulphenamide (TBBS)
. H-phm].-l-N’-i.E-dimui.ylbuﬂ-p-fbmylﬂndimﬁg (6PPD)

18T

T2 T CRI e M, MM,
{min) (i) (%) (Ib-in) (Ib-in) (Ib-in)
b, 3.109 6.166 33.063 3.156 23.989 18.833
b, 0.018 -1.283 6.326 0.517 1541 2,058
b, -1.540 -1.730 1.206 2.047 7.008 4961
b, 0.057 -0.432 3.661 0.031 L.674 1.642
by, 0.083 0.987 2876 0.598 0.268 -0.866
by, 0.867 0.747 -0.454 0.2mn 0.818 0.546
by, 0.104 40.309 0.445 -0.061 -0.280 0219
b, 0.073 0.034 0.768 -0.062 0.181 0.244
By 0.030 0.081 0.768 -0.020 -0.34} 0321
by 0.090 0.119 0.034 0.345 1084 0.739
SD. 0.1157 0.1949 15047 0.7921 I.1008 04118
SE(b) 0.0314 0.0528 0.4078 0.2147 0.2983 0.1116
S.E(b,) 0.0304 0.0513 0.3957 0.2083 0.2895 0.1083
SE(m) | oo410 0.0690 0.5327 0.2804 0.3897 0.1458
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Table § Coefficients ufrupn-elqunrph}fliﬂ] properties

Hardness | 300% TS. | EB.(%) | Com Set
(Shore A) | modulus |  (MPa) (%)
(MPa) |
b, 5398 | 5902 | 20775 | 642749 | sager
b, 111§ 0.428 2410 | 15648 | 2574 1)
by 112 | 4252 2576 | -111255 | 507
b, 1.839 0615 0276 | -38860 | -2120
by 0619 | 0097 | gaso | 9476 1555
by 0.708 0.647 2ATR | -13.896 | -1.549
by -0.354 0.099 0.046 3.786 2419
by 0.188 0.503 0356 | 7813 2122
by, 0438 | 0467 0299 7813 1.023 I
by 0.188 0.636 0441 | -17.188 | 4587
5.D. 11584 | 07414 | 08031 | 204157 | 5499
SEM) | 03139 | 02000 | 021% | s5327 2.2953
SE®) | 03047 | oasso | 02112 53693 | 22776
SE®) | 04101 | 02625 | 02863 | 720m | 29988 ‘|
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Figure 3 Effect of carbon black and TBBS level on scorch time at STRSL/BIIR
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Figure 5 Effect of TBBS level and NR/BIIR ratio on cure time and cure rate
index at HAF coded 0 (30 phr).
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Figure 8 Effect of HAF level and NR/BIIR ratio on 300% modulus, tensile
strength and elongation at break at TEBS coded 0 (1.12
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Figure 9 Effect of TBBS level and NR/BIIR rutio on 300% modulus, tensile
strength and elongation at bresk at HAF coded 0 (30 )
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Figure 10 Effect of HAF level and NR/BIIR ratio on hardness and compression
set at TBBS coded 0 (1.12 phr).
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Figure 11 Effect of TBBS level and NR/BIIR ratio on hardness and compression
’ set at HAF coded 0 (30 phr).
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— 300% modubs (MPa) —— TS (MPa) +++ compressign set (%)

Figure 12 Unshaded area provides many combinations of the rubber ratio and
TBES level at a constant HAF level of 30 phr in an compound that will give 5.5
MPa minimum 300% modulus, 19 MPa minimuom tensile sirength and 57%

maximum compression.
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Figure 7 Effect of TBBS level and NR/BIIR ratio on minimum torgue at HAF
coded 0 (30 phr). ,
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