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Abstract
Project Code: PDF/83/2540
Project Title : New Natural Rubber blended with ULDPE
Investigators: Dr. Varaporn Tanrattanakul (Polymer Science Program, Faculty of Science,

Prince of Songkla University)
Asso. Prof. Werasak Udomkichdecha (Department of Materials Science,

Faculty of Science, Chulalongkorn University)

E-mail Address: tvarapor@ratree.psu.ac.th
Project Period : August 1, 1997 - July 31, 1999
Objectives :

1. To produce a new Natural Rubber Blend by blending with ultra-low-density polyethylene

2. To investigate properties of the new Natural Rubber Blend and compare these properties
with those of NR/SBR blend, and to observe compatibility of the new Natural Rubber Blend
Methodology : Natural Rubber (NR) was blended with ultra-low-density polyethylene
(ULDPE) by using a two-roll mill. Blend compositions included 70, 60 and 50 wi%NR.
Conventional vulcanization with sulfer was done by using a compression mold producing
rubber sheets. Physical and mechanical properties were tested according to ASTM. These
properties were compared to those of NR/SBR blends which prepared under same method.
Results : Tensile properties, tear and aging {(oxidation) resistances of NR/ULDPE blend
are better than those of NR/SBR blend. Abrasion and flex cracking resistance of the new
blend are lower than those of NR/SBR blend. Mooney viscosity and resilience of both
blends fall in the same range, whereas hardness of the new blend is slightly higher than that
of NR/SBR blend. Blend of NR and ULDPE is immiscible but compatible, compatibilizer is
not necessary for this blend. Co-continuous phase is observed in the blend of 50/50
NR/ULDPE. NR does not significantly effect on crystallization behavior of ULDPE.
Conclusion : Compatible NR/ULDPE blend is prepared. This new blend shows tensile
properties, tear and aging resistances as good as NR, and better than NR/SBR blend. It is
the good promising to replace NR/SBR blend with NR/ULDPE blend.

Suggestions : Future work is preparing the blend in an internal mixer, which will add carbon
black for reinforcement and peroxide for ULDPE curing. These may change blend
morphology and mechanical properties of the new blend.

Keywords : natural rubber, ULDPE, polymer blend, rubber blend, thermoplastic natural
rubber
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a1 1.1

uDRMIMEMWYeY ULDPE ENGAGE 8150 (Tayavingia)

Physical Properties Test Method Values
Density, gm/cc ASTM D792 0.868
Mooney Viscosity, ML 1+4 @121°C ASTM D 35
Octene Comonomer, % Dow 25

Melt Index, dg/min ASTM D1238 | 05

Melt Flow Ratio, l,¢/l> ASTM D792 7.7

Dow Rheology Index (DRI) Dow 2
Ultimate Tensile, psi (MPa) ASTM D638 1,600 (11)
100% Tensile Modulus, psi (MPa) ASTM D638 400 (2.8)
Ultimate Elongation, % ASTM D638 880
Hardness, Shore A ASTM D2240 75
Brittleness Temperature, °C ASTM D746 <-76
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2.1 danfunarainag]

w o a o . a - » w =
TraAltlulasimsisoldun  sresssum@(eranan)sfesrsuruainuis(enséy
\NTA2) (air-dried sheet rubber) HEAMNENNIOITIIFIULNIG WAL IUNY BWIAING] 3.8987

tnaasiiend (SBR petroFLEXD) sRiatnsarialudalszneusialain 23.5% sunre=vlands
Bdatuwediweslsiatu (emulsion polymerization) ﬁqmnn“ﬁ 10 °ar. IwStenfiduniiananu
Wi LUGIUN (ULDPE ENGAGE 8150)Al8Tinnunuiiin 0.868 niu/mw.’ ndalay w3um

aeiinea  d70@ auﬂ'ﬁmamumwuaaULDPE(ENGAGE®8150)a'§ﬂ1ums1a'ﬁ1.1
NRua:SBRgni’am‘lwﬁﬁ'w'ﬁ'aMaﬁm:ﬁmsmﬁﬂuqﬁ'mf Vulkacit CcZ>(CBS)ilummis
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2.2 lﬁ‘iﬂdﬁaﬂ‘lﬁ‘lﬂn“l‘ilﬂ%ﬂﬂ SNHEAN

1. Lﬂ"‘iamﬂamgnnﬁo (Yasuda Seiki® 191TM two-roll mill) fvuraifurgudnma 3
fi2 uazem 8 i é’aﬂmuﬂﬂm‘%‘naugnngmﬁwiagnn‘s‘;mé’awhﬁu 1:1.23

2. 1n3n3da (Kao Tiech®compression mold)

3. m‘-’saoé’ﬂ?;mmtﬂugﬂﬁ'munﬁ (dumbbell) FIHuLULLYISIWAUAUARURZ AN
ﬁmmsnﬁ'm§umﬂm’ﬁ3ﬂhmmuum':'u‘lﬁ nsfRtuImuuLilizunia die cut

2.3 Simuneiouprvanuiaeg
P1I5ISUTG

g
= -~ (%
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qmu.gi’iﬁ'ﬂatﬂunm’lajLﬁu24'3'1'[mﬁauﬂﬂﬂi’am'lwfﬁ':um’%aaé'ﬂ TEWINMsSUaNFNLSY
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tA303(machine direction, MD) 1un‘1'ii]ﬂuﬂ‘?d$iﬂ'lﬂ‘il:ﬂauﬁﬂn'lnn'la(transverse direction,
TOpoutndniduadas ﬁ'aﬁ':uTDmaouﬁu%nﬂ%‘:oriaua:nmm'ﬂuMD'uamdw’&nn%«ﬂaqﬁu
wauaaaluziz.1 msﬁwﬂmfﬂaaﬂn'ﬁ'l.ﬁﬂ"‘sawﬂaaa@nnﬁva wtilAlininaunszolen
ndiu aﬂﬂtqumamﬁﬁ-i‘fuagﬁuﬁﬁma

m‘%aaé'ﬂgnﬁfaqquﬁ'li'ﬁ 140%%. duaauntatanlusiideil enanpuadgniina
Souloeldussdainden aldehuuussedtsunand ssdausznuiu(pre-heatinguilu
msud Mussdalvfionudurindu 600 nnsmn? Wiwamn2swd sewieiliinisddesuss
sadtetuldnmalunmaands Wassudmuain ioukusasanainiaissa Ralidu
ﬁqmuqﬂﬁ’aa Ll.s'a"mﬂﬂe'fmﬂu%m-lmﬁanﬂaauqmam}?\mofj wrinensfildnnissdad
UUIA 12.5x12.5x0.1 T’ win 12.5x12.5x0.3 au.’

wiugnsAdnnunun 1 . a:gné’ﬂd’mummnﬁﬁgﬂhaﬁumaé’ ieliiuguaulu
MINARDUAMANTATING

praarians
LT | . F-3 [ " o . ‘lﬂ.
11s'mmsmummnuNanJ-s:ms pnciulidnsuanaldfiy

BINAN

NRgnum'ln"ﬁuﬁauua’aﬂwSBRﬂ%aULDPEmnau msuauenagsslmitAnl ez
IfmliifuiowifitududanGuueNR  snensunaisendrdiniu :l53Enmnldnu
v“lﬁmwaauniw‘&n(MD—TD)lumsi]aul.-ﬁ"\nn‘ﬁ"wﬂaﬂnm Watslwnandwdaidoaiule
:ham.'hmuamamﬁm%waagnnga devnidumaaiiuasdniumsdaluanadsras
Lﬁmﬁuﬁun‘ﬁm’muNR'r‘maJ'i:ms

P =
2.4 \n7aiiafldlummessyanautiduariininassy

4 N . .
1. »383 Oscillating Disk Rheometer (ODR) IWASTM-100 us: Moving Die
Rheometer J4MDR 2000 (Alpha Technologies) 1fasradaudnweNITIan lusuaipsany

NN ASTM D2084 nemevfigmangil 140°%. Furwiuesneulndiiulingungi
- d o KT - ™
wommilsfuussluldiamludianiniassn

d - =4 ¥ L4
2. mmamaanmwnmguu (Mooney viscometer) E“OSK10162 (TOYOSIEKI) 111

IMNNUAUNYURMNGTTIUASTM D1646 namaufigungil 140°m. 1flsimailng (L) du
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paldidoudiuianiufi usslsimefnyuinnnuniladwimand snusanuniladildan
iiesdaiwiamilu ML(1+4)@140 C

3. na“m'-gaﬂﬁﬂﬁﬁtﬁmmauuuuﬁmnﬂﬂ (Scanning electron microscope, SEM)
{WISM-5800LV (JEOL) Isfnwuasivladvesnnauan Tﬂuﬁnmmnﬁ'mﬁ"maq-‘i';m‘mﬁgn
naroufuaudAnsadaud? mﬁ'mﬁ"m(s:mu)ﬁLﬁﬂmnﬁnummjuhmﬂhﬁu (p-xylene)
w5t Adlilwwisfgunplivaaiiunatiu wzsulduiidonisseugygmead
gaunpinaaiiuamiin "Evm—mgnmuﬁ’annaoﬁaugﬁwm‘%mSEM sunuilitduswin
laSugnihainuBouifioudas

4. Wiaddensiidenuiauuuudiesd (Differential Scanning Calorimeter, DSC)
juDSC7 (Perkin Elmers) l¥wviamauwgé@nssumsiuninuedULDPE  asavmaulutig
gompfisswing -20%a. fa +100%%.  lEdeammislianuiauuszdaninmaviilsiiuriniy
10%a. /i

. m‘*‘:amﬂaaumwu.ﬁmnu-na{m (Hardness Shore A tester) 7;1&3100 (ZWICK) 5
FoAuuSInuanaTgIuASTM D2240  Euaunut 3 aw. neasufigungiives neaseuwn
dunssndmduaie

6. m‘%ammaaumsns:ﬂau ‘iuSRI (Resiliometer Shore instrument & MFG. Co.) 1t.1
NARAUNITNTZABUAT (Resilience, vertical rebound) MUNIAITIMASTM D2632 Fusunul 3
yy. naaauﬁqquﬁﬁ'm shmsns:ﬂaui'ﬂmnama(m'mgo)-uaognc‘;’uﬁnszﬂauﬁum
nagoumuASILFImIELaaE

7. m‘%"nqmaauﬂ'nmﬁumueim‘n'fﬂg (Abrasion resistance) 45131 (TABER)
NARBLUAANNTIN ASTM D3389  Fuaunwd 3 au. Hidushgudnans 115 au. 1dhuda
wef10 (atheaziBua) damsin 1,000 niu 'naaouu%umuﬁnqmauﬁ’vumwﬁ'.l 60 SOU/MT
Talmindeunessuuasiminnirnnmeseulys 0005y dminfinglidusage@aae
FumMusanIng maauﬁqmﬂqﬁﬁm NARBURBINTIUTIME LY

8. ininanasaunmaNTANMTAYER (Tensile testing machine) $1 10008 (LLOYD) 1¥
rerauguaRLEINadIuN1®I0a (Tensile properties) MuNNATTIMASTM D412(die C) 1
NAXDUAMUMUNURBNITAN (Tear resistance) MUVATFIUASTM D624(die C) uazly
nersunaandfiiinadumsisiiandimssudennuiauuazdandian(Aging  resistance)
TINATIUASTM D572  mmmessuvnrienszyhflgamgives Iianailumsnessy
Wiy 500 wuandt Tifimslfextensometer nisiuaImlEnnubneuda (L) winiu 65
3. %«ﬂm-u-'s-mumauwam (grip) Fusmwnun 1 . nnﬂmﬂusﬂﬂomunﬁwuﬁlu
mmpuuuqmumnuﬂmwn'n die cut NAasuS-8TuNUdanilsdaatuFImdaie

9. iiBanamaun MU uMUEemn#aEnw o lWsunuseuusziendion (Aging
resistance) §% gphh-200 (Tabai Geer Oven) NAROUMVNINTTIMASTM D572 nagouf

12



goangl 70%%. 1w 7w Bunugnusaueglugdey Teowyuagmuoludaussaniam @
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lumuuangay  nesaud-siurudanisdotne Waissarummanasiiiunuazgnialy
S, a o .
nesauguauiansfdadaly
- w - . . : .
10. WAIINATBLAILMUIUMIANIE (Flex cracking resistance) jUDe Mattia
Flexing Machine nesaua uuaigu ASTM D813 FuanwaivulasnisTam ludluusinuy
i v ) Y A - :
Tasnsadaldldplhemuunesau  hnimaseudsanunds 300 saumfl wynwnisuia
= (Y] - A e v o
aragiosuanidussoz glavlfuiveesasiag  Sufindwausevfirlvifinsesuanuas

~ o ' ad e . = a
fnwmusyasTanuan nesaumuTunudanilsiainusnasaufigunnlivas mmessuil
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3. NMMITINAFITILLUDIAKINDNTHVNA gﬁ‘i

3.1 nMmaaasii : m'imgmﬁ'mmzau
3.1.1 Jaqlszaed

el S s sss U A(NRLAz LI ATIZA(SBR)  UFanmansndilsuas
amv:mﬁfugﬂﬁmm:au‘iauﬂnd‘mﬁu weiil ptrnamsssriiaunautudndudaals
xﬁmmm'smﬁun:am‘::mﬁugﬂﬁﬁﬁqﬂ uazdnamsiigasaeuadifisiganfordmiu
gHANNNTIA FmuiinuammeassadpsdulasmaisuwulssSnmmanaivied
waznsua uUULAIGTANY AR A BT linantinarsugmani@idnamunsis
fn(tensile properties) IiuawilBLnNMMINE ANY 8Igns

3.1.238mInaaes

19n a1 D3N INRUNR/SBRUSTUIINRUNR/ULDPENT ANT87U50/50 8 NR
WRSENISBR m‘éuuﬁ'wm‘%aauﬂaaagnnﬁamu’a‘ﬁmsﬁa‘i‘rmu'luunﬁz(ﬁ'ﬁ AMIAILULIINDY
thad) usififauandradinies #a 18nnueu 300 nrvau? wasvihmsiamludeuniosse
moluwdoriurufwioumentnadg  SnwstefilFunueninauudssriauaasluag
731 uszl¥dnwideilnsann1sisy gm'?'ﬂ.'&'nﬂaaﬁSgnsv’huaﬂdumﬂaﬁ's.z 'Fl‘:qmugml'ﬁ'
tmlumsismludons maediliRamulininyeiNRuazSBRIYINU® iwszULDPE
mansndam ushadanesle

uti uE nULDPEWMI Y. 1nFpulaunstiugudduied asdadi g ung §140°m.
iaULDPER nIWAud auid uiaan10uin auflaziimIdannudwluft 600 nnsem’
ULDPEgnwasumeldanuduiliivamtondt - swinsilinsaeanudwdueudnn g2urd
Weduldenme  sintudsenliuLopPEegmuldnuduilsislugnsuit - TawTedlana
fouuaziDmbmdaidwnissdnluas1smd unzurindveensnuaiuuy

%unu;ﬂﬁ'muaé’m‘%uuhu’zi die cut uaslivUIALAEFUNIMBINNIIW ASTM D412
(die C) WurMmersugmantBEnRinlenldanailumfaviniy 500 s (a9
axidualuntp2.4-908)

3.1.3 nammaeany

Hamsmauqmau'ﬁ'aﬁaﬁnm‘ﬂlm‘maﬁs.s ﬁauﬁ'i'\gﬂhwﬁuﬁ'umaﬁﬁ
ATMULNANI(gauge length, Lowviniu3suy. udiflsssniniassnnaeuliifiextensometer Hatiu
mydmanflsanurnanuiiuisuy. sldiffalunnananiluegs mﬂzu%nmﬁagmﬁ
ruzmagndsbeluds astiufinaslfusverewiedsusina (grp) iwanumansle
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mimwin  lwanand sldlSouisudssosinlemanlilianu  msdmannidog
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I3 P o = ¥ ol
NRugasaMuiisusaunfigalugasiiuszanuudwusssassmuseulugasnzua:
A d. [ o - - (¥ d ' A [ 5 = AJ )
gsn3 gasfi1liszuzia(elongation at breakpanfiga dugnsi2lwszuziauniige wansi
o > [¥PN ' o o I A .
grsn2lidrquand@sznivgasiiuazgasna  sBRusasnuuisusangama(tensile
a_ d A o L w d o P
strengthjuszizuzBafmauniigalugasnz  uddrlugdansoosuinfigalugasna o1
= = o a A a
HANB3(50/50 NRISBR) usasnnuuisussannfigalugasftuazszoziiafimnauniigalugas
o = P a d ™ |
fi2 19NaNB6(50/50 NR/ULDPE) uansnnawdsussunnigauasszuziafinadasiigaluges
e . Aa_ d - L, o o [
#12 udszuztafigmnansmugaTes ULDPEDfInfifuariu
1] L -} A L F- | ot ] ﬂl L =
A uantddn gildnnmmasssgnidioufivuiudfldnnmsdmaumanngsj
“NHVLINITHAY" (Rule of Mixture) il

P = W1P1 +W2P2
Wa P Aeqmuaut@vassnsnay
P, ApnmuautifvaINRA ldINN1marsy
P, Aanmuan@iueISBRWIaULDPEA I nmsnaay
A e , ¥ - A
w; RedandmveaiminvesNRATiaglusamay
[ %) » b L ] Aﬂ ]
w, AadamausalininuessBRWIsULDPEflatlutnkay

a'mn'mﬂ‘s'umﬁuugmv‘?’aanu's:wi'mmﬁ'lﬂ“'e'mn'ﬁnmaal.m:fi'lﬁ'l,ﬁ'mnm'smmm
wui1 Tesaulwgjudasnildsnmmesesfisngenimisuinduiudifldnnnisduam M
mwuiumﬁqmnmlaammauﬁmawﬁﬂlugmﬁaaaﬁ'lﬁ'mnmsﬂﬂaaaﬁmgani'\mmﬁ'
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NR SBR uazULDPE gn@isiialduinnit 250 w. NRUs:SBRIN15HaY 095 UMILIL
m‘:sﬁ'aummﬂagnﬁwww wazii n1snansu(Recovery)unfidnldidatdanusalun e
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3.1.4 IaTEViRanIIMaansg uaraTUrnaniimaaay
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nan  waduRoufsuivdfidwnldnmas]  gesn2uensunisessiessinny
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voIEmNANTITLDUESuaE TIad) Lwﬂ:dﬁm'\mﬁuamummpwaqqmauﬁ"ﬁagﬂumwﬁ
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Li’Juu§n“‘%mﬁﬂ-ﬂm'ha(fw'n)n‘mlmi‘fai‘aﬁ s‘ﬁqtﬂunamnmsgnuwns:ﬁ'\ MINAN
tniINRUATULDPER Y mansainduvennaudidndwiladioaiuled Taomsfnadoem
lusznihamsuas u.a:si'm'nmﬂuamua'mqmauﬁ'?xﬁi’m'lﬁ

MnnInaaesay e qmﬁme:aumnﬁqﬂlumsm‘%uumwau ULDPE#
snwcdangulnfifvidmalawainends usrmansansuleanueisssuma

17



3.2 NMINARDINAZ : MSIATLNLWSITNTRIMAND
3.2.1 Januismed

FunrzipasssumdmaniielfilluemstanRunnundiuldd  (compatibitizer)
T=WIINRUazULDPE

3.2.2 3iEmMImaaas
Eminliiiuitnsfilésudunsiain Dr. Gan Seng Neon lapiasuainiipng
Ju(DRC60%) whnfiuauluiluFan gt T3Fmsaae a'luil
1.lnhenswindevsanings Ilabhoratu 30% Bunes 65 Sadaas
2@y 10% Vulcastab LW -':’uLfluznmﬂu.ﬂﬁaﬁ'z-nﬁﬂ"l:jﬁﬂ-::q(nonionic surfactant
solution) Y3u1tu 6.5 Jaddas naunauldidnu
3.sopguuamsszatlalansunselsdidutu 0.5 M aunssiusnaudl pH 6 (14
Uszaunm 25 UaRanT)
4 sioy iaulmaonulas 1 nfu laovihmanauasaaiaa
swpamiazaplalanianeidonladt gfiazvea ives 3 istdas
srfmbindwielivssnaudBunaniivue 150 8880 Terhwan il
nisdldnnuiounisuninteinaunseniis gunpiinlilumsnesssliun 30%.
40°%. uaz 50°w.
7 Julevasnsulutas tianes 30 Isddns nna1alue \Hiwasnniain 5 Falug
8. hsufithuanndezanazneudumuesstuti g sldaznawvesensrsuma
MR288NWN
glpasssumdmarmaivulduininslasitaseudn  msfinsasldmeds
1918w udnh leulugougymea
10 sTumaafAldEnimin  ussineunila(intrinsic  viscosity) g
Ubbelohde viscometer 1Ingdutiudiavhazsis  vhmmasssfigungiivesiiena
wartusag (Lifin 1 %whv) Tanaflilunisinsvesmsazanouszdviezanoiiie
Hmszuzmefitwun lmunfiudamsnadioeaaafly rmeiaemamiieasinds

3.23 nanrTmaaes
’ - - P 3 a o - ol
UNITTINTINN 1‘:5 NEMSNAUINVUMNIVEINY  LUBLIRIURE ﬂ‘m“n“ll 'nlﬂun'\’
w P 3 - ol - 2 w -
nese(v ﬂe)tﬁ U m’lﬂ’UUﬂqmﬁqumOQ. 1“[1 9‘111[1[1!3 ﬂ=1,ﬂ ITITUTIAN a'lﬁ

5 wiwmdt - ol - 2 - - -
nunsinfirfielle  mmelnungovgiso®y. luwnamsiluy  sldsurdimend
R ol - e - ol -t - - .

ansnusiniiniufentu:  rurnumdmanfeoyldlmnasseusuussla uddlewn ey
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mmﬁm‘%uu'lﬁﬁmuﬂ'lajmmsnm‘%uu;ﬂuuﬁuﬂﬁ':uIﬂﬂ%ﬁnﬁs%uzﬂﬁ'wmésaaé'ml.a:'[ﬂums
sTMBYBIRNAEANE

fnuniiauedanIazaie (intrinsic viscosity, V) fuamlaain reduced viscosity

Y .
#30 inherent viscosity fli

Relative viscosity (1) = t/t,

Specific viscosity (Nngp) = Nrel - 1

Reduced viscosity(Neq) = Mg/ C

Inherent viscosity (Ninn) = In (Mye) / €

Intrinsic viscosity [n] = (Mede=o =  [n(Me)/cle=0

- a P a o
1o tﬂanm'nmsa:mm_naﬁ'ssummmmlu'[ﬂgau‘lm
- o
to Aaialngdulua
¢ fannuiduTurasmsssmopasssumfimailulngdu

o . o o . . . : .
®¥17719N3.4Ua23.5 UAAINIVNIAINAT  reduced viscosity HBZITNAN  inherent
- . = . ] - L4 : -~
viscosity VZIUWTITNUTIALARIAURIOU  ANIVARaRILL al'm'xmmmm 11&'&1’11}'}1’)1”3“‘511

(] = = n L gt o J u :‘ ; A Nt

mlWaemmuqmmquﬁm'lnmﬁmnu 11&’51{&1\1“5ﬂ'ﬂv1’1 500‘11. Rﬂﬂ']&l']ﬂ'ﬂi!ﬂ BATINIRG
J J’ [P - d L] ) J ot J’

ﬂxﬁlil\'lﬂ'\|V1J“B§'IHSJE‘IN“QNYIWI1UH qnwsgugwuaﬂ's'm'rsmmﬁ'mu

3.2.4 391 ntuammaaas uarasUuamimaaas

nmsfpesTumamal dnsusnivrdadoussfionsusin  (Iudnunciiliig
ﬂs:msﬂuu&mwazmnﬁanszmummauua:m'su.ﬂsgﬂ savIFiludndioufioudedn
'[maqwamaﬁma-ﬂﬁ ﬁﬁlVaﬂammuﬁadﬁuin'[maqae‘ima Famammesaaiulleannd
amanup’ly s ﬁ'mﬁfn'[maqaeimmﬁa'l.':'r’l.':mmm"fmm:ﬁ‘%al-ﬁ’qmﬂgﬁgai‘fu tilesunannog
Wadfitenaliusznmsasnssdinnnusen ANRANEsTaIMINassaIFaIninuer y
Reawsnanaluvasmsnenas mmﬂ'«maumlvﬁ'nﬁaqmsu.l‘éz‘uuuﬂawaaﬁmﬁn'[maqawh
wu leldnnuadyiusidannn
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3.3 MINARDINAS : MIANWIHAYAIEWSTINTIRIMATIRBamANTAN AR
3.3.1 Janlszaed

lﬁ aﬁﬂbﬂﬂﬂ'ﬂ aomaﬁswmﬁmmﬁﬁdan's:wmmm auua:clmauﬁ?\ms?uﬁm 83874
HEUNR/ULDPE

3.3.2 35mInaany
= % J -=l'
1. (93DULINFNB4(70/30 NRIULDPE) us:zNR lapldgasnz (ganman3.2)
2. @enlfrisssumawmaindansaclivaniiull Weazandomsuan fs a9l

wiuluiae 1 fatuaﬁqmﬁgi‘s 30%y. (LNR1) uaz 40°%. (LNR2) wmaussly
lunRus:B4 ToonsulwiiwiisderiuiuNRiFoden udduduasaiiang Sl
#2) vieasuNRALLNRIITuIuioidioanurien usI39nanULDPELS:MsIAfiAg
TavitmaeIouersnenneg (Wa1e2.3)

3. neravuauiEMInIbe (aWile2.4-188)

3.3.3 HAM INAFDI

ifsndnumsmImun I ITTIuT IR D ez wszihiimin
luiansaaasnn  ldfideddalumshluly fe inflsa@amauzauunzaenlinue wis
mﬁmﬁﬂgnn‘ﬁ"waam%mau samulumsnasssdadanlfnsssumndmafidne i
mu'lﬁ'ama:ﬁ'hi;uusa WelWazaIndamsuan fanTsinfen MILNR1uasLNR2AT a1
Tywilunsziunisuay ﬁamﬁmﬁﬂ3nn‘§aua:‘lﬂw"mﬂmﬁaLﬁmﬁ'uﬁuNR sasldiaanln
nswaunaliidudwiadoatuuniuninsy u.a:ﬁ'ﬂﬁni:mun'\wauﬁn'nuzjamnmnﬁu
Nammﬂaauqmauﬁ?:msﬁeﬁﬂuaﬂdumﬂaﬁs.s Lm:'lugﬂﬁ3.1-3ﬂﬁ3.6 arnnuudusaiie
vaiiunaiuanss uvis:u:ﬁﬂﬁqﬂmﬂﬁuuﬂﬁ‘uLﬁui‘fu msiauluBunmddindt 15% 5
uaeang@nssulndidosiuenansuliimsiduLNR (gﬂﬁs.nng_ﬂﬁs.z) Wawdn 15% -
20% \dunminiGudsaunesnltamadiuléda (311?13.3@:311%3.4) UERITIRNNUTILTIAA
a3 LNR1vhdsnansndnnuudusisnsy wazaassmutBaunmiidy (31Jﬁ3.5) LNR2YN1W
tansuudusaiooandofSuas - 20% (;51]"?'{3.6)

3.3.4 Irnlnammasssuaraluammanas

_ malipnssmdmanas  SududssRinsmnfaBuamaeiiildinsess
mdnusssursamdmnimionisli  nstushwindludmessynldlsmsiefisnniu
ﬂ%mnwnwnwla‘fnmwm..uuans-nuhumanunmau:uta g l¥msSuunsufialy
ma«nnmaamﬂrmamumﬂma-uﬂuoompautnhzenmuu flédasmaiuiloselvun
iw  eafu SWlitmidnminvessssssumams lumsfeBuamslsmaad weanani
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qusudienuiuovesTmfiwafaniseas \lesninanoldluanagnanmald
fuss ussuszdpnimellssninmsviuiition  asdudaaimanadluezluving it
fuiuszduaINR Samteunislifianfiazin v fasundumessumamm

nadunsssuamaIn ey lWeensuNRIULDPEW s sin  Raudlasrilvivsiin
Tuntiurieunse uiguauidlossndlenin - DldmoRuamudiwldcompatibiiity)
35w INRUSzULDPE#E% (b19nsuNR/ULDPEIDW compatible blend) wazfavhlvinszuau
MINEUGIININOTR  IINARRERINGTT aj i snauNR/ULDPE Liidiasandin
sTTumdvatisRuanudiiwld wisndmimtonilaléin  presssumdmeadlale
lﬂ“compalibilizedﬁﬁﬂﬂ"ldNR&INRIULDPE ﬁ"N‘il"an'NHal.lNRIHDPE'LI.R:U'NNENNRJ’LLDPE1
ﬁnm:’:ﬁ'm:q‘i'lmammmﬁmmﬁ‘:mﬁummﬁtﬂmi{aLﬁmﬁwuaawaﬁma{uau RN
qmauﬁ'ﬁﬁaﬁmaommauﬁ'ﬁu #5019 09uN9NHDPERA: LLDPES Snsmucifluwanadin
amULDPES A nwmuziilud svalaweiuannin  AlWULDPER A il aufuNRuNNGY
ULDPES a1 i uruNR 1§ @ ndHDPEUS:LLDPE  satunsiduidslifimadumasruma
\WRINTocompatibilizerla 983Ut INFUNR/ULDPE

1
(11 8. Ahmad o al., J. Appl. Polym. Sci, 51 (1984) 1357-1363.
[2] A. Abdullah et al., J. Appl. Polym. Sci, 58 (1995) 1125-1133.
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o S ] 5 ]
MTMIN3.1 ANWILUEUNUETINTULARSTUR

a
Taun

NR (w1%) SBR (wt%) ULDPE (wt%)
B1 70 30 -
B2 60 40 -
B3 50 50 -
B4 70 - 30
B5 60 - 40
B6 50 - 50
mTafa.2 gmnuﬂw*m’nﬁmﬁu
gﬂﬁ‘l ZnO | Stearic acid | PAN CBS S Curing Temperature
(phr) (phr) {(phr) [ (phr) (phr) (°c)
5 1 1 0.8 2 130
5 2 1 0.8 2 140
5 2 1 0.8 2 150

phr = per hundred rubber




ﬂ‘1ﬂ\1ﬁ3.3

AmUaNAnTAsba (Tensile properties) ¥84NR SBR ULDPE DMNAUNR/ISBR

uRzbWHANNR/ULDPEA A3 BNRIngasii1-gasia

Sample Tensile Strength Modulus @ 300%' Elongation at break (%)
(MPa) (MPa) Lo = 35 mm Lo = 65 mm
NR
gasit 2461 +3.47° 1.54 + 0.07 1350 + 145 727 + 72
geo2 | 1818%180 | 094005 | 1750+48 | 942%24 |
(gasfia | - 14924345 | 080013 | 1667 +81 | 898+40 |
SBR
gasf 1.94 + 0.06 0.93 + 0.07 719 + 40 387 + 20
s | auson | omsam | wims | weiio
gasna 236 +0.28 1.15 + 0.08 686 + 84 369 + 42
ULDPE 10.27 + 0.22 2.60 + 0.04 1456 + 19 784 + 10
B3
gasfit 13.29 +2.50 1.44 +0.18 1269 + 197 683 + 90
(gasiiz | 1301+250 | 098+002 | 1520+33 | 82314 |
(gesis | 871+£352 | 1145015 | - 1197 £104 | 645153
B6
| gnsiit 16.60 + 1.70 1.71 £ 0.14 1678 + 23 904 + 12
e[ msan | inien [ waim | e
goafia 1412 +£273 1.66 + 0.12 1638 + 53 882 + 57
i ldnnnsdwan
B3
g 13.28 1.24 1035 557
iz | om0 | o | - w0 | 75
gosis | se4 | 0oe8 | nrr | 634 |
B6
Lo 17.44 2,07 1403 756
O T R T N BT R s
gasis 1280 | 170 | 1eos | 841 |

1 W
1% Lo ity 35 v, lumsdiuam
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o ' .. . o 1 a a o o .
a17IN3.4 fMlntrinsic viscosity (IV) 'ummaﬁ'ﬁumnmmnmmm’lﬂmnm Reduced

viscosity

Reaction 30°¢* 40°C 50°C

time’ (h) test 1 test 2 test 1 test 2 test 1 test 2
1 1.06 1.45 1.50 117 1.57 1.24
2 1.07 1.39 1.10 0.94 1.28 1.18
3 0.94 1.02 0.91 1.07 0.91 0.90
4 0.75 0.88 0.84 0.92 0.66 0.86
5 0.71 0.86 0.71 0.87 0.49 0.64

' wiaw diig

2 =l -
2 a'ﬂ.un'mmuuma HITUTINLWRD

3 - = =
qt\mq Uluﬂ'ﬁlﬂ'i BDUHTITITUDTICINRD

= L . - . . = o > ]
11TIN3.5 fAlntrinsic  viscosity  (IV) Ya3pIssTuTAmaInduInl@IndT  Inherent

viscosity

Reaction 30°¢® 40°c 50°C

time’ (h) test 1 test 2 test 1 test 2 test 1 test 2
1 1.17 1.46 1.60 1.43 1.64 1.53
2 1.11 1.36 1.08 1.12 1.30 1.32
3 1.01 1.06 0.91 1.12 0.92 0.98 |
4 0.82 0.90 0.84 0.91 0.68 0.90
5 0.77 0.87 0.75 0.87 0.52 0.69

! wiian di/g

2 - -
N UM LIS SUT RIS

3 @ = -~
gunniilunseiousssssumanm
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a91973.6 AuauTadda(Tensile properties)yu BINRUAZLNINAUNRIULDPEA S84

FITUTAMAUTzNOY

Material Tensile strength (MPa) Elongation at break (%)
NR 21.00 + 2.31 889 + 33
NR + LNR1 (70:5)' 21.80 + 1.96 885 + 22
NR + LNR1 (70:20) 16.63 + 4.48 954 + 68
NR + ULDPE (70:30) 2272 +1.21 972 + 25
NR + ULDPE + LLNR1 (70:30:5) 18.96 £ 1.17 852 + 20
NR + ULDPE + LNR1 (70:30:10) 20.59 + 1.46 902 £ 10
NR + ULDPE + LNR1 (70:30:15) 17.55 £ 0.76 928 £ 45
NR + ULDPE + LNR1 (70:30:20) 17.10 + 1.04 927 + 29
NR + ULDPE + LNR2 (70:30:5) 18.99 + 1.54 903 + 30
NR + ULDPE + LNR2 {(70:30:10) 18.69 + 0.89 896 + 34
NR + ULDPE + LNR2 (70:30:15) 19.39 £+ 0.58 996 + 50
NR + ULDPE + LNR2 (70:30:20) 18.46 + 1.39 1010 + 33

1 o ' > P
dandmulagdnnn
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Stress (MPa)

30

254

15+

10+

200

NPWLENIAAR-ANEN © (1) DINRUNR/ULDPE (70/30). (2) «W
HEUNR/ULDPE (70/30) TONLNR1 5%; (3) LNWAUNRIULDPE (70/30) #

WWULNR2 5%

400

T

600
Strain (%)

800

1000

1200



Stress (MPa)

30

254
3 1
- \ //
154
2
10- s
5_
c T L 1 L) L)
0 200 400 600 800 1000 1200

Strain (%)

ATINLARIAUAU-ANURSER © (1) BNRFUNR/ULDPE (70/30); (2) 0N

HEUNR/ULDPE (70/30) FAULNRT 10%; (3) UNIRFUNR/ULDPE (70/30) #
ISULNR2 10%
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Stress (MPa)

30

254
3

20- 1 /
2

15-

104

5-

O LJ T T 1

0 200 600 800 1000 1200

ATINLRAIANULAR-AULNITEN

Strain (%)

© (1) MNRUNR/ULDPE (70/30); (2) B19

HEUNR/ULDPE (70/30) FLAULNR1 15%; (3) tnInsuNR/ULDPE (70/30) 71

\FULNR2 15%
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30

25+
1
20+
3 3 2
<
o 15-
o
=
n
10
5-
O‘ T T T T ¥
0 200 400 600 800 1000 1200
Strain (%)
31!?'13.4 NINURAININAR-AINATLG (1) BHRUNR/ULDPE (70/30); (2) o9
HRUNR/ULDPE (70/30) ﬁ‘lﬁuLNR1 20%: (3) NMFUNR/ULDPE (70/30) ﬁ

LALLNR2 20%
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Stress (MPa)

o
31]713.5

30

25+

20+

15+

-

Strain (%)

NOWUFIAIANUAR-AIATER © (1) DWHBUNR/ULDPE  (70/30);
WEUNR/ULDPE (70/30) FLANLNR1 (2) 5%:; (3) 10%: (4) 15%: (5) 20%

30

1 1ak ]



Stress (MPa)

U#3.6

30

254
3 1
s, S,
4
154 2
5

104

5-

c L) L L L] T

0 200 400 600 800 1000 1200

Strain (%)

nuaEAIANUAR-AUATER (1) BIINANNR/ULDPE  (70/30);
NAUNR/ULDPE (70/30) FLGULNR2 (2) 5%:; (3) 10%; (4) 15%; (5) 20%

31
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4. qmauﬁ'ﬁtﬁonaﬂmmmau . msnﬂaaaqﬁm

4.1 Jagszad

Lﬁaﬁnmua:nﬂ‘s’umﬁuurzmauﬁﬁL-‘Eonavia'lﬂi'fs:m'mmanauNR}ULDPEun:ma
WRUNR/SBR : auaud@nsdidia(tensile properties) fudIumudants@nuiaitear
resislance) ﬂ‘l‘\uuﬁd(hardness) maInicaau(resilience) ﬂ':"lm’n"mﬂ'meiﬂn'ﬁﬁ'ma(ﬂex
cracking resistance) ua:m‘mc‘huﬂ'mviﬂn'ﬁ'ﬁ'ﬂg(abrasion resistance)

4.2 35mMIinaaay
4.2.1 N1INTVNAIBEN
P | P -~ “ P P |
UKEN B1 - B6 (am71303.1) Alslumneseunnoiie wisuaugasnzueiunia
J [ a.' J [ - . [ -] - L [ 3 ! =
(MT9N3.2) pnriuBununlineazounnudumudsnmsinsassiiffunadaiaiuiniwin
- | . =t = . - [ f
Wan(2.5 phr) sslddnauiinnuudannnedemmasey YIRTINI0AANAANIVUANEATY
W ool < F-Y ‘J o - o QJ
veunananld AEmseSouenanenthadetuinluuni2 (Wate2.3)  vuesuhadiiulin
- e o a ' -~ - o [ v . - g
qrunpiivemitafiu dewihluisaludaoiniesdalilduindnauiinnuszauy. uszinnm
NAFBUANUSIUIURBNITANLD
F ] a -} :‘1.1 1-; - 1\; ul P -~
ussBuaussminagauuasnIsslonlslunimeseay ldedu-vliudluunnz wr
182.4

422 minavauAmANtANMIHIEA

dnusiuinfinuniu. WugUfuuadmuunasgu ASTM D412 (die C) @aiT die-cut
linareudauedosiovo WanuSalumsia 500 unmnfi neseufigunnivean
AT ASTM D412 naaaudmwaustiudatfeens

4.2.3 MINANIUATBAUNTHADNITRNYVIA
- o o
NARBLAIUNINTEIU ASTM D624 (die C) TUINUNKY 1 VU, NARBUMILLATAILLOYD
b4 F. P -~ : ] [~ N
Wanulunmmesey 500 uu/unf naFeuNguniReIHIuETURE 192 8L79

4.2.4 MIasauaNNuGy

NAXDLUMULINTEIU ASTM D2240 TUNUNUI 3 LY. NRRBUAIBINTDI Zwick (Shore
A) mauﬁqmnqﬁv‘\'a
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4.2.5 MINMATauNIINtNan
NANDLUMUNINTEIH ASTM D2362 (Vertical Rebound) Tuanunud 3 uu. naspud
BUNJUNBY

4.2.6 MINANDLAMAATUNIUABDNITANID

NAROUMUINATTIN ASTM D430 TUIMnw 7 . nﬂaanﬁqmﬂqﬁﬁna $wusdu
LRI Lﬁnm’lﬂgﬂiﬁﬁﬂ‘ﬁ‘ffﬂtﬂaﬁﬁmthr ﬁ'\lﬂ“‘i‘;mmﬁmhajummﬁu‘lﬂua:'lmﬁﬂ
sopuenisndlavhmanassuidunisuin @anndt 200,000 sey)  eaiudeimslddaines
Wndu Ao 2.5phr Tapnidansutasmaniidaiugly vinineasusuaui00,00058u

427 mmaaaumwe‘n‘mmuoimﬂTﬂg

| 4

a o4 a
NAXNBUAVUIATEIU ASTM D3389 Tuanunun 3 . NaOFaUN NI a4

4.3 AN INARDIUATUNINTHHANITNARDY
43.1 ananianiidde

nymuaanIAu-AMIRToA(Stress-strain curves) Y89 NR SBR ULDPE uszting
nay (B1 -B6) uam'lugﬂmj-gﬂﬁig auday uezdnuauinsiidiad gastlueaing
4.1 Eﬂﬁ'antinﬂuamlﬁlﬁuﬁamma;]"umu BUBINRMINAaBI(reproducibility) e
WNYBIHRNSNRBILAN KDY §umaauuc‘m:§uuamqmauﬁmﬁau 9 aauandafiie
Pulaifituddy 4. 10urmImsBoufisuns e indu-AneTsauesTagAuGusy
(NR SBR uaz ULDPE) juanmvly aaNRﬁuam'lugﬂt{ wilsufuNRr 1 Aad palBussfiags
mm‘futﬂagnﬁai‘mmnﬁmwsw:Lﬁmﬂunﬁn(strain-induced crystallization) Iwmzﬁ'[ugé'aﬁu
wsn qﬁ'qoi'\agmn s:u:i'mﬁ'qm'mﬁag'lumm'ﬁﬂnﬁﬁ'ﬂﬂv BINR iflufinswiulaoialihan
1 SBRifumnsffinnuudausatooniiNRuAn 'i:u:ﬁﬂﬁqﬂmmﬂun‘%mﬁwmNR i
voInTURIAUNRIWS 3Tz Baflvin g AURNTRY 83SBRTA 140 glutn awafLn@naly
U TYIULDPEUANFN NI IR BTN ULDPEﬁTuqﬁaL‘%'uusngamn ﬂ"f[ugt?a
uanLDPEﬁﬁ'\gan'hNRﬁ.'ausiL‘*‘iuﬁa'lﬂwﬁ afiszosfn500% ULDPEﬁmmmuﬁqusaﬁqﬂ
M9(tensile strength)fniINRINNWORNAIS Lwiﬁs:u:ﬂﬂﬁqﬂma(elongation at break)lns
\Winanu
3111"'1 411 ua:;sﬂﬁ4.121ﬂuns1vluﬁmm1mﬁu-mmm? gALBINIINAUNR/ISBRURE
NR/ULDPE Tvnuuﬁ'umﬁuuﬁ'ui’wqﬁm‘%'uﬁ'umuﬁ'\ﬁ'u UMY IHRUNR/SBRI
inwosIn® A pINUNR  f qua¥ 319 sBReg luUSaouringAUAUNR  waesineng
quNRISBRuaquﬁnﬁun"mLﬁqmnﬂi\'uuuﬂawm:gnﬁaﬂm-ﬁmﬁmﬁ'uNR fi'\'fugé‘aﬁ
£z BNB00%(Egoon i AMIN s Aunuuylaslaiusiuen 'lwnm:ﬁmmwu%msoﬁqﬂmﬂ flu
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Qé’aﬁs:u:ﬁﬁSOO%(an%) ua:s:u:ﬁﬂﬁqﬂmmamRaﬂmmnﬂmﬂnﬁlﬁmmSBRl.ﬁumn
%u(mﬂaﬁ4.1) U1 INFUNR/ULDPERaRIgU1InTINeB e ni1INRUazULDPE Fafludnwms
sthanilyesenanauiidrduleawiailuwin compatible blend B1INFUNR/ULDPERz1¥N
Tu9A (B - Esoox) m'mu%aun"r"lqmnﬂ ua:s:u:ﬁﬂﬁqﬂmﬂgani'\LmuauNRISBR(l.ﬁ
wWinufsudamamNRALYINY) qmauﬁ'[ﬂus'awaamanauNRIULDPEﬁ':amué'ﬂﬂahuﬁ
lnaiAoInu mqmau:ﬁm'sﬁaﬁmmmauauﬁ'aaamﬁﬂﬁ'lﬁmnmsmnaq(expen'ment) o
fevinnunisuinnindnfildannissuani(caleulation)unnud) (rule of mixture) AT
luunia manijRIULDPEa:uamfhﬁ'lﬁ'mnn'}mﬂnmgan'hfi'\ﬁ"lﬁ'mnmsﬁ'lmm N
ninfldingluenanruNRISBR (MTafi4.1)

31J'ﬁ4.13ua:4.14u.l‘%umﬁumi'm'nuuﬁamaﬁqm'm LLazszu:ﬁﬂﬁqﬂmmaama
HFUNR/SBRUAZY8ILINAUNR/ULDPE Uy ndamm AldnmmassuasmsdiuImu
dy  WuigmuaulEnIResTinuesaEUNRIULDPE  fisnganinsiiduinldlaunls
Rule of Mixture InunuzflsnanauNR/SBR Wirnlnsidsatuannndt uaasiINRuazULDPE#R
finrudniuid otd v uldd (compatibility) 1itassnuansdnumzifsaiuwlnisuan
(positive deviation) Faiu uTadasINEy NRAULDPE (iu compatible blend 1# uenan
i"fnamsmaaaﬁﬁmreproducibilitygwaammauqm'f fsnumiuayulunisiaiiu compatible
blend #IULAIREUNR/SBRUN a:Iﬁ'fi'lqmautlTﬁlnﬁ'Lﬁmﬁ'um"i‘lﬁﬁmm'lﬁ'mn Rule of
Mixture  wazidwfinTudiudin  oInsuNR/ISBRINIW compatible blend  %ananit
fireproducibilityitisuenausinauevasnammaass FeBldiAnialssimsniwlunmanas
AWEmnrunszaminaueaiunm

mnmsuﬁumﬁuuqmamﬁ's:whamanauaaaqgnﬁwuiw BNSHAUNR/ULDPE WA
n'nuuﬁeusaﬁqnmmua:s:u:ﬁﬂﬁqnmﬂgam"\mmauNRlSBRlunné’nﬂihu daurnslugy
ﬁ4.15—31]ﬁ4.18 mnnamsnﬂnaaﬁa;ﬂ'lﬁ'h pnnFusialnifeisu NRasUAUULDPE
mansnininuinldlusansuiiinw sesINRULDPELARIRMauTRILGanamadiunsia
BafinitnswsuNR/SBR  uazsinesdenumansnd lilfnuduidaimsanumituadeuss
AIUNMUENINTUNR/SBR W

4.3.2 AMNAUN AN TRNYIA

fanudunmudems@nue (tear resistance, T,) MUNNITIU ASTM D624 W
durndlaesil
Ts = FMd
o
la
Te = tear resistance, kN/m
F

= force, N
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d = specimen thickness, mm

viude usefivhliEusuaamsdsammuinestunu dfifunenaumIensauazen
fifuanleann Rule of Mixture LLam‘l'ﬂun'maﬁ4.2|.m:3ﬂ°?'14.19 BINFUNR/ULDPEL A
auduMUdEMIRNRgITENINEUNR/SBRINNEAE M 1ilasnULDPE A
FunmudamIfdnnaganitsBRuasffdiniNRiENien  miflldannmnasasiienlndifies
fusnfilénnisdwInean Rule of Mixture @a%in Namsmmaaﬁaﬁ'va&guﬁaiﬁﬂﬁwuuﬁ
41 B1INFNNR/ULDPELTW compatible blend

é’num:ms{'in'u'm-uaﬁﬂqﬁm’%'m‘fuﬁﬂﬂmmnemﬁ'u ﬁ'ouam'lugﬂﬁtl.zo 'lugﬂﬁm
Normalized Load #eussfinszvitmisiinanunwivesiuem  Fanaldindnwoenmw
veesBRifulUauNRudIAIFINIINRIND  ULDPELRFa s umudanmsiinmalnsifizg
AUNR widimshiadadnimin sUvvsInTHuandnNRIN  fia axlinnuudusssie
msﬁnmngamn'lwﬂuﬁaﬁﬂﬁ:'\ fRnsaniuildnvdsyswenwizeuildlunisdnduau
WUTIINRINAIERAIUGINIULDPE  stislsfianudasszinagianeit ULDPELSldAans
l.%au'[uwaﬂmaqa LwiNRﬁmﬂ%au'[uwaa'[maqaé’mﬁaammnnwi’aﬂ']'lui NTNULARY
Normalized Load - Extension 184B1NAHTIREITIAN me'lugﬂﬁ4.21-3ﬂﬁ4.23 NTINLBILN
HAUNR/SBRUJUS1ni auAUNR  §2unT1W 1830 90auNR/ULDPER 313 anan
*WISNRUatULDPE B4(30%ULDPE) lﬁfi'm'nm'fmmmiamsﬁnmmgan"hNRua:ﬁﬁuﬁ
ldnsmannnin "fnﬂauanﬁamsqwn%uwé’anuﬁaumsﬁnmﬂ‘lﬁmnnh wanan@i 1ila
Wisufsuonesunnoiauss WUIBINAUB4IINNUMUINREaMsEnIe  dunussaf
an (31]?"\4.23) Gt IINNIMINARBIT aguUlan enanRuTHalNUA(NRULDPE) IWfany
AUNMUABNM ANV INFINTILINIUNRISBR

4.3.4 anandle

dmmmeseudasinnuuds 2 odr  afifl (Test #1) vhaolududsatundran
Tamluduazlsaolwidu 3 $alue aifi2 (Test #2) Jadurwdsaduly 2 Flevideun wa
minemeuuaadlumTeies manuudaniudwintondefslfidwasumn BSHANTIN
wiadnnuudannnieessend lemawizeanauNRIULDPEs:innaudafistiuinn
uazufaannniInauNRISBR anuudaisiiumuBunawesULDPE  denundafiiiauin
vswenfiamsanasussnnubentu (fexibiity) wasduinsiumaiutuvaslugda s
ulsvassasTsumadiedoulai %uu:‘hgmﬁlﬂumsm‘-‘mumaﬂ%"oﬁ(gmﬁzlumﬂaﬁs.z)
algaiafiieny ﬂ'ﬂﬁmw‘fmﬂuwaamuT'ﬁTmaqaLﬁﬂﬁfu‘laimnﬁ'n furnnuuds
VeIULDPERUFnne Idluaafi.1 ﬁﬁ'\gan'i"lﬁ‘\m'muﬁmeRtﬁauwﬁuﬁ'\s‘h Fakn s
mmaaasd aduwldesfiaanuiely fe gINFUNR/ULDPERz i AMuud aganianny
HIUINRISBR sinnandsfiinldnmamessafisnlndifosfiuifidwanmann s
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4.3.5 MINItABY

n"m'nn's:ﬂaugnm\aauamn%"w&utﬁmrTum-s’fﬂmwuiq NEMINARDULANI 1N
MTA4.4 Tuinsusudipessumauanssinszaenléduin  nmInaseswydt
MINTIABRYEILNITTSUTA LR AT TamIaRInss Tanuuandralinias Aimsnszaeu
YINISTIUTSRRR AT NTaul el MINGUAUSBRURZULDPE  ULDPE#INA#BNIINIZNBY
YINRUINNITNRUBISBR BSLI.Rﬂdﬁ'\ﬂ'\'in'i:ﬂﬂuﬁ.‘TE!ﬂ nsi@uULDPERINYUATanila
20INRYNIWAININIz Ao URARIADIB%IINATBINRIYIAR  nenalddsmsnszaanuessns
nrurielmiderdieslininin dfsalalndifoaduonsnsuNRISBR - @anuULDPE lifins
stnafukpdfgdonisnszaauteiNR  uazmusaldunuennsuNR/SBR 16 lnnldsms
nszeeulutldulndifneiu

4.3.6 ANAUNMRABDNITHNID

HAMINARBIUANIINANTIIN4 5 f28073gNMaseu{i9100,000 J8u pIHRUADSBERI)
waliulirrnudunmudenisiniegenitensfinsudsULDPE  tnaman B1 B2 B3 us:
B5 "l:.iﬂﬂng'sauu.nn'lﬁ'n.ﬁulu%umaam;n-?;u saupnauBafisenuanuninglunilediu
nereuidanerorlifiess000soy  sudunnseudnaesiulivsingsesuanii100,000seu
manauBBuamﬁ'\nﬂm‘humuehﬁqﬂ Funarousmuiulnngsosuanliiuildmam
saudsil 65,000 79,000 uaz 100,000 stinalsfina Aoy audidupeasumlidume
Wi eslimadfudsgasmsad] WetRunuudauszmsdinnuuiauinnit 50(Shore A)
Fadiunsudmiunmeseuile IS Tawe Stnuniuudafionn)  daezvililsiieiu
ManaasuRuaduasifunLand ldsnan Lﬁaamnm‘%aoﬁaﬁlﬁ:mqmﬂ'ﬁnumumn
msnadmansauiA 100,000 seu w:lFiam 5 $lus  uazmsmeseuusszafilinislfiam
1fin 5 Flus InmziniaanareuesiouuIn wena i A mIuseuTWAN umdGuvin
T0UUAN ﬁi‘mmaLﬁnmnua:ﬁaaﬁmgﬁ’wu'iwu:nu ptialsfinn wanImaepsTuuzi1 ng
NAUNR/ULDPE  Sun) IRuuanfnnnusiuniuaomsinaadniusnguNRISBR  6an s
noapaf 8RN Induihindsznanale  innaieRusondiniwarssmsiiontsienlusag
mulgluanafiiniulusisNRuazsBR ualaidsinglMULOPE uszfnuufisvasULDPER
FINFUENINIRD I L!‘Jumtm‘mﬁaﬁﬁ'\'lﬁ'ﬂ'nuﬁmijuaw'nNauNRIULDPEﬁnun‘iwm
ERHAUNR/ISBRINN  Ausuniudemswniediil iflutaseovesmonsuriielnifiedoy

L 4 [ o [ [ F ] - [ . - =
% 'ﬁ‘uﬂum:waaﬂmﬂgogmasawmmmaNauNRIULDPE'T{ IWiinnuduniudeniswnies
&

T}1e
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4.3.6 ANNAUWMUEBNTIAY
e L '] [l B & d ﬂd (-]
NIMImesesiannuiumMudemsiagRasinieTaberyssnisssumafinioulay
[") J J 1 4:' - L 4 - ﬁv A o L
'l-ngmnz'lumﬂma.z wuir gnefiainly ﬁ'ﬂv\mamanmmaﬂm'ﬁwg'h.l'lﬂ 1,000 S8V
' ' - - P ™ - [ - | wed
Limunsarmnessuds lUld  danu nfludasiimanlivljsgastslwiialdlinnauds
II. : [] » L ] ol [] o ] r
dunniuuazimnsrNdam AU unudemsing - fenaudunudanmsiagues
d a [ . P
punsufiaioylapgasyiuselng usseoluunis

44 ajﬂuam'maam

1. ULDPEmInsaRauiiuNR Iddluyndasdm sunsadaiilu compatible blend
e Lﬁaﬁmsm'mnqmauﬁ?maammau ﬁlﬁqmmﬁﬁﬂuﬁ%awﬁauniﬂNR uaz
dfaldnnmmesessfidlndidpaiusmdisunldnnnasg

2. mmauNRlULDPEu.amqmauﬁﬁmsﬁaﬂnﬁﬁlnLﬁueﬁ'uNR usz@niten
nEUNR/SBRIuNEATIEIN

3. BINAUNRIULDPELIR i 1A ud 1un 1w amiﬁmrmgan'iwunauNRlSBR
B4(30%ULDPE)'lﬁ'fi'meﬂ"‘mn'mviamiﬁnmﬂgaﬁqﬂua:gani'\NR

4. PNHEUNR/ULDPELTINDNIHauNRISBR uastnsnaunamesriaudaniiNR

5. fMnNINszRanYeILINFNNIRRITRedAlnd R naiy uazilfngIniINR - firms
nizaousnadiioSuNuNRanss

8. BNINFUNR/ULDPESuua liuuaninnusumudenisiniadinintInauNRISBR

7. gmmaﬂauﬂnﬁ'ﬁlﬁ"{(gmﬁz'lwn%) Tiwansausiemsnagsunnudumuda
maing
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ﬂ"ﬁ"lx‘lﬁ4.1

Qmamﬁmsﬁaﬁﬂﬂensile propertiesyy83NR SBR ULDPE tNINRUNR/SBR
(B81-B3) uazNNIUNR/ULDPE(B4-B6) (maﬂauﬂnﬁm‘%uu'[ﬂul-ﬁgmﬁz'lu

uni3)
Sample E300% Esooy, Tensile Strength Elongation at
(MPa) (MPa) (MPa) break (%)
NR 2.06 0.07- 7.45 + 0.27 21.00 £ 2.31 889 + 33
SBR 1.30 £ 0.10 1.88 + 0.33 2.47 + 0.57 510 + 96
ULDPE 3.51 +0.04 6.59 + 0.08 10.27 + 0.21 784 + 10
B1 2.58 +0.15 8.31 £0.71 18.91 + 2.58 795 + 26
B2 243 +0.08 7.47 +0.32 14.58 + 4.07 750 + 83
B3 231 £0.07 6.92 + 0.26 13.62 + 4.66 740 + 107
B4 249 + 0.08 7.23 + 0.31 2272 +1.21 872 + 25
B5 2.62 £ 0.03 7.22 +0.29 23.12 +1.01 933 + 28
B6 282 +£0.08 7.24 +0.25 20.45 + 0.57 920 + 20
Afldnmsduao
B1 1.83 5.78 15.44 775
B2 1.76 5.22 13.59 737
B3 1.68 4.67 11.74 670
B4 250 7.19 17.78 858
B5 2.64 7.1 16.71 847
B6 2.79 7.02 15.64 837
WY 1% L 1vinny 65 .

. d -
ANLBIVUUNN T3 U(standard deviation)
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mﬂaﬁ4.2

m‘neﬁ4.3

shm'mﬁ"mmuviam-sé‘inmﬂ(Tear resislanceyuad NR SBR ULDPE B3
NAUNR/SBR(B1-B3) UazbnINaUNR/ULDPE(B4-B6) (p1amenthasiaseulan

l¥gasfizluuniia)
Sample Tear Resistance (kN/m)
Experiment Calculation
NR 291 +1.2 -
SBR 77 £ 06 -
ULDPE 27.0+08 -
B1 259+1.4 227
B2 207 £1.0 20.6
B3 211 +£1.2 18.4
B4 320+28 28.5
BS 26313 28.3
B6 264 £ 04 281

A1nuud I(Hardness)padNR  B1INRUNR/ISBR(B1-B3) WAz
NRUNR/ULDPE(B4-B6) (:mﬂauﬂwﬁm‘%uﬂﬂul-ﬁgmﬁz'luuwﬁs)
Sample Hardness {(Shore A)
Test #1 Test #2 Average Calculation
NR 38.88 £ 0.29 38.98 + 0.31 39 - N
B1 41.74 £ 043 4224 + 0.30 42 -
B2 4146 + 0.35 4218 £+ 0.35 42 -
B3 42,66 + 0.74 4298 +£ 0.23 43 -
B4 48.48 + 0.30 50.00 + 0.21 49 50
B5 51.60 + 0.32 52.76 + 0.21 52 53
B6 54.58 + 0.49 56.62 + 0.31 56 57

(MNUUTIV8IULDPELYINNY 75)
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a4

ﬂ'lﬂd#l4.5

fianisnizaou(Resilience)VsINR  BIINAFUNR/SBR(B1-B3) uaspid
HaNNR/ULDPE(B4-B6) (mmauﬂnﬁm‘%uﬂﬂu'ligmﬁz'luunﬁa)
Sample Resilience (%)
Test #1 Test #2

NR 65.88 + 0.36 66.74 + 0.18
B1 63.84 + 0.57 66.14 + 0.24
B2 63.30 £ 0.29 65.16 + 0.27
B3 62.14 £ 0.38 64.12 + 0.51
B4 63.96 + 0.48 64.84 + 0.38
BS 61.54 + 0.61 62.62 + 0.40
B6 60.86 + 0.56 61.78 + 0.44

A1N2U6 TUNTIUGE BNITA NIa(Flex

cracking

unfi3 uiRuBunasmefiflu 2.5 phr)

resistance)unagnl
NRUNR/SBR(B1-B3) uastINIUNR/ULDPE(B4-B6) (m‘s‘uu'[au‘ligmﬁz'lu

Sample No. of cycles Resuits
B1 100,000 Lidusepuan
B2 100,000 hidusesuen
B3 100,000 LiiAusesuan
B4 85,000 LAUTDLUAN
BS 100,000 luiAusesuan
B6 65,000 AT
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Stress (MPa)
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fla.4

Stress (MPa)
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Stress (MPa)
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fla.7

Stress (MPa)
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Tensile strength (MPa)
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Elongation at break (%)
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Stress (MPa)
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Tear resistance (kN/mm)
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Normalized Load (N)
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Normalized Load (N)
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Normalized Load (N)
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5. qmauﬁ'ﬁtﬁanaﬂmmauau : NMINARBIBAN2

FINHRNINATEUATINA TUNIUG an'\'s'ﬁ'ﬂgua:ﬂ'nm'fmwmeiamsﬁ'maluunﬁma%
1) gmnauﬂnﬁﬁﬁ(gmﬁﬂumnaﬁs.z)ﬁﬂﬁ’ma'ﬁuLﬁu.'lﬂ sain Seenudniuluns
dTulyegas Lﬁaa:"lﬁ'uﬁumﬁuuﬂ'rmﬁ‘mwmeiam's'z‘fﬂgs:whar.muauNRlULDPEua:ma
NauUNRISBR 1l Ela'anm‘mﬁ‘-i'ui{aj4Lﬁ'un'ﬁl'ﬁ'zjmi'am'lwfuums's-sum(conventional
vulcanization) JafimuamsisUiinmuesdaesiaifu 2.5 phr uszifenlsgasildiumly
Ingaemnssues gmﬂ%’uﬂylmﬁfﬁﬂﬁmmmmaaun-nm'{'mn'mdan'ﬁ{fﬂg'lﬁ' ud
Al e InFUNRISBREIGINGT 50 (shore A)  astrlimanzaudamsilunesey
AUAIUNIUG aN1TR NI uszanzd Tuanadagasuiudydlna dalegulwuns
HauNRIULDPEﬁﬂﬂmT'mmueianwﬁ'magan'hgmt.ﬁuﬁ'lf fissnndane M IWNRug
ussturinds  uillgwiduuloPEG T dudly  axi mwmesesgeii2iFtldnaseuany
MUNIUABNTIANIG  UANTITADUS mautRiEanasug ldun auaudanIaie anudu
musismsifenanmn aauuds uszmanszeeu Aanunitayuitldsumsesiesandas

mmﬂaaauqmmﬁ?u%enamaauuua:u*nmauﬁm‘%uu'[ﬂugmﬂ%’uﬂ?u{ vluiie
OTamsu.ﬂ'-'sumﬁuuﬁuuanﬁmaaeﬁlﬁgmtﬁu (gmz'lumﬂaﬁn finmnansznufionadia
i'fuﬁnqmam]’ﬁmshif Lﬁmmnﬁmtﬁu'lﬁtdamaﬁuLﬁu'lﬂﬁa:nﬂaaumwe‘hummiamﬁ:‘a
Qe

5.1 TanUszaed
1. ansounsvaIMIWEsuKanBunmdaesua=CBs ﬁﬁdaqmamﬁﬁonaﬁm
mifsia anudumudanising auuda waznsnazaeu
2. nnaanqmauﬁnﬂuﬁ'mmmiamsn."aauammﬁ'lﬁ'%’umwi"auum:ﬁnimu
3. arnssuaMunilayuilvenIuezLIHEN

5.2 iimIinaaay

gasildlumuevuraneutaduesunil Iideihgesivlgp mmsfsusmenn
unnshasewigasiizilfluunfldussgassivngafilsluuntl  sawddmawen nssuouns
winuSunuiinaniawduyniszns



521 MIMANDUAMNNTAIBINAGA ¢

pIURT DN INAUT L0S puINg asyTulIgnaseseun maNTad a1 g leun
Qmamﬁmsﬁaﬁﬂ AMUUTY  NITNITNBU URZAIUKIUNIUG pn1stag luviuendisanuiy
mnaseuluuniia

5.2.2 MINAFUATINGIWNIRABM I/ anann
nmanaFauidniiuanuaigw ASTM D572 iflumsifiouifvuguauiadwmsas
o a [ | v e ] -
Bavasturudisgnilfifionamw  Auquani@nsumufasamw  maFauamwihley

msaulug puf G nmqi‘lmo‘n. dmmyudouresermeameolugaunasaailamstiipm
pymennmunenidrgmulugoy  Yhntseuduszpzian7iu 3Ensttasrnlwinanulesy
fandanussaufouluszoziafiinwue  danamsnesssmunsolfdudatuuzluns
wWisufnuenudunudelalowld  Fusugnietomfugidmuasmunasau  ASTM
D412 (die C) udnhllauauaniizasnsm mmfuﬂvﬁamnmauq muaudadunNIsda
uRMFoufBUA LA MANTE msasdavastuudildvinmanaasy  roudluvmandan
anw

manamsuntiniuzeds afusninmafuasuaudsenduauwi(PAN) waznTsfianslsi
fimafumaait  sueudsenduauriacdinloanudsmadonsmn GatuNaNINA8Ds
e liifuauuandnsluns@fiimsdumsoiadl

e

L= - [ » A T J
msuFuun puUnMFUIATIBMT U afiouanmsidapundasy BINUFUUFNIN

%P = [(A - BY B] X 100

%P = wafisudmaldonu I MLENLTA
A = qmauﬁué‘amumnﬁauamw

B = AaNURAn DUFIUMITNaNANN

Y . ' - - & o ' -
m %P ﬁmsﬂumnuam'nqmauﬁ?mummumamumsmauamw
. ' — o . "
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ol < | P
aTHN5.1 Winuifivugesasudnlslumsnasesgafitluuniauszgasnauiiéi

Wlumsnesessgedapiugasyiuly)

CRRIGEY uaasndfld (phr)
gannii (aasi2) gasilsulss
U U U 9
ZnO 5.0 50
Stearic acid 20 2.0
PAN 1.0 1.0
CBS 0.8 1.2
sulfer 2.0 25

m-mﬁs.z qmamﬁlmiﬁdﬁﬂﬂensile propertiesyy8dNR SBR ©ENINRUNR/SBR(B1-B83)
URzENINRINR/ULDPE(B4-B6) (trsnanthisiaiunlesldgasiiuyya)
Sample Eapov. (MPa) Egoos (MPa) oy (MPa) €y (%)
NR 2.85 + 0.05 11.70 + 0.56 21.87 + 3.32 725 + 31
SBR 225 + 0.18 - 238 +0.25 306 + 47
B1 2.66 + 0.03 9.92 + 0.57 16.53 + 2.49 702 + 33
B2 2.92 + 0.05 11.29 + 0.27 1353 + 5.28 617 +90 |
B3 2.88 + 0.05 11.38 + 0.67 10.16 £ 3.81 562 +83 |
B4 3.12 + 0.04 9.99 + 0.43 2451 + 1.02 842 + 12
B5 3.25 + 0.09 9.62 + 0.44 22.26 + 0.99 813+ 52 |
B6 3.35 + 0.06 9.34 + 0.89 20.88 + 3.62 859 + 21 :
WUNBLAG 1% Lo Wi 65 W,

= . L A =
-ple 0,
Ea00% FIOATNAT m:s-u-uﬂsoo %
Egooy, FOANLNARANIZHZIN600%
* P
op feaNuuisINee
a o
£, AoTzuziianynue

) standard deviation
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P = A oS A ' 3
AMTNNS.3 Hanmslssui vuf) wauunMIea(Tensile properties)izWIIgasIN( gas
o -
12, Oldjuazgasysuysi(New) ¥8INR SBR BINSUNR/SBR(B1-B3) uaztng

NaUNR/ULDPE(B4-B6)
Sample Esoox (MP2) Esoox, (MPa) o, (MPa) € (%)

Old New old New oid New Old | New

NR 2.06 2.85 745 | 1170 | 21.00 | 2187 | 889 | 725
SBR 1.30 2.25 1.88 - 2.47 2.38 510 | 306
B1 2.58 2.66 8.31 892 | 1891 | 1653 | 795 | 702
B2 2.43 2.92 747 | 1129 | 1458 | 1353 | 750 | 617
B3 2.31 2.88 692 | 1138 | 1362 | 1016 | 740 | 562
B4 2.49 3.12 7.23 999 | 2272 | 2451 972 | 842
BS 2.62 3.25 7.22 962 | 2312 | 2226 | 933 | 813
B6 2.82 3.35 7.24 934 | 2045 | 2088 | 920 | 859

Eaoos ﬁafi'f[ugﬁ'aﬁs:u:ﬁﬂsoo%
Esoo% ﬁaci*f[ugé‘aﬁ-i:u:ﬁﬂeoo'%
Ob ﬁammuﬁquﬁqﬁqﬂmﬂ

€ ﬁas:u:ﬁﬂﬁqﬂmﬁ

Mﬂdﬁ5.4 n"m'nuuﬁd(Hardness)l.l.a:ﬂ"m’lsn'i:ﬂau(Resilience)'uENNR SBR #&M
HAUNR/SBR(B1-B3) urztINFUNR/ULDPE(B4-B6) ﬁm‘%uumngmﬂ%‘uﬂ;a

Sample Hardness (Shore A) Resilience (%)
Experiment Calculation Experiment Caiculation
NR 44.42 + 0.54 - 72.82+0.24 -
SBR 47.46 + 0.25 - 59.40 + 0.38 -
B1 4598 + 0.35 45 69.50 + 0.31 71
B2 46.56 + 0.31 45 67.98 £ 0.30 67
B3 46.78 + 0.19 46 66.66 + 0.27 66
B4 51.70 + 0.33 53 67.76 £ 0.21 -
B5 53.56 + 0.50 56 66.10 £ 0.20 -
B6 56.58 + 0.19 60 64.72 + 0.41 -

nanping An13udiyesULDPELNY 75(NeTIT.1)
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A ] ] = ]
mTINs5s  wansulSuwfisudinnuudia(Hardness)uaznnansznen(Resilience)szning

' = -
gasin(gnsn2, Oldus:gaidsuilg(New) va8INR oWHFRUNR/SBR(B1-B3)
WaTNINFUNR/ULDPE(B4-B6)

Sample Hardness (Shore A) Resilience (%)
Oid New Old New
NR 39 44 66 73
B1 42 46 65 70
B2 42 47 64 68
B3 43 47 64 67
B4 49 52 64 68
B5 52 54 62 66
B6 56 57 61 65

MTIN5.6 Fi'm“a‘la.w'f‘mvnuo’ian'li'ﬁ'ﬂg(Abrasion resistance) WBINR SBR #13
NAUNR/SBR(B1-B3) uast INauNR/ULDPE(B4-86) (tnsnendndiainulen

18gnsusuny)
Sample Weight loss (gm) per 3,000 cycles
NR 0.0250
SBR 0.1213
B1 0.0239
B2 0.0251
B3 0.0254
B4 1.3365
B5 1.8342
B6 1.9432
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"TINST

’ [ P
AMFVUANTIDAUBINOULRNAIMITIUIMW (Aging resistance) 18INR

SBR t1INSUNR/SBR(B1-B3) WAzt MINANNR/ULDPE(B4-B6) (019neutaé
wisulapldgasysul)

Sample E3pon (MPa) Esooy, (MPa) oy, (MPa) € (%)
Unaged | Aged | Unaged [ Aged | Unaged | Aged | Unaged | Aged
NR 2.85 3.28 11.70 15.18 21.87 23.15 724 691
+ + + + + + + +
0.05 0.13 0.56 1.40 3.32 1.17 31 21
SBR 225 x X X 2.38 2.64 306 224
+ + + + +
0.180 0.25 0.47 47 39
B1 2.66 3.77 9.92 0 16.53 13.93 702 534
+ + + @ + + + +
0.03 0.09 0.57 2.49 424 33 66
B2 2.92 3.64 11.29 0 13.53 12.31 617 523
+ + + @ + + + +
0.05 0.08 0.27® 5.28 403 90 58
B3 2.88 3.90 11.38 X 10 16 7.45 562 405
+ + + + + + +
0.05 0.12 0.67® 3.81 3.42 84 90
B4 3.12 3.51 9.99 12.58 24.81 20.25 842 718
+ + + + + + + +
0.04 0.06 0.43 0.58 1.02 1.64 12 26
BS 3.25 3.62 9.62 12.43 20.88 20.50 813 742
+ + + + + + + +
0.09 0.06 0.44 0.55 3.62 0.71 52 10
B6 3.35 3.58 9.34 11.02 22.26 19.20 859 770
+ + + + + + + 4
0.06 0.04 0.89 0.06 0.89 1.01 21 34

X Tusstevanandeduniai
@ TnTunarauInue 7 5% HiRos 4 Tufiuanedil
@ nnfunaraunanue 6 Tu Hifins 1 Tuuanand
@ TnTunaaauyiinue 8 Tu Hifins 5 Fufuaaedril
@ nFunasauvianuen 8 Tu HiRps 1 Fuiuansdil
® MnTuneseuranue 7 54 Hifiss 3 Fuduaaseil
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qmamﬁm'sﬁoﬁﬂﬁauuamé’amﬂ?mnamw(Aging resistance) 18INR SBR
UIIHFUNR/SBR(B1-B3) LartINIUNR/ULDPE(B4-B6) (pndnaaihidiaduy
Tnolfgasniudye udlildnsuanddanduau)

FTINS.8

Sample E3o0%. (MPa) Eso0s (MPa) op (MPa) € (%)

Unaged | Aged Unaged | Aged | Unaged | Aged | Unaged | Aged

NR 2.80 3.28 11.30 14.73 23.00 21.76 748 681
+ + + + + + + +

0.06 0.04 0.50 0.46 1.80 0.88 13 10

SBR 0 x X X 2.49 2.31 275 195
D + + + +

0.27 0.06 32 3

B1 3.05 3.65 12.27 0 20.27 11.70 696 488
+ + + @ + + t +

0.07 0.09 0.29 1.57 7.49 18 143

B2 3.09 3.86 12.58 X 16.93 8.13 656 427
+ + + + + + £

0.05 0.05 0.17 1.84 420 20 98

B3 3.24 0 X X 7.40 3.84 | 474 277
+ @ + + + +

0.07 1.88 1.87 67 100

B4 3.05 3.36 9.64 11.59 21.95 19.00 - 815 721
+ + + + + + 1t +

0.03 0.04 0.24 0.63 1.37 1.35 ' 20 18 |

BS 3.13 3.58 9.53 1135 | 2240 | 2087 | 841 769
+ + + + + + + +

0.02 0.07 0.48 0.48 0.39 0.68 18 10

B6 3.02 3.59 8.59 10.51 19.38 | 20.81 854 804
+ + + + + + + +

0.03 0.05 0.27 0.38 0.83 1.88 12 3

a e f ' A o
X TUAIDL YNNI ILAUIU
~ & - P a o ,

@ MMNTUNATILUNINUG 4 TU i‘lLWUJ 1 TUNILIRIATU
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mTIN5.9

V8INR SBR UIHNFUNR/SBR({B1-B3) WRTUNINARUNR/ULDPE(B4-B6)
nauUnsiesvulasldganliuly)

. a — - -~ r
AN TR ouulanuand@n1sf el anaan1sReuRNIN(Aging  resistance)

(L1

Sample % Change in Properties after aging
E300% Esoon Op Ep
NR 15.09 29.74 5.85 -4 69
SBR -100 - 10.92 -26.85
B1 4173 -100 -15.73 -23.95
B2 2466 -100 -9.02 -15.23
B3 35.42 -100 -26.67 -28.00
B4 12.50 2593 -18.38 -14.76
BS 11.38 29.21 -1.82 -8.69
B6 6.87 17.99 -13.75 -10.38

Escon ﬁach'[ugé'aﬁ't:u:ﬁnsoo%
Eeoon ﬁndﬂugﬁ'aﬁs:u:ﬁamu%

- - of

(78 ﬂﬂﬂ?'\ﬂlﬂl\ﬂl’dﬂ?ﬂmﬁ
- -

&, ﬂ‘l:u:un'n‘qml‘m

MTIA5.10 fi"nm-sm‘ﬁuuuﬂawaaqmauﬁamsﬁaﬁmﬁ'amn?muam'W(Aging resistance)
V8INR SBR UWHEUNR/SBR(B1-B3) uscuNNFUNR/ULDPE(B4-B6) (013
nauimfiesealaolsganliulg ualaildmsuoudsenguan)

Sample % Change in Properties after aging
Eaoo% Esoon O €y
NR 17.14 30.35 -5.39 -8.90
SBR - - -7.23 -28.96 o
B1 19.67 -100 -42.28 -29.79 B
B2 24.92 -100 -51.98 -34 95
B3 -100 - -45.52 -41.59
B4 10.16 20.23 -13.44 -11.46
BS 14.38 19.10 -6.83 -8.64
B6 18.87 22.35 7.38 -5.92
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MTA511  AnnuniiayuiluadNR SBR  ULDPE  tWWSUNRISBR(B1-B3) Waztna
HeUNR/ULDPE(B4-B6) (Lifiansiniiiiusiunan)

Mooney Viscosity (ML(1+4)at 100°C
Sample Experiment Calculation
Test #1 Test #2 Average
NR 7.7 72.2 72 -
SBR 49.5 490 49 -
ULDPE 49.8 49.2 50 -
B1 56.6 55.5 56 65
B2 541 54.6 54 63
B3 53.0 53.7 53 61
B4 51.2 509 51 65
B5 50.6 51.2 51 63
B6 51.0 51.1 51 61
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30

254
NR

20..
o
o
<
- 154
[2]
g
73

104 ULDPE

5-

SBR
o L] 1 L] L] L] L ¥ 1] T
0 100 200 300 400 500 600 700 800 200 1000
Strain (%)
A - Y o
$UN5.1 NS UL UULANINNUAR-ATINSUN(Stress-strain curvesyBadNR SBR

URzULDPE nesaufudas i3 500 uu./ma
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LY

]

30

Stress (MPa)

0 100 200 300 400 500 600 700 800

900 1000
Strain {%)

NS U BULRRIA VA U-AUATUA(Stress-strain  curves)uBILNY
NAUB1-B6 NARBUAILANTITI 500 V.M
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[::i experiment [:l calculation

5
4 -
)
s | a8 =,
= af = [
o SNC3 I'I' ) — N L
Q } | b—
[y ] { ’{1
L} b
S 2r
3|
°
o o
- b
1r 4
0 . - ’ o
NR SBR PE B1 B2 B3 B4 B5 B6
31]#5.3 nﬂvluammsuﬁumﬁuuciﬂugé’aﬁ‘:&OO%(Modulus at 300%) #ldanns

NAABY (experiment) uazAldInmIduin (caiculation) 18dNR SBR ULDPE
U INAFUNR/SBR (B1-83) uatuINNUNR/ULDPE(B4-B6)
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Modulus at 600% (MPa)

experiment calculation

18

12 |

N

DN

SN

A

L} T i L] L§

T

NR SBR PE  Bf 3 B4 5 B6
n'rmluman‘nuﬁumﬁuuﬁﬂug5&?’1600%(Modulus at 600%) #lwanmas
naaed (experiment) uazfl#enmsdwan (calculation) u8INR SBR ULDPE

BMHFWNR/SBR (B1-B3) uastnanauNR/ULDPE(B4-B6)
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Tensile Strength (MPa)

experiment calculation

30 [
25 [ e
L )
I Z
20 - 7
L 4;_
L s 7]
15 F )
wZ ] Zh
1 0
y 0
5 - / /':Z'
Z I A
Nl N7 A
NR  SBR 2 B3 B4

ﬂﬂﬂllﬂﬂdﬂ’l‘illﬁﬂﬂl.ﬁﬂﬂﬂ"lLﬁdadﬁ?‘ﬂ'u"m(Tensile strength) #ldnms
NARAY (experiment) ua:ﬁ'lﬁ'mnmsmmm (calculation) 184NR SBR ULDPE
ENINFUNR/SBR (B1-B3) UasuINgUNR/ULDPE(B4-B6)
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Elongation at Break (%)

experiment calcuifation

1000 [
200 F
800 F = _IJ
o by -
- - . /(Z/
700 % Ao ga
F - 7
600 F | -1 FF A
E b . ot I o
500 F |~ '.- /T ER7E
1 2 ZENZ N
400 F V/A 3 Bl Z s
E 22 A E Za
S 3 o ]
— Lo 4 A e
300 C ‘..//_4 % -'_:j C/,‘f//fr:::.
13 B o
ol %% o5 78
- . A o 222 BN
100 F f21 ¢z 2 i i
ok 7 o 2, 2 s

NR SBR PE  B1 B2 B3 B4 B5 B6
nﬂﬂuammsuﬁ“umﬁm.ri:u:ﬁﬂﬁqﬂmm(Elongation at break) #léanms
Nanod (experiment) ussfildanmsiuam (calculation) 18INR SBR ULDPE
BIHFUNR/SBR (B1-B3) U NHAUNR/ULDPE(B4-B6)
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1

100
=
Q
[ = ]
(o ]
@ 0
5
O
[=)
=
£
[+ ]
e
S .100
=
O
2
-200
5.7

PAN no PAN

o> ety
i
i i
!
o]
R ] - e
NR SBR B1 B2 B3 B4 BS B6

nrBoufsulefisudnsifusudasinlugdai300%(Modulus at 300%)
“ﬁ-ﬂﬂ'\?ﬂﬂﬂﬂﬂﬂ'\'ﬂéﬂ”ﬂﬂ'lw Y2INR SBR UINFUNR/SBR (B1-BS) UWR:EY
nauNR/ULDPE(B4-B6) fisimsuauddendusui(PAN)wss lifimsueudsond
uAuYi(no PAN)
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% Change in Modulus 600%

51l¥15.8
L]

100

-100

-200

PAN [ 1 no PAN

e"a"a"ae
A A

YT
"

NR  SBR B1 B2 B3 B4 BS 86
nﬂwuﬁumﬁumﬂas’muﬁmﬂﬂﬁuuuﬂaofi'lfmgﬁ'aﬁSOO%(Modulus at 600%)
WRINTNARBUNSIREUENMW T8INR SBR 81IHFUNRISBR (B1-B3) Wazeng
NFUNR/ULDPE(B4-B6) Afimsuauasanduau(PAN) uss'lifasuouis -na
uauy (no PAN)
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% Change in Tensile Strength

N
o

-
o

-50

-60

PAN "1 no PAN
[

r

a

- N

r |

[ M

NR  SBR B1 B2 B3 B4 BS B6

nruouifnuefisudnisiaounaamussfiafigeme(Tensile  strength)
BRININAFOUNSIRAUANW UBINR SBR BHRUNR/SBR (B1-B3) uat o1

d e - e A '~
HXUNR/ULDPE(B4-B6) ﬁummauﬂann-ﬁuﬂuﬁ(PAN) uaslifimsuauasend

uAnYi(no PAN)
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% Change in Elongation at break

-10

:] no PAN

L T T T

NR  SBR B1 B2 B3 B4 BS B6
nﬂﬂnﬁumﬁumﬂaﬁmuﬁmﬂﬂﬁuuuﬂms:U:Eﬂﬁqﬂmﬂ(Elongation at
break)A IN1INARBUM I ROUFNTWBINR SBR B1INFUNR/SBR(B1-B3) uns
nIuaUNR/ULDPE(B4-B6)Piiasuauasanduanwi(PAN usz Liflansuans son
Fuaur! (no PAN)
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6. uaiINlad (Morphology) BasuIua

6.1 Yoaquyzad

N ons29Reuu BT IWT83v090INEUNRIULDPE  uasar il unanue sULDPE g
naustinlnii

6.2 3BmMIinaaas
6.2.1 MInsdBURILNABIANITAddINuaTanuuudaInIa
1. Fusspnsfhaniinzdleun NR SBR manauﬁmawﬁﬂnnﬁwﬂmu
2. ﬂ1§u€harhaﬁ'u'mus‘u"r-nnn'mfmaauqmamﬁm'sﬁoﬁﬂluunﬁs wiluwinloiud
grannivisaiuiam 1-5 u
3. (ensuimueaneims dhdunusenandinazmeil Fudpnszeenses
ﬁﬂ‘i’ﬁqmaqﬁﬁ'mtﬂunm 1%
4, ﬂﬂémmam‘f-:mﬂ"‘%maugtytmmﬁﬁ'qm“ga‘iﬁ’aotﬂunm 19%
5. B RIUANURUYIIINIRIBEN -'x‘;muﬁa:a'mggnnmnammﬂs:mm 270 A°
el di  Aambwestunuilezefesufiinninmsine (fracture surface)
%unuﬁ'lxiqnuﬁﬁ":umsa:mu gnbunuFsuiioudiy

ol
6.2.2 MInTnaunIsiasasiiaTeiBianaTenuuudiasd(Dsc)
y -~ [ N - - '
1. Suruihaiiieneileund ULDPE vssiefiduidaainlssam uamaunuﬁgn
- . -l ol - '™ '
sadunriutnawfiursmuluunf2ussunfis s INSUNRIULDPENImuSnT @I

- w ' v -~ - o Py - B
2. dadedldthbhmindszano 5 - 8 Sadnfu nessufigomagliszning -10%. &

100°%. Mpsammafin/anguwnil 10%9/w0f

6.3 HAMINARDIUAZLUNINTOIHAM INARDY
6.3.1 unfiWlas

NR SBR usstINRUNR/SBR Liusninnuuandsvesfiufinsewinriauuidiowis
lefuurcnisuidndheznoriiedl  fsuielfianutwudssiufioy fe Aufitezreu
Tattnumduinbignezanodauleiu faiivlumunumeninoifessinisNRuazsBRon
Samludipdaefuin Salisnwasifiulaniahadonlvimuds dstudaviazap 1w 1o
#u Uhinssdinnumansolumassmomsiiianiudufa Tedusshlimsmuriniu Sunw

mun'llr.hmn'mnﬁ'lﬂ'lnuﬂqnua-ﬁﬁ':rmumn wastnonmuazddnsuniwiloduiudy
Funu uu'l:h.ﬁunnuunmhwaanuuau 31]116 1UKNININGILIINATBISEMURINR SBR
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KAz NHRUNRISBR (B3) nasnnusluleduiiuie 3 Ju SunaininserGmeuniiNR
usnsiNRnusielodwldiniiserR AludniAlitingsznsels inscsBRiInaaladudy
psfuszney  wazmuAadamludluser Mhaawzlulwddimledurinnin ani ms
fisBRusmIRI LTI I UNnA I nmulu e grafinsinmsiiwdsledugnasarusenty
AUAIBILINEUNRISER (B3) Sinsdantnaduuiiu@nituNr  msudlodudussus 1-5
fu LiflnadoRuA1r095 Wi aauluqné": ating
mauauNRIULDPEuamé’nmm:Lﬂmi{mﬁmﬁ'u'luv;né’aﬂﬁhu(mnms&hmmﬁ'wm
W) SuendenurleivezdsnwacGoy vedlifiunuuandiaszninaNRUssULDPESS
uanaluzuine.2a Fusmiuslulodnazuaansudlnssaond sduiiduNrivingu 1ilss
NNULDPEazmululafiu 3ﬂ¢16.2btﬂumwmmeG(SO%ULDPE)m’{amnuﬂu'lfnﬁuLﬂu
111530 NRuanalwwasiaiiias (continuous phase) sauteasinafiumngfasuusULDPER
saweenll  Anwmuuas ULDPE('ﬁaq'iN)'lugﬂi{ fdnwaundwiwWadoilas (continuous
phase) LEW@ALINR §9%i% B INAUNRIULDPEluSasdmdviniuil (5050 wiwt) SuasTula
$MGuni wWadediesiau (co-continuous phase) IunnuidusdiudFuasraULDPEIN
gIRaNEiIINNINBINaTIeINR  1HBINAMUNUILLLUIULDPE NG ansaucfiiiln
wrdniilesnuifannglunsuauNRLLDPE (50/50 wiiwt)'

Fnwouzf il wad sl essauildssnglues(ao%uLopPE) é’auamlugil"?'t 6.3a
ﬂ1u84(30%ULDPE)uamuaﬂﬂTa%’ﬁwnnviNaan'h]ﬁ'auamhgﬂﬁaﬂb ULDPEIuiila
@nq(Barinnsznw Nk FadudnwusUndfldunsuiiteoninzdaneus dunaiili
wioufiny (discontinuous phase) uszunaufinnnitaziiwradmiles uesTWlaifusinglu
manau-nﬁn'lmiffﬂaav;nﬁ'ﬂﬂd'm 'l.aj'fuagﬁ'u-s:u:nm'l.un'rsmi'l«uﬁu B1INEUBATI R IUNEY
ﬂaamamumﬁmsnuamuaﬂﬂTaﬁmﬁauﬁugﬂﬁe.ab

uesIWladfdsNuatNEUTaUaIENHRUNRIULDPE N9z #INAAEANULANHIIT 8]
AUl twﬂ.uﬁxfﬁ'a'lajwnn'rmuwmmazham'wz's’maaqmauﬁ?lﬁﬂﬂaam:wha
mmau'qﬂlmiﬁﬁEaﬂfi'mumehoﬁ’u msﬁnmi{{faaﬁ'uagum'sa'gﬂua'luunﬁauq*ﬁ‘h U9
ururRalniitanyostuiniod@oiwldE

nsAnwuasinlaifsnsehaalyluawaafie asrersunsnszpvaImsiniid-ag
Wmenanauriiolnift  dwniinsiduind (carbon black) $nfluszdasiimsasiameums
nsznpieavihdtluenanauiivay

' A. Abdullah et al., J. Appl. Polym. Sci., 58 (1995) 1125-1133.
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6.3.2 anseeniailuudn

3ﬂﬁ6.4-3ﬂ°?'|6.suammwmaﬂuunwﬁ'lﬁ’mnm‘%aaﬁtaa% fnanmpiimafouulag
@13 *]ua::.ﬁmmu'ﬁna?ﬂ'lumﬂaﬁej ULDPE-pelletmanufiafiaULDPEANR@a T304 (as-
received) ULDPEdanmoucla daaliiifiundngaunn daansnsmldhdunediusiadmgu
(amorphous polymer) LitasunainnisfinTummikkudun mui‘ﬂmaqaﬁmw'lmﬂu
=ifougs Hoctenediulaluluwefifinmiazss mlkanumunsnlumafiadusindnn
MiLDPE LLDPE uszHDPE usathalsiou snadusdnidimusnasanuls fe &3
uansganasummey lasfliRnnirann(aue.4) nidléiGalimmesummdudamngl
waamdadhnin ueslufugaflgomal 74%. tRanowdniasann fegifins 10% Yegegaves
dInaounRIND 449 ULDPEﬁgnmaauqmauﬁamsﬁaﬁmmmé‘nwm:nimﬁmﬁ‘u
UULDPE-peliet (a133716.1) jusuasmesluunsuluzufis.anifounasliidnion  oe
HRUB4-BEUANIFANABNINT8Y U 1@ B UAUULDPE ﬁ‘uﬁ'lﬁnﬂﬂlugﬂﬁe.mamﬁq
Ginasdndafioutihninfmsuessdidinn:d ddlumsdmanBnednd das
ﬁmsmﬂmnd'minﬁﬂﬂnga;.i'iﬁ“waoULDPE'lw‘T;u’Jmﬂ:ﬁﬁ':u HamsEUIMWLIIYINIM
nanuaJULDPEIMensmnanlnalfnanuULDPE-pellet

wmefluunsufiinein cooling scan weIULDPEIuEuMUG1 Thinandnaiu  aangi

win(crystallization temperature, To)aglutanfieaiu (33-35 °a.) uszUSinnudnliuansng
funnin  mesluunsufiiaann heating scan lunfifizeafisnsnniitanfausn fa lundad
apsftazfiifunmndnitaninn ﬁ‘agaﬁtﬁmi’mﬁumﬁmﬂunn-um'[wamnﬁ‘é'uﬁﬁmmnm
wind1 98 munsassuRuduldlwenassneda [(1-2]

6.4 ajUnanmInaaas
1. tRINFUNR/ULDPE uansdnwocinasiaiiladsan (co-continuous phase) lutanan
5l NR 50%usz 60%
2. wadnTsudmn s dunanuesULDPEInens liiuand199INULDPEALI oL
InpdAgy

19NNA1TON9DI

- 1. J. Minick, A. Moet, A. Hiltner, E. Baer and S. P. Chum, J. Appl. Polym. Sci., 58, 1371-
1384 (1995).

2. S. Bensason, J. Minick, A. Most, S. Chum, A. Hilther and E. Baer, J. Polym. Sci. Polym.
Phys., B34, 1301-1315 (1996).



o a - w Y - Py
MINNE.1  WEmImeRsn TSI nuTeudnIefileaF(DSC)

Sample 1" Heating 1* Cooling 2" Cooling
T.'C0) | %X | T.°0) | %X | .'Cc) | %X
ULDPE’ 44 9 35 10 52 6
ULDPE® 42 10 34 9 52 6
B4’ 45 & 33 & 54 2
Bs" 54 8 34 8 53 3
g6’ 41 9 34 9 53 3

a .
maximum peak
" % crystallinity (AH, = 292 JIg; Reference: B. Wunderlich, Macromolecular Physics Vol.3,
Academic Press, New York, 1983, p. 42)
© as received (pellet)

“ neck region of the tensile tested specimen
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flwiagt 3 Ju (a) LR, (b)
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(c) B3 (50%SBR)
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(a)

(b)

ol . & . . -
7UN6.2 MWELIIMATBISEM 12386 (50%ULDPE) {a) SHIUABUULTWITI ITAY; (b)
SurnuAusluw s lrdwduem 5 Ju
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