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Ngaunnil 150 °C

a fnl' ' a a 1 o é o % wva o v {d‘ vl

HNITITN TN AR LI UAUAN LRRNIANANVIGTIRIN TR NNTau ldarin Iwsnant1an L
naafesuazimiaa ludlndifvaiudogn  3.82  lasfisawsudunyiuaniiwdsanfanisiaan ludldis
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719N 3.34 FNLANNTAIVBILITTTNTAUALENILUAUG NR/EPDM NRARIWLAKA 70/30

Recipe Rubber type Filler/ | AO,/ Modulus (MPa) T.S. E.B.
no. Oil AO; 100 % 300 % (MPa) (%)
1 NR - + 0.81+ 0.04 2.18+0.16 24.00+1.80 640136
2 NR + + 2.35+0.13 9.92+0.54 21.1040.82 504124
3 Simple NR/EPDM - + 0.86+0.05 2.1040.11 18.10+0.68 65631
Reactive NR/EPDM - + 1.04+0.03 2.1940.10 20.04+1.39 709+30
4 Simple NR/EPDM + + 3.69+0.57 10.33+0.44 11.79+0.50 321+32
Reactive NR/EPDM + + 2.59+0.09 6.59+0.52 19.85+1.03 467+36
5 Simple NR/EPDM - - 0.88+0.09 1.90£0.15 16.80+1.67 670+14
Reactive NR/EPDM - - 0.95+0.01 1.98+0.03 20.31+£1.60 715426
6 Simple NR/EPDM + - 3.29+0.03 10.13+0.06 10.53+0.63 316+21
Reactive NR/EPDM + - 2.10+0.06 8.68+0.12 16.08+1.30 49813
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ANMNRINITDIUNTEARARI
& < A ' 2 Ao ' & a a
amLuauml,uumvl,ﬂumwmumu@ameLLa:mwmmsn’Lumiﬂmmmwmamaumwmuanwﬂnn
= 1 1 o a v wa tﬂl 1 a a a dy 1 r.s' 1
N3 LonIThEUNNE N-550 JNabARNUALUASULL I TWAINULNITITNTIG WaNIINAND I MWL UAUAN L
AIFIE T ANV BANFIIVBIAIANNNUNIUADLITIAILAL I UL H AUV TERTIILILLAUALUUNA LU DU URUG
A A o oA = A [ A 1 o “a & o AV
wULSHanANTaRINANI Ll alSuisunusnwanan blaasid  G9vnandunaniannmInIzanualIn
o @« A {la o & ) o
sisnavasssafulugsusua iR s Innnannio v IN1INTzN8aIVaIEN IaA LS Lk
mamamﬁfﬁﬁagjuﬁa funazaInshaansumaFanluesuanawuIn liinadesuian1sasNTaLan

3.7.3 U AN ITNWNINADNITIAATALLANLASAITVLIUAIVAITAUUAN
NANIINAFROURNL AN INUNUAINITAATOLLANLAZNNTVINLAIVDITALMANGILLATBINARAULLY De
Mattia Iﬂmt’mmuwaLﬂua‘hmmauﬁﬁﬂﬁ%umaauLﬁmazJmem:é'm'lmwﬂﬂﬂﬁa‘uaaiaﬂLLmnIugﬂmao
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@lﬁiﬂdﬁ 3.35 auﬁ'@mswumwiamnﬁmammmmxm?ﬂmU@h"uaasammmjaamaﬁﬁuﬂmaua:mamauﬁ
NR/EPDM N&#ARIMLUAKG 70/30

Recipe Rubber type Filler/Oil | AO,/AQO4 Flex fatigue resistance Crack growth resistance

no. (Kilocycles) (Kilocycles/1mm)

1 NR - + 319.00+12.73 5.35+0.35

2 NR + + 153.50+12.02 6.65+0.49

3 Simple NR/EPDM - + 185.75+13.08 10.70+0.44
Reactive NR/EPDM - + 195.50+10.61 11.41+0.31

4 Simple NR/EPDM + + 128.25+12.37 11.8040.42
Reactive NR/EPDM + + 132.50+10.61 25.11+0.36

5 Simple NR/EPDM - - 146.50+£12.02 18.81+£0.44
Reactive NR/EPDM - - 151.50+£12.02 16.35+0.21

6 Simple NR/EPDM + - 56.50+10.61 18.50+0.42
Reactive NR/EPDM + - 73.25+11.67 28.05+0.28

a3 8 MIVN8eIe93esLANTINI TN TS IU R BURL e ans wuinliranands
AuAMINUMUGaN1IfinTasuan laBEIUARALEAINIUNUINUAANTITLBAIVBITALLANFINT viit
a9 ne9iuand NR/EPDM figasan 70/30 fsaanalasensdfaduifisaswiaonitandwnsiinszansdn
Tug195330& Femairasiinadarnimsvensdivassasuan’ls :MNNan13398289 Van Duin et al. (1993) &9
anwmsian ludsiuuazmsnudelalauuassnsiuaud NR/EPDM fidasain 70/30 lauaaslwiduinnauas
819 EPDM nezawaglwuninduaiswsmamalasfamaiannii 3 luaseu
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uazSuanfndonnIveneaIve9ITesLAN NALALINK LwiLﬁamdL‘uauﬂ’ﬁmi@ﬁLawlugmmawmwmamauﬁ
wusuenfinazdauifnnunumudamizenasivessasuaniniianinensuauduuum lWanndadunaunan
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3.7.4 andansiazlannnisnag

audAnIRa3LNMING (Compression set) ugadnNEANIAlUNIIAIUTEILI TR lUdnAIIIN
anszﬁﬂﬁﬁ@gﬂmﬂlﬁqmﬁgﬁgaLﬂus:yznamﬁo NANINARAUAINNIATZIN ASTM D395 UaIgITIINTIa
LAZEILUAUTI 6 803 ﬁqmﬂgﬁ 70 °C uszuziom 72 Talug LLaxﬁqmeﬁ 100 °C zpziIen 22 T2l
LEAIGIANTI7 3.36
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@179 3.36 awﬁ'@msﬁ@gﬂmﬂmiﬂmaamaﬁsimwauazmomauﬁ NR/EPDM N&A&IULLAKE 70/30

Recipe no. Rubber type Filler/Oil | AO,/AO; Compression set (%)
70°C 100 °C
1 NR - + 41.28+2.11 62.30+£7.93
2 NR + + 39.13+2.41 53.25+3.75
3 Simple NR/EPDM - + 37.64+1.52 57.68+4.79
Reactive NR/EPDM - + 37.17+2.07 50.51+5.78
4 Simple NR/EPDM + + 38.66+1.99 45.30+4.55
Reactive NR/EPDM + + 34.58+1.29 45.54+1.87
5 Simple NR/EPDM - - 38.89+2.05 43.14+1.19
Reactive NR/EPDM - - 43.14£1.19 42.95+3.24
6 Simple NR/EPDM + - 37.17+3.37 40.62+2.39
Reactive NR/EPDM + - 36.37+3.95 40.97%4.19

a

NANINAFAL IUANT19N 3.36 WuIflamwnnd 70 °C 8195TINTANA Compression set lnalAsInLENg

9 U
z . - - a A _ X
wananauuuna lussuusduaniin lwsaeigumnfigs 100 °C on9p33um1@azlid1 Compression set §91u

nhdnunnifiassnnowsmamainuszguniliifanresfigmunnlgeldisdmaldantd  Compression
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1% { a & . o a ' & A
set daund Lilpamn)igilinen Compression set NIUBILWIUAUAUITIWNITININARAANINTU UFAITIFUIE
NeasasnNEaTaInNNITowLazUiSueandietunvi liinem s enuszmagonlasaassns  lwaslds

Y J { a Qs Y v {
ImaqamwmLLa:vl,mvlmmmu Lﬁagﬂﬂ@]%’l%ﬂ mﬁaﬁumnau%uamauﬁaLmLLsoﬂ@aaﬂ

3.7.5 andanistasslugauainiaion
%é’amﬂﬁﬁumaaugﬂﬁuL'LlaEﬂﬂ‘u’uLioluﬁaummﬂ%auﬁqmﬁgﬁ 70 °C uaz 100 °C udtin lunasay

an & A ~ P @ wn ' . Y ¢ = & = wa o PN
FUUANIAI WL Uy UNURULGNa UL UL VL@]L‘]JaiL‘Ii%@]ﬂ’]iLl]ﬂU%LL?J@G“IIENH&JU@]@GLLﬁ(ﬂx‘ll‘l«W]’]i’N‘l’l 3.37
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a

a9 3.37 L‘ﬂais’ﬁuﬁmimﬁalumJawaaauﬁ'@%é’aﬂmioﬁqm%nu 70 °C uaz 100 °C 2898195ITNIAUAE

U

£N9LLAS NR/EPDM fgasmiuaud 70/30

Recipe Rubber type Filler/ | AO,/ % Change of property % Change of property

no. Oil | AO, at70 °C at 100 °C

100% T.S. E.B. 100% T.S. E.B.
Mod. Mod.

1 NR - + +17.28 -0.46 +1 +24.69 -1.50 -10
2 NR + + +15.32 -1.61 -4 +25.53 -9.62 -12
3 Simple NR/EPDM - + +11.63 | -12.25 -8 +15.12 | -72.81 -47
Reactive NR/EPDM - + +13.33 | -13.10 -13 +21.11 | -71.62 -45
4 Simple NR/EPDM + + +18.45 -7.68 -31 +37.80 | -13.35 -43
Reactive NR/EPDM + + +16.71 -7.24 -14 +48.07 | -11.08 -15
5 Simple NR/EPDM - - +14.46 | -10.09 -7 +30.12 | -71.95 -27
Reactive NR/EPDM - - +35.62 -9.42 -20 +17.81 -75.64 -42
6 Simple NR/EPDM + - +48.09 | -10.24 -25 +65.85 | -26.68 -45
Reactive NR/EPDM + - +25.39 | -12.69 -19 +31.71 | -25.30 -38
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MU RUUBU8IVRIFNUALUANI9N 3.37 MITUNLIIN 70 °C i lkruTAvassnslnmslasundaskasniinisuy
1399 100 °C TaansuNtsan 70 °C M lAanununIuealsIfsue 99 sI TN ALAZ BN UAUARARINBENT 15
¢ =& & A . A o ' eaN g . v A A A ' =2
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auﬂ'@mﬂm"]mdﬁiiumﬁﬁmﬁoﬁmaLuauﬁﬁadﬁﬂizﬂaumadmaﬁﬁaLﬁw‘fioﬁmmwumu@iamm?augga LEAS
TAnimslfnuvasenauauanienssssumaiduesdlsznaunan (W1nndn 50 eulassinnin) Gensnans
ﬁ'umﬂ’ﬁmuiu’ﬁnqm%gﬁLﬁmﬁ'umaﬁsm'lﬁ mMslaasunsieninalvantavasonalfsusladtasnin
mybilamsaanites aanndsana lisndudaslaansdrumadenluersuandudadngla

3.7.6 aNUANIINUNIBGA L lnw

nanaseuanunumudelalausaisnsiaa ludomainasgin 1s0 1431 vilasldunasenwe
e 1 ndiwas v 2 Sadwas shandasenduszasviniy 20% strain aniwi ldusaulwiesnaseufiil
anududuvaslelon 50 pphm amannid 40 °C iuszpziom 96 il mnagevidunimeseuniny
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o

a179n 3.38 ﬂ’ﬂ&l“fl%‘ﬂ’]u(ﬂ'aﬂ’ﬁLL@mLﬁﬂ\‘ﬁ]’]ﬂIﬂIsﬁ%‘Hﬂdﬂ?dﬁii&l‘ﬂ?ﬁuﬂ&&l"ldmﬂu@i{ NR/EPDM N&A&IBLLAKA
70/30

Recipe Rubber type Filler/ | AO,/ ANHHENIAATOLUAN
no. Oil AO;
1 NR - + Wasesuandrwiunvlidiu anuenisasuaninnnin 3 u.
2 NR + + Wasesuandwiwinlaidim anuesesuaninnnii 3 uy.
3 Simple NR/EPDM - + nasesuandwiusulidin anusnisesuan 1-3 u.
Reactive NR/EPDM | - + laivsngsesuan
4 | Simple NR/EPDM + + laivsingsesuan
Reactive NRIEPDM |  + + laivsngsesuan
5 | simple NR/EPDM - - laidsngsesuan
Reactive NR/EPDM - - Wasasuandrwiusulidiu anugisasuaninnnin 3 u.
6 | Simple NRIEPDM + - Taidsngvesuan
Reactive NR/EPDM + - Wasesuandwintvlidiu anusisesuaniInnin 3 uy.

HITITNTANANUNUUGs LaloudinIenuand  NR/EPDM  gniiUHanIsNasauuadultuane
A a AN 9 o o A A & a & Ay 9, '
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o A L a ° ) Vo
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. A &a . W eAq o A A
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A a . & ~ A A ' A o
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YNITITNTN AN IATAVIINITVN DA IVBITOLANTI AU UL UMW RUBILITITNTIR  LAORINVBIDNITITNTIRLINY
a & ' ) A oA a
fsesuaniindusginnziduzduTunnomnn  udillasasuanawialdn  (Microscopic cracks) lug9533371d
°11mm?f’ammuﬁ'uLWamaﬁﬁﬁLSMﬁﬂizmﬂﬁmgjiazﬁﬂﬁiasJLmﬂ“um@]LﬁnﬁoﬂdnvlajLﬁmmiiwﬁ'slﬂmamwm
wala (Macroscopic cracks) vildaailywimsaunan (Failure) vaendla lunstivasensiuanduuuiuen
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finflalgansdumadeudidinsusasmuanifiasnnlalausgluszaniduinuessumatuetsssdunain
g; v L 1 v o v a L 1 { ¥ Y & 1 v
MNeNIRaINRIANNEN T RAuTNIRT I TasuanaaAan sTsnuadaLied il sBensldsnsdiunng
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LR ULNNLANAZIN U UARA U LSHanANT A ununuaa la louunnan
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3.8.1 ansuen1Iaa nduazaniifzass1iuananine buldaansaataa (Gum blends)

3.8.1.1 an¥men13Iaa lug

IELAUATEATEIMLAUAE G AMaRaUANBMLMTIAN ludaioiaTas ODR figmn

1enaaia1In 3.39
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|

U

A

§ 150 °C

ANT19N 3.39 ﬁnwmzmsi’aﬂﬂwﬁﬁqmﬁgﬁ 150 °C @919luaud NR/EPDM wuun? buazihuuSuaniinn

saTaEmUanaang 9 vha ldlgasaada

NR/EPDM Blend type M, My My-M, Scorch time 90%Cure CRI
ratio (dN.m) (dN.m) (dN.m) (min) time (min) (min'1)
100/0 - 2.57 23.67 21.10 5.32 9.36 24.75
90/10 Simple 2.56 22.38 19.72 5.94 10.36 22.62

Reactive 1.30 19.00 17.70 2.50 6.00 28.57
80/20 Simple 3.17 22.26 19.09 5.79 11.41 21.65
Reactive 1.80 18.8 17.00 3.00 8.00 20.00
70/30 Simple 2.93 20.17 17.24 5.66 10.32 21.46
Reactive 1.70 18.00 16.30 3.00 8.50 18.18
60/40 Simple 3.26 20.99 17.73 5.69 11.29 17.86
Reactive 1.80 17.90 16.10 3.50 9.00 18.18
50/50 Simple 3.18 20.44 17.26 8.08 15.45 13.57
Reactive 2.30 18.90 16.60 3.50 9.50 14.28
mﬂ“ﬁagaslumﬁaﬁ' 339 ugasliifuinenauaudiiisasuassnsdfaEuniwasiisamyianm

&y o = Y ' . e & < a o v Aaaa
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A &, &a ) A ' '
a@aammmwmamauﬂmmumsvnaﬂmszmwmmisﬂmaqaama

6 = a a o
EJ'NLUE]‘LW]LLUUSLLE]ﬂVIWYW]Iﬂﬁﬂﬁ’JuLU

' a o a a & a o ' < o v T o
au@?ﬁmmommqﬂ LL?G‘Uﬂgﬂq@]LLﬂﬁﬂ'ﬁLW&l"}Ju‘UaﬂLLSG‘]JG]GI’]T]’J']LI'NLU@%GTLLU?J‘Y]’JVL‘U aﬂwm:mﬂmmﬁam

< [ { o o A av o
Vl,u‘f"lla\‘lm\‘lLUﬂu@i‘LL‘UiJ“n'JVL‘iJLLR:%LLaﬂﬁWLLﬁmmEﬂﬁ 3.83 LAY 3.84 AMURAIAL TILNNDTTITNTINRIULRAIIN LTS
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Torque (dN.m)
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gﬂﬁ 3.83 ﬁnwmxmii'amvl,u%ﬁqmugﬁ 150 °C 283819tUauea NR/EPDM wuum lAdsasiulasiininwes
AadA & 1 Qs a I 1 Qs a
8198 NALBNA1S 9w Tha laildanaaLin
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Torque (dN.m)
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Eﬂﬁ 3.84 é’ﬂwmzmsi'aﬂﬂwfﬁqmugﬁ 150 °C a9tn9Uaua NR/EPDM wuuSwaninndgasiulasiinin

adda & ' a a i 1 ar a
VaIUWDNALBNATI NW %uﬂvLﬁJrLﬁﬁ’ﬁ@]']L@m

WalSyU A US N BUEMITIAN U I8N U ARG UUN L AUKU LSO NANNFASIULAUS 60/40 2
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Torque (dN.m)

—+-simple -® reactive

0 T T T T T

0 5 10 15 20 25 30
Time (min)

Eﬂﬁ 3.85 LSyULALUANBIALNNTINAT U098 UaKe NR/EPDM wuuna luaziuuSianfnnaasainiy
AU 60/40

1n3Ufl 3.85 awdnldadnitawihmauauduuniueniindnafemusaudsgdle (Scorch time)
{ o o 'Y o o o A o o { o
AARINN LUV N 1989097807 IuBar88a3 InaL A BIn UG It AW laNAN WU TUR UL 89U8IANNTUY DI
AdA & o v QI U aan a 6 1 AadAa & o v
n M3 Preheat s9BRGENIMIRaarImlumIBuauU RS e Iaen ludasudannaraspnsB AL uin e
PNILUARAEIAINOATINTIAA LT aud96in WaNsanawssdanuinsnausnawuuIeaniniddnsida
o A o ' & < A = A va H &
dgauazundagigadinienavanduuum ludsennasdunannneausudi ldiianusduaveluitons

1 et =3 v a [ a
N']ﬂﬂ’l'm\“lﬁ]tl,%%vl@ﬁﬂﬂNﬂﬂ’]i’JLﬂi’lzﬁ(ﬂ’JUL'Ylﬂ‘l«kﬂ SEM

3.8.1.2 AMARWILUWBVINI TN 89
HamTATzRa NIRRT IR U TaN lalues lasiTnsuiunasauauas (Equilibrium swelling)
1u<§1’1ﬁ’m:mﬂﬂ§§u @‘hmmﬁﬂahulﬂmﬂ%mmmaamqﬁwaaﬁawmﬁ”’]gjam’s:auqmm:mwwmuﬂumaa‘ﬁuﬁ:

\Tawloslasld Flory-Rehner equation laHaaIan319% 3.40
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AN 3.40 ANNAWILLEUVBINWTL TN oI lueNUand NR/EPDM wuUUNA lUuazuuuIuanfinfisasngiwy
aunadnd g i lilaasaadu

NR/EPDM ratio Crosslink density (mol/ms)
Simple Reactive

100/0 184 -

90/10 164 181
80/20 168 184
70/30 165 178
60/40 154 169
50/50 155 162

ﬁ]’]ﬂwaﬂ’]i%l;ﬂi’]zﬁﬂu@’]i’]@ﬁ 3.40 LLK@]GlﬁLﬁu’j’]ﬂ’muﬂu’lLLﬁuﬂJE]\‘i‘ﬁu‘ﬁzl,%aNIUGI%UNLUQ%@TLLUU‘%LLaﬂ
A A ' & o A o a el 1A “ a o @
'VW\I%Jﬂ']ﬁgGﬂ'J']ZJ'IGLUL"]%@]LL‘]JU‘Y]'JVLTJ LLﬂsﬂqiLWNﬁﬂaqudﬂﬂﬂﬁl']\‘]ﬁii&l"]jq@]luﬂ'lﬁLuﬂu@]ﬂvllluﬁ'li@'nL@]&J‘Y]']l‘ﬂﬂ'nll
' @ A a v & a A o ' ' ) a a 1Y
'Vﬁu'lLL%%“UQGW%]S;L’EQNIUUNLL%'JI%NQ\T“U% Luaﬂﬁnﬂﬂ@nLL%%\TU%L"T'IUI‘.UINLﬂqaﬁnﬂ'ﬂﬁ']&niﬂLﬂ@]ﬂ']il.“ﬁﬂaf[ﬂﬁﬂ'li]
o ) &
nySBIINUB

3.8.1.3 NUANIINWADLIIAY
Namsmaauauﬁ'amiﬁa"lﬁl,l,ﬁ@iﬂu@ﬁaﬁs:mﬁm 100% W&z 300% ANNNUMUABLIINS wazseazia

e o & 1 oo P
ARVIAVBIUWURIUANTARIMBLLI WA €) ﬁ?ﬂvl,(ﬂ@d@l’li’w‘l’l 3.41

797 3.41 FUUANMIAI0ILNSLUAKE NR/EPDM uuuna luazuuuiuanfinfannawuauwaas s sia lals

]1IELAY
NR/EPDM 100% Modulus 300% Modulus Tensile strength Elongation at break

ratio (MPa) (MPa) (MPa) (%)

simple reactive simple reactive simple reactive simple reactive
100/0 0.95 - 2.31 - 23.50 - 613 -
90/10 0.83 1.01 2.03 2.29 22.81 23.17 718 709
80/20 0.88 1.01 213 2.22 20.86 22.82 673 716
70/30 0.86 1.04 2.15 2.20 18.10 20.04 656 709
60/40 0.81 1.05 1.99 2.21 13.77 16.89 612 700
50/50 0.83 1.00 1.80 2.09 5.38 12.02 508 623
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JUN 3.86 AManumudausidiwesenuaud NREPDM uuuvilluszuuuSuanfinfidansiuiuaudanag
e lilagasaqiauy
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—o— Simple —l— Reactive
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U7 3.87 sruzlaaunevedsnaiuaud NR/EPDM uuuviluazuusuanfinfdansimiuaudena g oialils
CRRLGRIRaFY

NN IAsasenauanauuun? lduazuussuenANAFasIuNTIUaua NR/EPDM 6199 N a4
uaadluaIeN 3.41 uazgUf 3.86-3.87 wudielugas anuNuNUGNIIRY uazszuziaannavasBnLUAuG
~ A oA ' & < [N & a ~ a & oa '
wuniuanfinlidrgenimavauduuunill lassutvesssiusuduoulnduszuuniuanfintudanauanedng

AuatatanungandasIunswaudliniy 50/50  wazawLanddaziasadiias gilaantTan 9B
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A = I3 caa o Add ' A a R @ @ 4
@]La&lﬂluﬂqﬂlallau@ﬂd 1%8']\1Lllau@“ﬂ&lﬁ@]ﬁ'ﬂ%’ﬂaﬂﬂ'ﬁﬂW@Lauag&nﬂ LNﬂLﬂ@lﬂ'ﬂ&l‘l&lL“ll']ﬂu“llﬂ\‘]ﬂ@ﬁ']ﬂqi'lﬂﬂ']vlau‘ﬁ

WA IR lF 1 UAUANRTEAUMTIRAT IUBUANE1INY  LauWgs1IBNALBNNIRAT IS TININUNITITNTN AN T

& da o @

o Aaa € o ' o A AAdAd & A = ° ' A 1w
"l,@LWamaawmLauﬂmm‘ummam"LWﬁmmﬁs'mﬂumsﬂmaa‘wmLasmmmLLmaLLsommwmaﬁﬁmmagum
o v a a 1 LY L s J { U a
P A RINV0 I DN NLRAIBNTNAA RN U AVBILNIUAUA WOTARUNINTY  Lagianizilalfinadamatuane
wUUN Mzl la gy AUaI 01 Uana A INTIUIIUARALUUILaN AN HIITALAN INNANITNARBIN ba
v & 1 U a 6 ~ = d‘!‘d 1 AAdAa & &/ o v a
waasliiwimislfinadiamawauduunuanfinlunsdindauvessedfdidnuniuilimunnyigy
RUTAVILNNUAUA LDE190IN NI INN19sTIN T A lndSu sunfangasiw NR/IEPDM winnu 80/20
Wz 90/10 Lﬁaomﬂmoﬁiiu"maﬂﬁmmuﬁaLL‘N;;mLﬂuLWawé’ﬂ@iaLﬁaaﬁﬂﬁmml,v‘ﬁmswmmamauﬁﬁ"l,@i”mu
Inaifinsunanenssssum@ Jvhlvanifuassnauanannnigeanaiia iuana1enuwuinin
a a A wn ed o & 1 & @ A o AdA &
WalSouRnuRuUAY098 LA UANRATIUM TUAKAAII )  LAB A INMTIANTAFIBYILNIBAALEY
TR AN UNUNIUA DU ITIRIVBILNIUAUARARIDENITALIY b sweNaNTz oz aautIanuinIiUasunlas
woswiniiUTanaeeddaianlaiinin 40 phr du luanizidlugaan 100% Tszaulndidssnuuazerlugaad
= v A' &/ a a D a £ d' 1 ' =
300% Hun? IR NT AN LS NI I TITNT AT ULALINUN T RO UL LR IVBIAI A UNUNIUA D LTIA
WalTuu A uLRulAd Stress-strain V8ISNIUAUALULN WUazTHanANNoATIEIRUAUG 50/50 LAz
70/30 9zl 3.88

25
70/30-reactive
20 - _ ~
70/30-simple
£ 15
2
% .
2 10 50/50-reactive
n
5
50/50-simple
0 _
0 200 400 600 800

Strain (%)

o '

31N 3.88 Stress-strain curves 299719 UARALUUN L uarIuanAnsha b laan3a AN NoaIE AU 50/50
ez 70/30

3.8.1.4 ANUAAMINNWNIWADNIINATDUUANUAZNIIVLILAIVDITDLUUAN

HANINATALRNTRANANUNUAENITAATELLANLAZNNTIENEFAITEITONUAN  FABLASBINAROULLL
De Mattia lagsnanuuaiusiuiusay (Kilocycles, KC) frnliTuneseuifinsesuan wazdaNMIVEN8FIVE
iaalLmﬂiugﬂmaaﬁwuqusauﬁﬁﬂﬁiamwm**nmﬂé‘amuﬁu"fu 1 Wy aﬁgﬂvlﬁﬁa@mﬁoﬁ 3.42
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TN 3.42 FUTAANUNUNMKADMILANTOUUANLAZNIVINLAIVBITOLUANYBILNIUAUG NR/EPDM WuL
M luazuuuSuanfinfisanamuanaens g vhaldlaasada

NR/EPDM Flex fatigue resistance (KC) Crack growth resistance (KC/1mm)
ratio simple reactive simple reactive
100/0 364.66+11.37 - 7.5040.49 -

90/10 328.58+11.03 385.46+11.35 3.75£0.42 4.1010.51
80/20 262.61+11.25 368.21+10.74 1.63+0.37 2.89+0.28
70/30 301.57+10.62 331.20+11.03 0.98+0.54 1.3210.61
60/40 84.00+£11.03 309.15+11.38 3.57+0.46 3.67+0.49
50/50 78.58+11.02 271.32+10.62 0.79+0.53 1.26+0.39

INNANINAFDIIATTIN 3.42 WUIHILUAUARANNUNIUADNITEFININLNTITUTIAA IR L6
1 1 a 4 o o v a J L >
MNAANINIMBGanIIHnIadIT s duiminsevlunsinldiiasesuaninluensiaraasinisrenuan
é Y o Wl;/ t&l U =) a o v Aa 1
Y2930 UANDI LAV A TUNAFOURNTOLUANISNGNLNT 2 TARWNGAT srauanaasadadrlsznauyinlwiaawy'ls
LI uitaLa s Rl auwnunITIFEN 953NN G AN AL AN TR AU AN NLA WAL AN TAUNINNIIAUNTEN LA
& v & ' o a AdA & 6 o ) = ' @ & a
MIwandnlesiniy maindSunaessnsdnaduluesuauarinlierslianununmudanisnnioanad Nk
Lﬁaamﬂmqﬁiiumﬁﬁawﬁ'ﬁmwﬁwﬂ;uLLa:auﬂawai’@mﬁan’hma'ﬁﬁﬁLﬁuﬁ’ﬂﬁmammsnﬁ'ma"lﬁmmmﬁ
o A 1 dl o vl 1 6 = = U o 1 A =
NIinIaNITNAaUAMAIFaLIINNIEN ladanIn laggsiuananuustaninazlsinuwinsauinnniivsed
' o a4 oA a o & < A & A A A o o o
AMUNUNUGDNNTINANINN DA UNULIIUAIUARUUNI 1Y 158991N819 U RARULTHONANT ANNLT AU b AT

I3 & o

' a o Aaa s v = wn a A, a a aaa @ &
iz%:]']\jﬂ']\‘iﬁii&]“ﬁqﬂﬂ‘ﬂﬂq\iaW@LauﬂﬂaﬂNal%ﬂqd&la&lu@u“ﬁdﬂaﬂﬂﬂjq ﬂ']SLWNlliaJ']mﬂ']\jﬂW@]LaNﬂ'ﬂ%ﬂ’]\‘]Luau@

wa

a & a & & < a o . I3 ~ a o v & .
;\lﬂ’l’]&lLL‘UOLW&J“H%LL&z&INLUﬂ%@LLU‘iJYI’JVL‘iJstISJ@aag\‘m’J’]EI’NL‘]JEMG]LL‘]JUSLL@TW]WY]’]I%a@a&mmﬂﬁ’mﬂﬂﬁﬂqu
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3.8.1.5 auﬁ'ﬁmsﬁmgﬂmnm‘mm

=3

en A A . & wn A A o

aud@in1ifiagUanminawia Compression set iuaut@fiuaasfisanuaansnlunsfuguesnsda

anludnasnngnnasiliRegtiluszoznawnu 22 Mlusmoldgunnil 100 °C dfildaztisuaniisanudud

AAANU8ILNI (Rubber elasticity) lan Wan1InasauautaniIiagdannane auanasgiu ASTM D395 184
fd' =v 0 1 &) o A

BLLAURNBATI A9 9 LT uaIa1T19N 3.43

AN 3.43 auﬂ'ﬁmsﬁﬂgﬂmnmsnmaomuuau@i{ NR/EPDM LuUN WuazuuIuaninNe a3 s uiLane
dn9 9 wiia lilaznsaaidu

NR/EPDM Compression set (%)

ratio simple reactive

100/0 50.26+3.72 -

90/10 41.67+1.53 46.9016.01
80/20 46.15+£1.68 53.53+6.00
70/30 52.00+5.40 52.89+1.68
60/40 56.00+3.54 55.56+4.26
50/50 53.85+1.86 57.34+5.01

mluwaﬂ’liﬁﬂgﬂﬁ]’mﬂ’liﬂ@ﬁLL%QIﬁMLﬁ&J%‘I«L@HNﬂ%M’]W”ﬂ 2989 NALWY LAZENILUAUALLLI AN

¢ < & A v a o & < A wn a A A v a a a
wefidudmifagUlnfifssiumavauduuunild Ssand@nsfegdiftasainminaildiudninannsfiauas
USunowanssi@anloslugns  mMsAuFaaInYeIe9dNaLE NN IR D19 TUS I Rt TaN  osaansrinlienaTan

€ Aa v 1 a A s £ 1
TudiAinnishna lWenuussnaldunnituazsionisauda lauinnin

3.8.1.6 anUAMsUNLIIIRGaUaINATaN
ad o i : a o A A Ada & A A o .
BTN ATRUEd s lhdanigneanfiatutSinaunlume s Adi8u s lfivuszg luans
lgluanananfisudanumudasninuiedes  Wamhmauaudfidadmuaudan g luuisngumnil 70 °c
(o] 3 wa =S [ il ' = ~a . a1 1 1 2 6 & 6
waz 100 °C  ummeseuantamIcvessnanastusaIoufsunurutatentnss  Idesifudnns

WRgnLUaeaIaulaadIa1319n 3.44 was 3.45




97

390 3.44 weiidudmafsuudaswassudandidusiigunnil 70 °C wn 72 TN VOILNIUAUG
NR/EPDM wuuna lduazuuuuanfinfisamnaismsiuanadnd g sie lildasaadu

NR/EPDM %Change of 100%mod. %Change of T.S. %Change of E.B.
ratio simple reactive simple reactive simple reactive
100/0 +4.21 - -5.24 ) -1 -
90/10 +23.26 +12.10 -9.15 -2.04 -6 -1
80/20 +3.23 +5.62 -0.34 -1.21 -3 -3
70/30 +7.06 +12.35 -10.74 -2.14 -5 -8
60/40 +4.16 +2.11 -8.19 -7.44 -4 -6
50/50 +21.35 +5.15 -6.85 -4.09 -6 -10

3190 3.45 wedidudmafsuudaivasanddndduiieiigunni 100 °C wiw 22 TN VBILIIURUG
NR/EPDM wuuna lduazuuuuanfiniisanaisnmsiuanadnd g sie lildasaadu

NR/EPDM %Change of 100%mod. %Change of T.S. %Change of E.B.
ratio simple reactive simple reactive simple reactive
100/0 947 - -39.73 ) 28 ]
90/10 +29.10 -5.50 -53.12 -48.00 -24 -9
80/20 -17.20 -3.37 -43.85 -48.57 -5 22
70/30 +4.71 +11.11 -51.36 -62.23 -38 -36
60/40 +6.25 +3.16 67.29 -64.58 -38 -25
50/50 +5.26 -2.10 -53.55 -65.19 -36 -10
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gﬂﬁ 3.90 WSt FudnsURonlUaIuaIfaNUNUNIRABLTIAITEILIUAKE NR/EPDM wuUna luaswuys

A Ao . & a 9 o A
uanfinfsanamuanang g vha ldlaasads
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UN 3.91 L‘ﬂai%m?msm&'wuﬂmmaoﬁﬂugé’aﬁ 100% V8ILTIUAKE NR/EPDM wuun2 luazuuyIuanin

Noanawiuanadn g sie lildgansandu

ﬁﬂﬂ*‘ﬁagalumﬁaﬁ 3.44 LLa::El]ﬁ 3.90 wudwauﬂ'ﬁ%éﬁmsﬂuLioﬁqm%gﬁ 70 °C UBIHNILUARANAN
A a & A o A X Aa ' =2 A A
L'ﬂaﬂuu,ﬂaaLwmLaﬂuaﬂ@mmwmh@am'wumu‘[ummsﬂummmwumWamamLmsimwmummama &9

aninlandiuofidudmatfouwudasasantavossnssinlngdindl 10% uaasineIsIsumALazoNILLARA
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finssnananlinuladngmngd 70 °C advlsfinmlermItnisfigunnsl 100 °C wiu 22 Taluawui
AMNNUNIUG DL TIAIRFINITUNLIIVBI DI TITNTIABRLNILARANAIAARIDE1ININ LAB NI U A UG Db 8 SLFUG
; - . ao ; - L X .
MRN8 UBIRNTANINNINBIIBIINT IR AU LﬁaqmmgwlumsuuLsagwumw:ﬁmmwummmmﬁa
AR LﬁaamﬂmwaﬁamzvlﬂLS’G’LﬁLﬁﬂﬂﬁiaaﬂs’i‘im*’ﬁml,a:ﬁwmsJI:uLaqmlaamaﬁﬂﬁlﬁﬂmm?«ammw Tage9iu
& A a < a ¢ = & A wal A o @ '
AUALUUTHaNANBAzRU U ML S Fudn 3 U Rowul s 98U A LANAINARNINGD  INAINARBINLIN
AdAa & £ = wa 1 3 = 6 & 6 tﬂl wa v 1 6 e A
g9aRaLdNAInlaNTANUdanNTantazliasiduansiUfeuntasradgntaasunn  wasNBUaRanauanNg
Lﬂ’é‘ﬂuLLﬂawaaamﬂ'@mﬂﬁaﬁmsmauﬁmoﬁﬁﬁLSW‘T&Jmaﬁﬁu‘maﬁwalﬁﬂ%mmﬁ'uﬁ:@;ﬁamuﬁmﬁwﬁumo
a Y v & 1 e { { a ] ‘VJ e a Q 1 { IAI =
ﬁs‘mm@muuamlwmmﬁmumsnﬁauamwsl,umamau@i‘ﬁaqmmqaJqavlu"l,muﬂuﬂimmmaaa@muﬁvl,uaum
lulassaiananvasenudifiesasnaden udenafifasedus Whafeites 1w sheveswuszionlosluens
‘vﬁaﬁ‘hmuamawaaﬁw:ﬁ‘m:ijﬁgﬂL%aaﬂm LAZANNLTILTIVAINTAANUIENINIRITOLADTERININRENS
Wudu aimwamsm‘&‘wuﬂmmaaﬁﬂmgé’aﬁ 100% lugﬂﬁ 3.91 wuin hiduwildunm sl feunl s usasIn

ea o
NILUINANTALIU

3.8.1.7 andaaNanwnuealalan

managauananumudalalousassneiaaludommasgm 150 1431 nlaglFiunaseuwa
s 1 uiwas v 2 Saawes dhandeeaniuszosnriniy 20% strain niwii luruludeameseudia
anutNduvadlalon 50 pphm pannd 40 C Liluszuziom 96 #lus minesaviilummaseuaiy
numusalalauluaniizauadn (Static ozone resistance) 9ldnan1smagaudsil

o '

AT 3.46 ANuNwUGalalauvassniuand NRIEPDM wuuviluussuuyiueninfisandiwuanaeng g

aialaldansaadn
NR/EPDM ratio Blend type ANBHNINATOLUAN
100/0 - Wasesuandwiniulaitin aAnusisesuanannnin 3 u.
90/10 simple Watasuaniwiniulaiiiu Anusnsesuaninnnii 3 Ua.
reactive Wasasuandwindiulidin anusisesuanuInnin 3 uy.
80/20 simple Wasesuandwinsiulidin anusisesuanuInnin 3 uy.
reactive Wasesuandwiusulidin anusisesuanannnin 3 uy.
70/30 simple Wasesuandtwiusvlidiu anusisesuanannnin 3 u.
reactive AATALUANIIWIBNIN AMVYIITALUANNINNTT 3 WA,
60/40 simple Tidsngvesuan
reactive laivsngsasuan
50/50 simple Tidsngvesuan
reactive TaiUsngsesuan
0/100 - Tausngsesuan

HANINAaRauAMUNUMuGalalausassnsian lusn lddasandunaz ldlaasdrunszanla 9as

A ' el Adda & ad ] ' - CE v A
AN 3.46 W‘U’]’]UWGLU@%@VI&IK@N’J%%HGU’NE’]W@LE]&II%U’]GITS?&J’H'WWIGLL@] 40 mﬂmu’mumﬂmﬂﬂumm
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% ' A A oA A A o I~ < ' A a &

funudansrauiiasnnlalanlaaifoy HIRaINIITNasaULDwIRIWIN 96 TALNd WU bINTeULANIAGTH
A & A Ay A9 a &< & P

VWA IUAUARADE191A IuU e NE1ITITNTIRRIUN bERITHOWA Lo lTuuusNI 6PPD WazlRInIs T AUAINaNIT

NagaUlua1T19N 3.38 LAATEWANLTIALINULNITITNTNGN b I ERITI U T RONLAZ LI UAUAN IO FIUYD I

PNTITNTNG g9

3.8.2 ANEBMLNITIAA IHTUALaNTAVDILIUARABRA LdF@15AILANLLAIAT (Carbon black filled
blends)
3.8.2.1 AaNBMENTIAA WS

a

o e o ' & Y o € v a P o
WIEWLURIUANAAITIULLIUANT € m‘maauaﬂwmzmﬂamvlmjmmﬂiaa ODR “ﬂﬂqm‘ﬁﬂ&l 150 C

U

lenaaiaTIn 3.47

AN 3.47 é’numzmﬁamvlwfﬁqmﬁgﬁ 150 °C 2898791Ua%e NR/EPDM wuun2 luszuuunaniing

BAMFIULLAUAAN § ThAlda3ALAN N-550 USanm 50 phr

NR/EPDM Blend type M, My My-M, Scorch time 90%Cure CRI
ratio (dN.m) (dN.m) (dN.m) (min) time (min) (min'1)
100/0 - 2.90 35.00 32.10 3.50 8.00 22.22
90/10 Simple 1.90 34.30 32.40 2.50 8.00 18.18

Reactive 1.30 27.67 26.37 2.00 8.00 16.67
80/20 Simple 2.60 34.70 32.10 3.50 8.50 20.00
Reactive 1.50 27.40 25.90 2.00 8.00 16.67
70/30 Simple 3.20 33.70 30.50 3.50 9.00 18.18
Reactive 1.90 26.90 25.00 2.50 8.30 15.87
60/40 Simple 3.70 33.50 29.80 3.50 9.30 16.67
Reactive 1.50 24.30 22.80 3.00 9.00 16.67
50/50 Simple 4.30 32.50 28.20 3.50 11.00 13.33
Reactive 1.80 21.67 19.87 3.50 11.00 13.33
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Torque (dN.m)

0 5 10 15 20 25 30 35

Time (min)

3U7 3.92 anvarmyiantludfamnnd 150 °C vasnuuaud NREEPDM uuuvi lfidansimuaudangg

i lgaIaLin N-550 USunmw 50 phr

—A—20 —>30 -—HB8-40

Torque dN.m)
O

—
(=]

—-10 -—»©—50

0 5 10 15 20 25 30 35
Time (min)

U7 3.93 anwozmiyiaanludfigmngdl 150 °C vasuawad NR/EPDM wunuanfinfisansinuauedengg

i@ ld8159LGN N-550 USunew 50 phr

WalSuu A URN BN TIAN B I8N U ARG RULNI NUKULSLaNANNFASIRL ARG 60/40 A2

W@Tﬁagﬂﬁ 3.94
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40

Torque (dN.m)

-+ simple -#reactive

0 T T T T T

0 5 10 15 20 25 30
Time (min)

JUN 3.94 WIHUMEUAN BN IIRAN TV ILNIUAKA NR/EPDM  WULN? MUasuUUTHanAinAaasna iy
aue 60/40 vhaldansaaLiin N-550 USunaw 50 phr

{ 1 AI a =3 o v L AI J
NN3UN 3.92-3.93 wuihmaadINmes819aNaLEY TR IR UAUATLIAINNTIRA bUTLRN
' ad & A A A o e o [ & A & o A = A
RIWATNNSUARALULTUaNANIHA IR UA UG DI EN oAz Ia 1 e bdaaadiNudantauiaiSuuisy
o < A ' A A 9 v A ' I o 1% o
AUENIUAUG UL lSsuanasnugdnssuvasenauanasie bildgmandy  msldwirddnaldonasi
o v & o o @ & A & & ~ A | o o
anuiaulddsuuazildiaalunsisanludaaas gl 3.94 aziwhoswauduuninanfinlimay
A P o A A o A a o & < A &
sudnlawidiidusdadgauszgigaaassannilaiiisuiugaauduuuna lashazdunsanmnszag
o e o ) e o o & &
@I IE e MTUauaLUUTwan ANy IRindnszansdrEaN o eI NIsa SN RN Y ULAZ NS
TAUIINIT IRRVBILIND LA

3.8.2.2 ANUANIINWADLTIAY
&a

aa 2 W o A A ' = A
NNU@]ﬂ'Wi@NVL(ﬂLLﬂ I&Jﬂaaﬁiwzﬂ(ﬂ@nds} AIMUNUNIUALLIIANI WRSITUSUAIWUIAVBDILNLLUIUAN

dadauuauding g ayldaianai 3.48
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TN 3.48 aNUAMIAIVEILNILUAKE NR/EPDM wuunilduszuuuSuenfinfisanauiuauaanssg siald
§1302LAY N-550 UIu1es 50 phr

NR/EPDM 100% Modulus 300% Modulus Tensile strength Elongation at break
ratio (MPa) (MPa) (MPa) (%)
simple reactive simple reactive simple reactive simple reactive
100/0 2.71 - 12.83 - 22.62 - 465 -
90/10 3.28 2.57 10.24 11.72 20.21 22.34 471 487
80/20 3.79 2.43 10.38 10.67 15.32 21.26 382 468
70/30 3.69 2.59 10.18 11.21 11.79 19.85 321 467
60/40 3.15 2.27 9.16 10.94 9.44 18.27 302 438
50/50 3.14 2.40 8.27 10.93 8.64 15.82 315 407
30
25
5
S 20
=
o
5 151
B
2
Z 10
o
=
5] —&— Simple —&— Reactive
0
0 10 20 30 40 50 60
EPDM content (phr)

gﬂﬁ 3.95 ANMUNUMKABLIIAIVEILNGLAUR NR/EPDM  wuun luasuuuiuaninfisa s niuanaang s

i laaIaLin N-550 USaunmw 50 phr
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600

500 |

400 -

300

200

Elongation at break (%)

100 —o— Simple —— Reactive

0 T T T T T
0 10 20 30 40 50 60

EPDM content (phr)

a

U7 3.96 szuzinaunavasenaiuaud NREPDM wuuvialduazupySuaniinfidanaimuaudensg siialdans
AL@N N-550 U3unew 50 phr

PNFNTAN IRV I UAnALUUN I uazuuLSuanANAFasIwNTIUaua NR/EPDM @199 nuhd
fIdANVAN N-550 USanmk 50 phr aouaadluan TN 3.48 wazjuUf 3.95-3.96 amAuldhaudiana

' =2 A & A A A ' & <o . o
ﬂummlamimLLa:imwmummmaamamau@meuanm\lumgamwmamaummum”l,ﬂamammu Tag
RUTAVILNIUARGLUUN M WAz hULT RN AN BT AULANGII N O E1ITALAUNFARIUAITIUAUG 50/50, 60/40

A ' ¥ { a & o & g {
WRZ 70/30 WAy 80/20 TIANNWANGIIHAzanadtlaUSImensdNaaNtesad NI IuwIz et uaua s
a a &/ i { Y 1 a J o v
VSN NI AFIUH FUTAANUULTILTIVAIILAUAT L s lng ez iNaN1 eI BsTNTARNN T 1l
U N FLIDNALDNNDILT 8199 U352 AUNI T TN L UILAL TEALVDIFNIANANAINIT  LEAINAARRNLA LAY
YRINILUAUAUDIRI L LAY FARINYDINITITNTIA LI LA UATIN LA LI UAUA AN NUNIUA BN TS
. o 4 o x | o 4 L e o

anusTalumsta LLazmiugaaﬁ 300% LAWY sl,umm:ﬁmiugaaﬁ 100% HenlnfLAsIny

A a A wn =2 eAq 9 o A o A A

WallSuu Ao usNTan13asu 9819 uaua N bawas W laasaat@uwingn anuan talua19n 3.41 uas

1 1 L a ] o A I o a a A a a a o v a L &/ & 1 v
3.48 WUINMIRINIANANWIGTITURITANANTRANILFI VU TERNTA N ﬂﬂl%ﬂwaulugaagaﬂuu FIRING LA
YNIRINNIDE A AR URI LﬁaamﬂmsﬁaLammmeﬁwumin@hag’i:mﬂﬂmaqamaamﬁaﬁﬂﬁmsﬁamﬂﬁﬁ@ﬁ

o o ° o o £ ' wn o ' ' M 9
100% Waz 300% maﬂmmﬁago m’lmmiu@aagwu SIUFNTAGIUANUNUNIUA DB IIFINUIN B UaUaN bl la
§1302Ld0 (Gum blends) wuuvilddananuniudeussfeganiiesiuaudnlaivaing) N-550 USanm 50 phr
o Ao & g & & I ° o o & v A
TUWNRAFIWAITIUAUG  50/50  n9tenavztdunaanmsiuanduuuna lWynlwznsiaan luduazansaid
NIEALFITER TN FININIRAILANGIINY 39V T AvaIsnuanawuun lWnlgansddudanas  aawln
a & A A ' &g 9 o A A . . o ' & A

NIBVBINIUAUARULIRNANNU I e Stuanan tanaz llaansandy  Jalduandranuuinin  netitasan

o a 4d9 v g o ' A a a a o
ﬁ']i(ﬂ']L@NﬂlﬁLﬂuLﬂjﬂﬂNm%qﬂa%ﬂ']ﬂl%musﬁﬂuwﬂ.luﬂ']il,ﬁsuﬂﬁzﬁﬂﬁﬂ']wm']
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70/30-simpl

70/30-reactive

!

50/50-reactive

f

50/50-simple

50 100 150 200 250

Strain (%)

300 350 400

31N 3.97 Stress-strain curves 289N UARALULNI M uarTuanfiwsialdasa@uiuing N-550 YSunow 50

phr fi8ATEIWLARE 50/50 waz 70/30

3.8.2.3 ANUAANMNNUNIBADNITLIATDUUANUAZNITVLILAIVDITDYUAN

NANINARALFUL AN INUMBADNINATOLUANLAZNNTVINLAIVDITOLUANGILLATDINATOLLUL De

Mattia I(ﬂ a8 wNaLdwiTwa mauﬁﬁﬂﬁ%umaau AaTosuan

URZAATINIVLNUAIVDITALILG ﬂiugﬂmaa

° { o 9 o o a & P> i
71]'1%’2%58‘]_]17]1’]’11%39ULL@Iﬂ“ﬂU’]U(ﬂ’JEITJLWN“D% 1 WU, ULRAIAIANTNN 3.49

(ﬂ’]i']{lﬁ 3.49 auﬂ'@mwwummiamnﬁmammmm:mimmUé”maoiammﬂmaamamauﬁ NR/EPDM LUy

mlduazuuuSuanfnfannamuauaadg shaldaaadu N-550 U3unas 50 phr

NR/EPDM Flex fatigue resistance (KC) Crack growth resistance (KC/1 mm)
ratio simple reactive simple reactive

100/0 88.00+3.50 - 3.64+0.72 -

90/10 30.00+2.80 38.72+3.07 1.06+0.14 1.95+0.23
80/20 25.00+4.70 30.98+2.90 1.061£0.23 1.77£0.24
70/30 20.24+3.70 28.74+3.50 1.3610.22 2.24+0.25
60/40 20.00+4.00 25.98+3.10 1.03+0.24 1.3310.35
50/50 19.80+2.70 22.35+4.20 0.82+0.26 1.21+0.36
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100

90 ——Simple =~ —#— Reactive

Crack resistance (kilocycles)

0 10 20 30 40 50 60
EPDM content (phr)

U 3.98 ANNNUNIUG BNILNATOUUANVAILIILUAUG NR/EPDM wuUN luazuuuSuanAinnaaa nuane
699 vhaldasaaidiu N-550 USunm 50 phr

Aad & d a & 17

ﬁquﬂuiaﬂﬁﬁqlﬁ/lﬂ@'ﬁﬂULL(ﬂﬂfﬂs‘Zﬂ@]ﬂ(‘l@n&lﬂ%&l']m?]ﬂ(iEIWO?JWQLFJNV]LWN"U% LLﬂZUWGLUﬂ%@ﬁﬂQWNﬁW“W?%
@iamiﬁ'ﬂdaﬁ’m’j’]moﬁiwmﬁmn Lﬁﬁ]\?f\nﬂU']Gﬁiim"lﬂaﬁﬁllﬂwaﬂ'.]']Ng@ﬂijuiﬁﬁﬁqlﬁﬁquqiﬂﬁﬂﬂE]VL@?WWNLLiﬂﬁ
o . - o v A g ed o I3 Aa o o 9 o
ﬂi:ﬂ']l,l,az@]@ﬂﬁuﬂd@E]LL?{I‘Y]ﬂiz'V]’]VL@](ﬂ LﬁJf’JLﬂ%UWOLUﬂu(ﬂSﬁ{‘]NaGﬂﬂSZﬂaULLaZﬁJN'}ﬂizf\]mu (Interface) ‘Y]']l'ﬂﬂ’]i
' P o &) v & 6 = = Yo 3 P a w (3
GIE]‘]JN‘%'E]G@]'E]Lﬁ\‘]‘ﬂﬂiz‘ﬂ'uﬂ%vl‘l]vl@]El']ﬂ‘lJ% F;l"]\'iL‘]Jﬂ%ﬂLL‘]_J‘].JSLL@ﬂﬂWﬁ]Zl‘ﬁ'ﬂW%?u?ﬂUN']ﬂﬂ'ﬂLllaL‘Y]FJ']JTI‘]_JUWGLUR%@]
< ] & ~ a A Yy ) @ ad & & oA A o a
LL‘IJUV]'JVIJJLL@@I\TJ']U'NL‘]Jﬂu@]LLUU?LLQTW]W&lﬂ']']ll@l']%ﬂ']%@]ﬂﬂ'ﬁ%ﬂ\??J@]“ll% YN%@'W]'J"IL%ﬂ\']ﬁnﬂNW%ﬁHTaNIﬂ\']
' £ o ' & "o @ e o ' ' @
JeAINIWNFINT WL RIILFUANIN ‘i'JNVNL‘lI&I']@']a’]N']‘Eﬂﬂ?ﬁQ']SJ@I'JVLQﬁll']LﬁNaNqﬂﬂﬁqéﬂﬁdNﬂlﬁﬂqﬁﬁﬁNﬁa

a Aa
LTINANANIN

3.8.2.4 auu@an1siazlenniIna
wn ’ A 3 & wa A =2 A o
sugAnIAagUnnInawia Compression set Liluautafiuaasfisanuaansnlunsiugiuassnsia
ﬂ']vl,wﬁﬁé'amngﬂm:ﬁﬂﬁﬁﬂgﬂLﬂmm:nmmu 22 %’aimmﬂ’lﬁqmﬁgﬁ 100 °C dfilavztsvandsanailug
A&ANUBILNY (rubber elasticity) Loy namInasausNtAn1IAAIUINMING auaNaITIH ASTM D395 B84

ea o ' ' &) a P
HUILURUAIDAITRIUAT €) uasn1119hn 3.50
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a79N 3.50 auﬂ'@msﬁmgﬂmnmsﬂmaomamau@i‘ NR/EPDM LLU‘]Jﬁ’JVLﬂLLazLLUD%LLﬂﬂﬁWﬁé’ﬁliﬁd’lul,ﬂﬂu@i{

#n49 vhalaansaldia N-550 U3unak 50 phr

NR/EPDM Compression set (%)
ratio simple reactive

100/0 50.87+4.31 -

90/10 54.70+4.56 54.60+5.02
80/20 60.67+2.43 63.4414.18
70/30 63.22+3.88 65.87+4.77
60/40 62.9046.22 71.25+7.94
50/50 68.9715.41 75.56+3.59

AAdA &

{ 1 va a { v Q‘ J a
ANUAIUANIN 3.50 wmmummiw@gﬂLﬁaamnmsﬂﬂﬁLLqumwumumwﬂimmmaamaawmau
d’ v & 1 = 1a L dl o v dl va ] L3 a =
eﬁmaﬂﬂ%mm']amsJ'ﬂsmmwuﬁ:mimauimaﬂmml%mawgnnwlv&mgﬂaQmalmqmwgugmﬂm:mnm
mmﬁﬂmﬂmﬂ@gﬂvlﬁmnLLazLﬁﬂﬂ'}sﬁuﬁ'sné’wéﬁmﬂLmLLion@aan"L@Tﬁaﬂ mslawaindlusnerinliensiaan
¢ a A & oA o & ' AV A ' [% & o = A A
"l,mjm@miwcﬂgﬂmﬁmnmsﬂ@mnmmuaamnL%Mﬂ@ﬂLﬂuaauw"mequ AIzRw ldnmITUSouisuann
A . PR = wa 1 ' ' ' o o a dy ' 6
1alua13199 3.43 NUANTIIN 3.50 FIuaaIFNUAVINd I lFuazlFUIFINEIOY HaNINNRNLI1DNIUAUR
a A A ¢ < & A ' & <
LLUU?LLaﬂ'ﬂ‘NNL‘].]aiL‘Hu@lﬂ’]iNﬂEﬂfgdﬂ’J’]EJ’NL‘UQ‘LL@LL‘]J‘LJ‘Y]’JVL‘]J

3.8.1.5 sadansUasslugauaimeion
s =S a 1 1 = = s a1 [l ' & & 3
HanIMeFaUFNLANIAassnAsnTIS sy ADsudGdeutuslugidafidudns
wasuulaswassutEnasiheauauangasiunauauden g luusingunns 70 °C uaz 100 °C 1Huas
M13191 3.51-3.52 Uz UM 3.99-3.100 awdaL

9N 351 wedidudmadsuulamessuiandidusiigunnil 70 °C wn 72 TA39 VBILVILUAUG

NR/EPDM uuuna luazuuuiuanfinnaamnainnisiuauaens g sialassaaldn N-550 USunms 50 phr

NR/EPDM %Change of 100%maod. %Change of T.S. %Change of E.B.
ratio simple reactive simple reactive simple reactive
100/0 +14 +14 -11 - -12 -12
90/10 +18 +14 -8 -8 -11 -17
80/20 +19 +12 -24 -25 -25 -23
70/30 +40 +46 -4 -14 -18 -33
60/40 +12 +12 -7 -7 -14 -37
50/50 +13 +14 -4 +3 -12 -1
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3190 3.52 wedidudmafsuudaiwasanddndtuiieiigunni 100 °C wiu 22 TN VBILIIURUA
NR/EPDM wuuna lduazuuuuanfiniioamaiwiuanadnd g shalaansandy N-550 USaunm 50 phr

NR/EPDM %Change of 100%mod. %Change of T.S. %Change of E.B.
ratio simple reactive simple reactive simple reactive
100/0 +23 - -28 - -30 -
90/10 +28 +8 -28 -71 -32 -58
80/20 +38 -8 -41 -66 -48 -49
70/30 +87 +33 -5 -31 -41 -41
60/40 +22 +38 -18 -27 -30 -34
50/50 +31 +23 -2 +2 -20 -7

d a '  oa & IS ' d
Lﬁaqm%ﬁwﬂ’liumidm&m%ﬁ]’m 70 °C Ll]u 100 °C WU EJ’NLuauﬁﬁLﬂagL“E%ﬁﬂ’liLﬂaﬂmLﬂad“UéN

an £ A a L 9 v a aaa A o a X
mm@mn"nmﬁmmnqm%gmmﬂ%m@ﬂgﬂimaaﬂmww,wwu

' o a & o ' '
ﬂ’]IﬁJQﬂﬁ“ﬂ SNUWENNYWARINIIVA L?Gl%

A P ' = A ¢ = € = wa :
AWTUENLWNUAIAIUNUNIUADLLIIAILLNEITHUSLAIUVIANAN Ll]E]ilfﬁ%(ﬂﬂ’ﬁl:l]ﬁU%LLURGTQG@NU@F]'T\&W]%VH%@E]

LLsoﬁaLLa:Iugé'aﬁ 100% ermé’mwmumauﬁumﬂugﬂﬁ 3.99 LAz 3.100 UL

% Change of tensile strength

10

0

—&—simple - 70°C

-50
—8—reactive - 70°C
-60 - .
—o— simple - 100°C
-70 —B—reactive - 100°C
-80

EPDM content (phr)

Eﬂﬁ 3.99 1ot Euan 1T AU RLURITBIAIANUNWNUG BLIIAIVDILNIUAKA NR/EPDM LuUN2 luasuuns

wanAiNAsaEImLAnAENI 9 Thaldasaldia N-550 U3anmk 50 phr
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100

—&— simple - 70°C
—&— reactive - 70°C
—o— simple - 100°C
—B—reactive - 100°C

80

60

% Change of 100% modulus
N
S

EPDM content (phr)

gﬂﬁ 3.100 L‘ﬂaiﬁ?uﬁmimﬁmuﬂm*’uao@iﬂu@é’aﬁ 100% V89719 UaKA NR/EPDM wuuna luszuuuSuanin

'
o

NoAMEIHILALAGN § Thald1Ia LAY N-550 LSu1mk 50 phr

ea ¢ & 6 A ' ' =< A Ao AdA &
P UARA UL 8 ST UANITLU AU ULURIVDIAI AN UNUN UG BLTIA IR AL DR RAFIUVRILNIBNALDNNN
£ A A f o A v Ao o & AN o
2% luwnsinmafouulasvasdlugaalifiuilivfitanuaudasumauaud e Imasadf lduaad
v & eaa A & & o o o o A al 1 oA o '
IWiawhewsudnossywmnaidussdsznaunandsnamanziunsldnungunnliin 70 "c uazlal
mm:ﬁ'vmsamﬁqmﬁgﬁgmﬁalﬁmai’am"l,usr?ﬂ'am%’nmauﬂ'ﬁLﬁmvl,i”l@”

3.8.1.6 antaaNanwnuaalalnn

namnagauaamumudalalsuvassnaaa ludarmaasu 150 1431 lagldfunaseuawa
A 1 muiwas Wi 2 Sadwas danfaseniduszazinty 20% strain MniuilUuawlutamesauds
anududuvaslalon 50 pphm gaanndi 40 °C iluszoziann 96 $lus ldnansnasaue i
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a3197 3.53 anunumusalalouvassnduand NREEPDM uwuuniluuasuuuueninfisamainiuandeng g
i laaIaLin N-550 USunmw 50 phr

NR/EPDM ratio Blend type ANBHNINATOHUAN
100/0 - Wasesuandwiniulaicdin anusisesuanannnin 3 uy.
90/10 simple Wasesuandrwiuntlidiu anusisesuaninnnin 3 u.
reactive Wasasuandwiwiulidiu anuemsesuaninnnii 3 v,
80/20 simple Wasesuandwinsulidin anusisesuanuInnin 3 uy.
reactive Wasesuandwinsiulidin anusisesuanuinnin 3 uy.
70/30 simple Tavsngsesuan
reactive NATDYUANIIWIWUDY AINULIITALUANUINATT 3 .
60/40 simple laidangsesuan
reactive Taidanngsesuan
50/50 simple Tidsingvesuan
reactive laivsngsesuan
0/100 - Tavsngsesuan

' cda a AAdA & ' A ' a A
PNHANINABINLTNIUAUANAUTN M98 RALENNINNTY 30 phr Ranunumudalelaudibon
A ' Aa i i o < B < {o N
FUNUTOOLANUBRIDILADEIIARRINARALATY 96 TALAd  RIULILUAUGRUUNI IUARAEIW  70/30 bl
1 6 = ~ = o v a J dlﬂ‘ 1 1 Qs a ] o %
Usnngresuanudensiuausuuvstaeniiwisesuanswindesiatn  lunsdinlilgssaadumirdainal
A & v & o eaa . a Y ' a &
AN 3.46 WULEAI AR IIINADINTLILUAUANIANNNUNInGs Lolaud lag bidaslaansiond Lo lawuus
U 1 =3 g; 1 J 1 { 1 ] o g; a =3 =3
azdadldnsBiaidnasud 40 phr Auly udlugaseausudlavainduudianuedfdiby 30 phr fiio
WO I ILUAUANNUNINGD N TLANTBULANU WA LI a3 N Lo L MIANANNNUNIUADNITUAN
a A v ad & Ada & o AdAa & o '
asnnlalawassssymmdmediimuuaudnuenidndidulasldinauessnsdididunszanoaiaglums

'
v A

a v A ' o ) q o { a &
5330T1@ Doyle (1996) laafunsinwguasansdAaiduininidasnulilwsesuanian 9iiiaulunguasens

AAdA & A

= Qs “U < ] v A G Qtdl
"l(ﬂaumiwmﬂmﬂmaﬂLLmnlﬂtyvlmﬁiaLﬂismLwaﬂuaamaawmamamaumwwqmmnmn (Crack  stopper)

LTI IANAIINUNU a8 U8IToULANAAR
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unn 4 a?ﬂNaﬂ'ﬁﬂﬂaﬂ\‘]LLR&??I/E’JLﬁ%aLL%%&ﬁ%%ﬂﬂﬁ%%%ﬂi%ﬂ%’]ﬂm

4.1 s3luanisnaaay
ea A v a Aasa &
4.1.1 SNUAL0IAWVBILSIINTIAUAZ 19D NALD N
{a o A o 0
ANURIAYWASNAUYINNIBITNTIA (STR 20) YU 88 ML 1+4 (125 C) UAzU03LN9aNaLaN
@ 0 ' v @ o o o o a
(Keltan 512) \¥inAU 50 ML 1+4 (125 C) AawMIUanasnadnaannda¥innsdsuanuniiaassnas3snaa
v a Qs Ada & wn v 4‘ a A a 6 ' A =y

lnalfosnuendAady  NamInaseUrNUAMT MassLaIaInzlaaissleflinasnuinanuniaidiensadsns

a Ada A o A a & Ada & A A oA ' ada
ﬁs‘mmmLLazmoawwLam@aoLsJaamwmsmamwmﬂﬂﬂmaawmawm']wuﬂmaugom']maﬁﬁu"mmm
AnunilayuiEudurinn

AaA A % o & o o ed = ' AAdAa &

El’]x‘lﬁi’ill“ﬁ’]@l&ll,’m’Wl&l’]dﬁ']&l’]‘iﬂLL‘].]iE‘]_JvLﬂ nadaa g wazganmyian lusiisindnenedAawduunn

ansmuenNMIIaAN luS8981953INALDULUL Reversion kazwad8n9aAaL8adwuuy Marching #89n33a

&

€ ad ' =2 S ' a A
A IS EIBTTNNARAMUNUN UG E]LLS\WNLLﬂtﬂ'J’W&lﬁ’l&l’ﬁﬂsL%ﬂ'ﬁﬂG]Ej\‘m'.l'l HE NN GIN ]

4.1.2 anliauassesssNTRaRAnuEsaRnaalasI s nssauuLna Y

RauasanIaasenltlusnsiand NREEPDM Suadosutianmyiaanlud lagnslgasaasingusai
wludleun cBs uaz TBBS Wanussdafdindu (M M) naNIuLs3L (Scorch time) uaziaMYIaNT lud
(Cure time) adgatuauauINNIIMIlEaauingulsailoasfia MBT uaz MBTS

snauauanasualasldanisaise CBS uaz TBBS ﬁdﬁiugﬁagaﬂdﬁLLazﬁiw:ﬁ@ﬁ]u"um@%Wﬂd’lmam
auAld MBT uaz MBTS agnitatau smsuautaanunumuaanssasnuingsuansnadsulasldasaas
MBT uaz CBS fienanunumussussasinaidsoiuuazdadininnisldasaiss MBTS uaz TBBS audau
Tagenawanduuunaliildansaaise TBBS fandaanunumudeusifigega

wa ¢a a Y A o o & ¥ Y

41.3 aunmaazmmauﬂwLmﬂu'[mﬂﬁ'aﬁﬂﬁwaw,l,unmﬂummm:muqumwmmumaa
d13Taanluduazarsasaalvg19arssing

ANBUSNTIAN IUTUBILINUAUA NR/EPDM BUUNIRLADTHUN MANAREAAS0INUENIUARAULN b
lasg13@7L39 TBBS WnmﬁsmLLﬂsgﬂvlﬁLLammmﬁam"lwﬁmuﬁq@ J998937Aa CBS, MBTS uaz MBT
AU ﬂ&'\imﬁam"lwfwuiwmoLuauﬁuuuﬁﬂﬂﬁﬁﬂu@&'agon'hmaLuau@imumamaimw WRZMTLT
81362159 CBS Elﬁﬁiﬂ&lg]é’ﬁgdgﬂ FIUANNNUNIUADBIIAILAZAMNRINTD FANTE VDI UAUA LY

& A ' & < o o o ' ~
N’]ﬁL@]EJiLL‘]JYI?Jﬂ’]gGﬂ’J’]EI’]\‘]L‘UQ%@‘ILLUUY]’JVLﬂI@UﬂWﬂ%ﬁ’Ti@]’JLN TBBS  l#anununmudaunssfinazaing
vxmLmumaaﬁuﬁ:ﬁauimgaq@

NI AU LT RAFINANNITUTUVDIRNITATI TBBS 1Suduluinasns EPDM/INR ¢19nw fafl 50/50,
60/40, 70/30, 80/20 uaz 90/10 HanmmuzmyiaanludlnfiAsariu wazesinanludnldddlugds anunum

AOLTIAY  ANNENNIIDIWNNSEA  wazAMIRwinTaIRuTzTanlaslndlfesnw  lasndasiuanuuTua

'
1o '
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ABSTRACT

Simple blending of NR/EPDM generally results in inferior mechanical properties due
to curative migration and their differences for filler affinity. In this work, the 70/30 and 50/50
NR/EPDM blends prepared by reactive processing techniques were investigated and
compared with the simple, non-reactive blends. The reactive blend compounds were prepared
by preheating EPDM containing all curatives to a predetermined time related to their scorch
time prior to blending with NR. For the 70/30 gum blends, 4 types of accelerators; MBT,
MBTS, CBS and TBBS, were studied. When compared with the simple blends, the reactive
blends cured with CBS and MBTS showed a clearly improved tensile strength whereas the
increase of tensile strength in the blends cured with TBBS and MBT was marginal. However,
a dramatic improvement of ultimate tensile properties in the reactive 50/50 NR/EPDM blends
cured with TBBS was observed when compared to the simple blend. For the N-550 filled
blends at the blend ratios of 70/30 and 50/50, the reactive filled blends prepared under the

optimized preheating times demonstrated superior tensile strength and elongation at break

John Wiley & Sons, Inc.
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over the simple blends. The improved crosslink and/or filler distribution between the two
rubber phases in the reactive blends accounts for such improvement in their mechanical
properties. This is shown in the SEM micrographs of the tensile fracture surfaces of the

reactive blends which indicate a more homogeneous blend.

Key Words: blends; NR; EPDM; mechanical properties; reactive processing

INTRODUCTION

Blending of natural rubber (NR) and ethylene propylene diene rubber (EPDM) is done
to combine the good mechanical and dynamic properties of NR and the heat and ozone
resistance of EPDM for a broader range of applications. It has been demonstrated that
inclusion of sufficient amount of EPDM into NR or other unsaturated commodity rubbers
such as BR and SBR improved their heat and ozone resistance'>. The finely dispersed phase
of EPDM in highly unsaturated rubbers provides an effective internal antiozonant equivalent
to or even superior to conventional antiozonants such as N-(1,3-dimethylbutyl)-N’-phenyl-p-
phenylenediamine (6PPD)" *°. However, it is well recognized that blending of highly
unsaturated NR and highly saturated EPDM generally leads to inferior mechanical properties
of the blend vulcanizates caused by uneven distribution of crosslink or reinforcing filler or
both”®. The differences in unsaturation levels lead to cure incompatibility especially in sulfur
vulcanization systems. Moreover, highly polar accelerators preferentially partition in high
unsaturated NR phase and promote a maldistribution of accelerator concentration and, as a
consequence, the NR phase contains more crosslinks than the EPDM in the NR/EPDM
blends'’. Utilization of different types of accelerators has been demonstrated to have an
influence on mechanical properties of the simple NR/EPDM blends''. Various approaches

have been adopted to overcome the cure incompatibility in blends of EPDM with diene
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rubbers as well as to get better filler distribution in such blends in order to optimize the blend

properties. Those approaches included use of blend compatibilizers'>"?, modified EPDM'*'°,

17-18 9

two-stage vulcanization and a reactive blending technique™ '*. The latter technique has
been proven to work very well with NR/BR/EPDM blends aimed to use for tire sidewall
applications®. In this work, the reactive processing technique was employed to prepare the
blends cured with sulfur vulcanization systems. Four different types of commonly used
primary accelerators; MBT, MBTS, CBS and TBBS, were investigated in 70/30 NR/EPDM
gum blends in order to determine the effectiveness of the technique. The TBBS which
produced the optimum tensile properties in the gum blends was later employed for further
investigation in the carbon black filled blends at the same blend ratio, as well as in both gum
and filled blends at the blend ratio of 50/50. The cure characteristics, mechanical properties

and surface topography of tensile fractured surfaces of all the reactive blends were assessed in

comparison with those of the simple blends.

EXPERIMENTAL

Materials

NR (STR20) manufactured by Chana Latex Co., Ltd. (Songkhla, Thailand) and EPDM
(Keltan 512) manufactured by DSM Elastomers B.V.(The Netherlands) were used for blend
preparation. The EPDM rubber contains 4.3 wt% of ethylidene norbonene (ENB) as a third
monomer and 55wt% of ethylene. Four different types of accelerators were employed, i.e.
2,2-Mercaptobenzothiazole (MBT), 2,2-Dithiobis- (benzothiazole) (MBTS), N-cyclohexyl-2-
benzothiazolesulfenamide (CBS) and N-tert-Butyl-2-benzothiazolesulfenamide (TBBS). All
were manufactured by Flexsys (USA). The other compounding ingredients used were zinc

oxide (Global Chemical, Thailand), stearic acid (Imperial Chemical, Thailand) and sulfur
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(Siam Chemical, Thailand). All elastomers and compounding ingredients were used as
received.
Preparation of blend compounds

Initial Mooney viscosities, ML1+4 (125°C) of EPDM and NR tested according to
ASTM D 1646 using Mooney Viscometer (SPRI, England) were 50 and 88, respectively.
Prior to blending, NR was masticated on a two-roll mill in order to reduce its viscosity to be
similar to that of EPDM. All the blend compounds were prepared by using a 6”"x14"” two-roll
mill with a friction ratio of 1:1.21. The simple and reactive blends of NR/EPDM were
prepared with the same ingredients for comparison purposes.

Preparation of simple gum blend compounds: The simple 70/30 NR/EPDM blends
with various accelerator types were prepared using the formulations given in Table 1, and the
simple 50/50 NR/EPDM blend cured with TBBS was compounded using the formulation
shown in Table 2. The pre-masticated NR was mixed with EPDM, then stearic acid, ZnO,
accelerator and sulfur were sequentially added, respectively. Total mixing time was 12
minutes. The blend compound was finally made into a 2-3 mm thick sheet by a two-roll mill.

Preparation of reactive gum blend compounds: The procedures employed for
preparing the reactive NR/EPDM blend compounds in this work were adapted from the
reactive processing technique reported for NR/BR/EPDM blends elsewhere'”. The reactive
70/30 NR/EPDM blends using the four accelerator types, and the reactive 50/50 NR/EPDM
blend cured with TBBS were prepared using the formulations given in Tables 1 and 2,
respectively.  The entire amounts of stearic acid, ZnO, accelerator and sulfur were first
sequentially incorporated into the EPDM only using a two roll mill operated at room
temperature. The EPDM compounds were tested for their scorch times at 150 °C using an
Oscillating Disk Rheometer (ODR 2000, Monsanto) according to ASTM D 2084. Different

preheating times for the EPDM were then assigned using scorch time as a reference point, as
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demonstrated in Figure 1. Preheating times assigned were in a range of few minutes prior to
scorch time and would not exceed the scorch time in order to keep the preheated EPDM
processable. The EPDM compound was then preheated in a compression molding machine
at 150 °C for a pre-determined time. The resulting preheated EPDM sheet was immediately
removed from the mold, left to cool down to room temperature in open atmosphere, and later
blended with premasticated NR to a final required blend ratio.

Preparation of filled compounds: Two masterbatches of NR and EPDM with carbon
black and oil were prepared. Each masterbatch consisted of rubber 100 parts, carbon black N-
550 50 parts and naphthenic oil 10 parts. For the simple filled blends, the NR and EPDM
masterbatches were mixed to the assigned final NR/EPDM blend ratios, i.e. 70/30 and 50/50
prior to adding stearic acid, ZnO, TBBS and sulfur, respectively. For the reactive filled
blends, the EPDM masterbatch containing N-550 and oil was initially mixed with the entire
amounts of stearic acid, ZnO, TBBS and sulfur. The EPDM compound was made into a 2
mm thick sheet, tested for its scorch time at 150 °C, preheated to a time assigned related to the
scorch time using a compression molding, and finally cross-blended with the masterbatch of

NR to make up a final blend compound having all ingredients as shown in Table 2.

Determination of curing characteristics and vulcanization

All blend compounds were tested for their curing characteristics, i.e. scorch time (Ty;),
optimum cure time (Tcgp), minimum torque (Mp) and maximum torque (My), using
Oscillating Disk Rheometer according to ASTM D 2084 at 150 °C. The compounds were
subsequently press vulcanized to their optimum cure times and the resulting vulcanizates were
left at room temperature for at least 16 hours prior to being tested for their mechanical

properties.
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Determination of blend vulcanizate properties

Tensile properties

The blend vulcanizates were tested for their tensile properties, i.e. modulus at 100%
elongation, tensile strength and elongation at break according to ASTM D 412 at a crosshead
speed of 500 mm/min, using Hounsfield Tensile Tester (H10KS, Hounsfiled Test Equipment,
England).

Crosslink density

Crosslink density of the vulcanizates was determined by equilibrium swelling method
through Flory-Rehner equation®. The samples were immersed in toluene at room
temperature until swelling equilibrium occurred, i.e. until the swollen samples’ weight
remained constant. Prior to weighing, the samples were removed from the bottle and blotted
with filter paper to remove excess toluene from the surface.

Morphological studies by SEM and TEM

Scanning electron microscopy (SEM) studies were carried out on the gold coated
tensile fractured surfaces of the blend vulcanizates by JSM 5410, JEOL. The magnification
for all samples was at X3500. For the transmission electron microscopy (TEM) studies, 60
nm thin sections of the blend vulcanizates were cryogenically cut using an RMC model MTX
ultramicrotome at -120 °C. The non-stained sections were characterized using TEM (JEM

2010, JEOL) at a magnification of 6000.

RESULTS AND DISCUSSION

Curing characteristics and tensile properties of simple and reactive 70/30 NR/EPDM
gum blends
The EPDM compounds with four different types of accelerators, i.e. CBS, TBBS,

MBT and MBTS, displayed different scorch times at 150 °C and hence preheating times for
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each compound were assigned differently. Four different preheating times were assigned for
each EPDM compound. For example, the EPDM compound cured with the TBBS had a
scorch time of 14 min so the preheating times assigned were 12 (Ts;-2), 10 (Tg-4), 8 (Ts1-6)
and 6 (Ts-8) min, respectively. The EPDM compound cured with the MBT had a scorch time
of 2.5 min, therefore the preheating times assigned were 2 (T5;-0.5), 1.5 (Tg-1), 1 (Tg-1.5)
and 0.5 (Ts;-2) min, respectively. Different preheating periods were evaluated in order to
find a preheating time which gave optimum tensile strength. Curing characteristics of the
final blend compounds prepared with simple and reactive techniques are compared in Table 3.
For the reactive blends, the curing characteristics of only one representative blend compound
are demonstrated here. The scorch times at 150 °C of the EPDM cured with TBBS, CBS,
MBT and MBTS which were used as reference points were 14, 12, 2.5 and 18 min,
respectively.

The reactive blends clearly exhibited shorter scorch times and cure times in
comparison with those of the simple blends for all accelerator types as shown in Table 3.
This was the result of the pre-activated EPDM component during the preheating step. It is
generally accepted that torque difference (My-Mp) from the cure curve is proportional to the
extent of crosslinking in the rubber vulcanizate''. From the results shown in Table 3, the
reactive blends tended to show torque differences higher than those of the simple blend
counterparts. So, this implies a higher crosslink density in the reactive blends in relation to
the simple blends.

Tensile properties of the reactive gum blend vulcanizates cured with different types of
accelerators were investigated in comparison with the properties of the simple blends. For
each accelerator type, the reactive blends prepared by using the preheated EPDMs which had
been subjected to various preheating times prior to blending with NR were tested. It was

found that the tensile strength of the reactive blends varied with varying preheating times, as
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typically shown in Figure 2 for the blends cured with the MBTS. It can be clearly seen from
Figure 2 that the optimum tensile strength of the MBTS cured reactive 70/30 NR/EPDM
blends was obtained when the preheating time of Ts;-3 min was used. We found that the
optimum preheating times for the EPDM compounds cured with CBS, TBBS, MBT and
MBTS were Tg-1, Tg-2, Tg-1.5 and T -3 min, respectively. The tensile strength and
elongation at break of the reactive blends prepared by using the EPDM compounds preheated
to their optimum preheating times are shown in Figures 3 and 4, and compared with those of
the simple blends. It was found that the reactive blends cured with MBTS and CBS showed
significant improvement in tensile strength whereas there was only a marginal increase in
tensile strength when MBT and TBBS were used. The increase of ultimate tensile stress in
the reactive blends does suggest an improved crosslink distribution in the blends prepared
through reactive technique. This improvement in mechanical property could be attributed to a
reduced curative migration and hence a better crosslink distribution, in agreement with the
work reported for the ternary blends of NR/BR/EPDM cured with the CBS accelerator™ .
The preheating step of EPDM compounds resulted in accelerator fragments attaching to the
EPDM rubber chains, and thereafter the curative migration from the EPDM phase towards the
higher unsaturated NR phase was restricted, resulting in a more homogeneous curative
distribution between the two rubber phases.

It is clear that the reactive technique was effective for such blends cured with CBS and
MBTS, but less pronounced in the blends cured with MBT and TBBS, as exhibited in Figure
3. The TBBS was reported to provide the NR/EPDM blends with rather good cure
compatibility '' in agreement with our results for the simple blend. It can be seen in Figure 3
that the simple blend cured with TBBS depicted higher tensile strength than those cured with
MBTS, MBT and CBS, respectively. In Figure 3, the CBS was found to give the lowest

tensile strength for the simple blends, among the four types of accelerators studied. This is
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believed to be caused mainly by its high cure rate, low melting temperature (97 °C) and high
polarity which resulted in a greater amount of accelerator migration and hence maldistribution
of accelerator concentration between the NR and EPDM phases .

The crosslink density of the simple and reactive blends with an optimum tensile
strength determined by equilibrium swelling method in toluene is shown in Table 4. This
reveals that the reactive blends contain more crosslinks than the simple blends, except the
blends with MBT where both types of blends showed similar crosslink density. The increased
crosslink density could be attributed to more crosslinks in the EPDM phase which lead to an
improvement in crosslink distribution between each blend component. Characterization of
crosslink distribution in rubber blends is not a simple task and has no absolute method. The
similar solubility parameters of NR and EPDM (16.5 and 16.1 MPa'’?, respectively) introduce
even more difficulties. Some of the techniques such as swollen-state NMR and differential
swelling methods applied for polar/non-polar rubber blend®' require the difference in
solubility of each blend component in each selected solvent so that the techniques are not
applicable to the NR/EPDM blends. Sophisticated solid-state NMR is probably the most
suitable technique, however the technique is complicated and requires expertise. We expect
to implement such technique, in order to get more insight about local crosslink distribution in
the blends, and the outcome shall be reported in our future publications.

The TBBS was found to provide the best overall tensile properties in the 70/30
NR/EPDM blends prepared by both simple and reactive techniques, as indicated in Figure 3.
The blends demonstrated good mechanical strength since the blends are composed of 70 parts
of NR. To further evaluate the effectiveness of reactive processing technique on such blends,
the blends with lower content of NR, i.e. higher content of EPDM, were also worth
considering. The NR/EPDM blends at the blend ratio of 50/50 cured with TBBS were

therefore investigated.
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Curing characteristics and tensile properties of simple and reactive 50/50 NR/EPDM
gum blends

The blend compounds were prepared following the formulation given in Table 2
utilizing both simple and reactive blending techniques. The reactive blends were prepared by
using the EPDM which was preheated to various times pre-determined in reference to its
scorch time. The reactive blends showed shorter scorch and cure times than those of the
simple blends, as shown in Table 5. A reduction of scorch and cure times of the reactive
blend was due to the utilization of the pre-activated EPDM, as previously discussed for the
case of the 70/30 NR/EPDM blends.

Figure 5 clearly shows that the EPDM preheating time has an influence on the tensile
strength of the 50/50 NR/EPDM reactive blends. This behavior was previously observed for
the 70/30 NR/EPDM blends, as demonstrated in Figure 2. For the 50/50 NR/EPDM gum
reactive blend, the optimum preheating time was found to equal to Tg-1.5 min. On
comparing the tensile strength of the 70/30 and 50/50 NR/EPDM blends cured with the TBBS
as shown in Figures 3 and 5, respectively, it is clear that increasing the EPDM contents from
30 to 50 parts in the blends resulted in a significant reduction in tensile strength of the blend
vulcanizates. This is obviously due to a poor strength of the unfilled EPDM vulcanizate.
However, as illustrated in Figures 5 and 6, it was found that the utilization of the reactive
processing technique remarkably improved the tensile properties of the NR/EPDM blends,

When the two blend components have similar viscosities, the blending of NR with
EPDM at the blend ratio of 50/50 could result in a co-continuous blend morphology?. At this
50/50 blend ratio, the curative migration from highly saturated EPDM to highly unsaturated
NR could lead to very inferior mechanical properties since the high strength NR would no
longer act as a matrix. The results shown in Figure 6 revealed that both tensile strength and

elongation at break of the simple 50/50 NR/EPDM blend are very much lower than those of
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the reactive blend prepared under the optimum preheating condition. Such improvement is
inevitably influenced by a better crosslink distribution in the reactive blends. The reactive
blend also displayed more crosslinks in comparison with the simple blend, as indirectly

indicated by the torque differences in Table 5.

Tensile properties of N-550 filled simple and reactive NR/EPDM blends at the blend
ratios of 70/30 and 50/50.

The improvement of ultimate tensile properties by the reactive processing technique
has so far been demonstrated in the non-filled or gum blend vulcanizates. In order to evaluate
the effectiveness of the technique, the carbon black filled blends of NR/EPDM having the
blends ratios of 70/30 and 50/50 were prepared according to the formulations given in Table 2.
The preheating time of the filled EPDM compound which gave the optimum ultimate tensile
properties was found at T;-1.5 min. The tensile properties of the 70/30 and 50/50 NR/EPDM
blends filled with 50 phr of N-550, prepared by simple and reactive techniques, are compared
in Figures 7 and 8, respectively.

As demonstrated in Figures 7 and 8, the reactive blends at both blend ratios revealed a
great improvement in ultimate tensile properties. The improved mechanical properties are
attributed to a better crosslink distribution, as discussed earlier for the results of gum blend
vulcanizates. In addition, the EPDM bound intermediate, and possibly a few crosslinks
formed after the preheating step would retard migration of carbon black towards the NR phase

and result in a better balance of filler distributed between the two phases.

Morphological studies of the simple and reactive NR/EPDM blends

The improved ultimate tensile properties of the gum and N-550 filled NR/EPDM

blends at the blend ratios of 70/30 and 50/50 prepared by reactive processing technique are in
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good agreement with the results observed in SEM studies. Figures 9 and 10 show SEM
micrographs of the tensile fractured surfaces of the NR/EPDM blends at the blend ratios of
70/30 and 50/50 containing no (gum) and 50 phr of carbon black N-550, respectively. The
reactive blend specimens subjected to this characterization were those of the blends prepared
under the optimum preheating times which gave the best tensile strength. The fracture
surfaces of the reactive gum blends at both blend ratios, as illustrated in Figure 9, show a
more smooth and homogeneous pattern in comparison with those of the simple blends. The
better blend homogeneity in the reactive blends indicates the coherence of the two rubber
phases and hence results in higher tensile strength or improved mechanical properties. These
SEM results of the tensile fracture surfaces are in good agreement with results reported by
Ghosh et al.  and Suma et al. " for the same type of blends.

The fracture surfaces of the N-550 filled blends prepared by simple and reactive
processing techniques at both blend ratios, as illustrated in Figure 10, show quite similar
patterns. The better coherency of the rubber matrix and carbon black dispersion in the
reactive blends were marginally visible in the SEM micrographs when compared with those
of the simple blends. However, the TEM micrographs of the simple and reactive filled
NR/EPDM blends at the blend ratio of 50/50, as shown in Figure 11, demonstrate that the
carbon black was better distributed throughout the reactive blend in comparison with the
simple blend. The dramatic improvement of tensile strength and elongation at break observed
for the filled blends, as shown in Figures 7 and 8, should result from the improvement in both
crosslink and filler distributions between the two rubber phases. For our NR/EPDM blends
where both rubber phases showed very close glass transition temperature (Tg) and damping
peaks are well overlapped, a quantitative analysis of filler distribution in the blends based on

24-25

damping studies was not applicable.
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CONCLUSIONS

The reactive processing technique applied to prepare the blends of NR/EDPM in order
to reduce the migration of curatives and filler towards a higher reactive NR phase was proved
to be very effective, as demonstrated by the improvement in ultimate tensile properties. For
the gum blends at the blend ratio of 70/30, a significantly improved tensile strength of the
reactive blends in comparison with that of the simple blends was observed when the CBS and
MBTS were used. The increase of tensile strength in the reactive blends cured with the TBBS
and MBT was marginal. The use of TBBS resulted in good mechanical properties in both
simple and reactive 70/30 NR/EPDM blends. However, a dramatic improvement in ultimate
tensile properties of the blends cured with the TBBS was observed when the NR/EPDM blend
ratio was at 50/50. For the N-550 filled blends at the blend ratios of 70/30 and 50/50, the
reactive filled blends prepared under the optimized preheating times demonstrated superior
tensile strength and elongation at break over the simple blends. The reactive technique
employed preheating of EPDM compound containing the entire amount of curatives in order
to generate the rubber bound intermediate prior to the crosslinking process. This results in
less curative migration towards the NR phase, more crosslinks in the EPDM phase, and less
partition of carbon black in the highly unsaturated NR phase in the case of filled blends. The
improvement of the blend vulcanizate properties therefore accounted for an improved
crosslink and/or filler distribution between the two rubber phases, leading to more

homogeneous blends as illustrated by the SEM and TEM micrographs.
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TABLE 1

Compound formulations of various accelerator types

Page 16 of 31

Ingredient Part by weight

A B C D
STR 20 70 70 70 70
Keltan 512 30 30 30 30
Zn0O 4 4 4 4
Stearic acid 2 2
MBT 0.67 - - -
MBTS’ - 1.33 - -
CBS* - - 1.06 -
TBBS" - - - 0.95
Sulfur 2.5 2.5 2.5 2.5

* accelerator contents equal to 4 mmol
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TABLE II

Compound formulations using TBBS as an accelerator

Ingredient Part by weight

E F G
STR 20 50 50 70
Keltan 512 50 50 30
Zn0O 4 4 4
Stearic acid 2 2 2
TBBS 0.95 0.95 0.95
N-550 - 50 50
Naphthenic oil - 10 10
Sulfur 2.5 2.5 2.5
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TABLE III
Cure characteristics at 150 °C of the 70/30 NR/EPDM gum blend compounds

Accelerator Blend Preheating ML My - M, Scorch time, Cure time,
type type time* (min)  (dN.m) (dN.m) Ts1(min) Teoo (min)
CBS Simple - 2.69 19.65 6.36 11.00

Reactive Tgi-1 2.66 20.28 3.90 8.70
TBBS Simple - 2.12 20.73 7.40 13.50
Reactive Tg-2 2.88 20.22 2.81 8.87
MBT Simple - 2.81 14.76 1.79 11.00
Reactive T-1.5 4.11 14.76 1.44 9.80
MBTS Simple - 2.26 15.53 4.32 10.50
Reactive Ts1-3 3.40 18.59 1.66 7.45

* Preheating times which gave an optimum tensile strength of the blend vulcanizates
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TABLE IV
Crosslink density in the simple and optimum reactive 70/30 NR/EPDM gum blends

Blend type Crosslink density (mol/m”’)
CBS TBBS MBT MBTS
Simple 173+6 175+4 123+3 137+2
Reactive 176£5 181+£3 12242 1462
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TABLE V
Cure characteristics of the simple and reactive 50/50 NR/EPDM gum and filled blends with
TBBS accelerator (The EPDM preheating time = T;-1.5 min for the reactive blends).

Blend type Cure property at 150 °C
ML My My - My, Scorch time  Cure time
(dN.m) (dN.m) (dN.m) (min) (min)
Gum-Simple 3.57 2291 19.34 7.60 16.31
Gum-Reactive 3.29 24.11 20.82 2.28 9.78
Filled-Simple 5.93 39.44 33.51 4.00 12.50
Filled-Reactive 5.44 36.19 30.75 1.75 10.50
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Stress-strain curves of the simple and reactive (Ts1-1.5) 50/50 NR/EPDM gum blends
with TBBS accelerator.
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Stress-strain curves of the simple and reactive (Ts1-1.5) 70/30 NR/EPDM blends filled
with 50 phr of N-550.
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Stress-strain curves of the simple and reactive 50/50 (Ts1-1.5) NR/EPDM blends filled

with 50 phr of N-550.
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SEM micrographs of the tensile fractured surfaces of the gum blend vulcanizates at the
magnification of X3500: (a) 70/30 NR/EPDM-simple; (b) 70/30 NR/EPDM-reactive; (c)
50/50 NR/EPDM-simple; (d) 50/50 NR/EPDM-reactive.
88x74mm (600 x 600 DPI)

John Wiley & Sons, Inc.
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SEM micrographs of the tensile fractured surfaces of the blend vulcanizates filled with 50
phr of N-550 at the magnification of X3500: (a) 70/30 NR/EPDM-simple; (b) 70/30
NR/EPDM-reactive; (c) 50/50 NR/EPDM-simple; (d) 50/50 NR/EPDM-reactive.
88x73mm (600 x 600 DPI)

John Wiley & Sons, Inc.
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@) (b)

TEM micrographs of the blend vulcanizates filled with 50 phr of N-550 at the
magnification of X6000: (a) 50/50 NR/EPDM-simple; (b) 50/50 NR/EPDM-reactive.
50x28mm (600 x 600 DPI)
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