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Influence of Oil and Fillers on Properties of Thermoplastic Elastomer
Based on Natural Rubber-Polyethylene Blends

Abstract

Thermoplastic elastomer based on natural rubber blended with two types of
polyethylene (i.e., HDPE and LLDPE) was prepared. Two types of techniques were
exploited: a simple blend and dynamic vulcanization technique. The simple blend
technique of NR/PE blend at a blend ratio of 60/40 was studied. This is because at this
blend ratio, co-continuous phase morphology of the blend was observed. Influence of
various blend copatibilizers was then studied. We found that HRJ-10518 exhibited the
most appropriate blend compatibilizer. It was later used throughout this work. Effect of
types of process oils (i.e., white oil, paraffinic oil, naphthenic oil, epoxidized oil and
plasticizer (dioctyl pthalate, DOP) on properties of the TPE was later investigated. It was
found that white oil gave the TPE with superior properties. Influence of concentration of
white oil on properties of the TPE was later studied. We found that increasing level of
white oil caused decreasing trend of tensile strength, shear viscosity, and hardness but
increasing elongation at break and elastomeric properties (based on tension set results).
Two types of fillers (i.e., carbon black and silica) were used in the TPE based on
OENR/HDPE and OENR/LLDPE blends. It was found that increasing loading level of
fillers caused increasing level of tensile strength, shear viscosity, and hardness but
decreasing elongation at break and elastomeric properties. Thermoplatic vulcanizates
(TPVs) were later prepared based on NR/PE blend at a blend ratio of 60/40. Influence of
vulcanization system wad first investigated using various vulcanization systems: sulphur,
peroxide, mixed system (sulphur and peroxide) and phenolic system using two types of
phenolic resins (SP-1045 and HRJ-10518). We found that the phenolic system using
HRJ-10518 provided the TPVs with the best properties. Influence of loading level of
white oil and fillers (i.e., carbon black and silica) on properties of the TPVs was also
studied. We found that the oil and fillers showed similar affect on the TPEs based on a
simple blend technique.
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Ingredients Vulcanization systems
Phenolic

Sulphur Mixed Peroxide Phenolic (HRJ-

system system system ( SP-1045) 10518)
Oil extended
NR 120 120 120 120 120
ZnO 5.0 6.0 6.0 - -
Stearic acid 2.5 - - 5 5
Wingstay L 1.0 1.0 1 0.6 0.6
TBBS 0.5 1.0 - - -
Sulphur 2.0 1.0 - - -
DCP - 2.0 2.0 - -
TAC - 1.0 0.5 - -
SP-1045 - - - 9 -
HRJ-10518 - - - - 9
SnCl, - - - 0.6 0.6
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Ingredient Mixing CODE

W1 W2 W3 W4 W5 W6
NR 100 100 100 100 100 100
Zn0 5 5 5 5 5 5
Stearic acid 1 1 1 1 1 1
Wingstay L 0.6 0.6 0.6 0.6 0.6 0.6
HRJ-10518 9 9 9 9 9 9
SnCl, 0.6 0.6 0.6 0.6 0.6 0.6

White oil 0 10 20 30 40 50
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Ingredient Mixing CODE

Cl C2 C3 C4 C5 C6
NR 100 100 100 100 100 100
Zn0O 5 5 5 5 5 5
Stearic acid 1 1 1 1 1 1
Wingstay L 0.6 0.6 0.6 0.6 0.6 0.6
HRJ-10518 9 9 9 9 9 9
SnCl, 0.6 0.6 0.6 0.6 0.6 0.6
White oil 30 30 30 30 30 30

N-220 0 5 10 20 30 40
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14 Stearic acid

e Wingstay L
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MmN 9 aaadlFlumswion TPVs Taeulsisinagam

Ingredient Mixing CODE

S1 S2 S3 S4 S5 S6
NR 100 100 100 100 100 100
Zn0 5 5 5 5 5 5
Stearic acid 1 1 1 1 1 1
Wingstay L 0.6 0.6 0.6 0.6 0.6 0.6
Silane 1.7 1.7 1.7 1.7 1.7 1.7
HRJ-10518 9 9 9 9 9 9
SnCl, 0.6 0.6 0.6 0.6 0.6 0.6
White oil 30 30 30 30 30 30
Silica 0 5 10 20 30 40
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v 4 v
NdduTdims Inadawaasiunams lvalddedu  wielanuansalumsuilsglng

Qﬁo

4 (processability) N385 1% white oil 114 TPE (OENR/HDPE) wuNidulnamslnad

o)) SC-9))

9 1 v Y ' = A A o v =R &
iz lianudumudsusadaazamnsalunmssaga (U7 9 uaz 10 awdray) Juily
Y FJ
msaiuayums ihiusiaiilumsnaassaeuae 1) daulu TPE(OENR/LLDPE) msld
2 o : \ A 3 A
white oil N1111# Ina'lddeweszuna daunsal epoxidized oil HANdHIAIMNMS Iaduiloann

"9 o 31 2 4 A 9 4
ﬂTi]lllL‘]J"lﬂuﬁllﬂﬁu”IEJ‘L!ﬂ‘]J’ENﬂ‘]_]iSﬂ@‘UVIGLGMTJﬁuﬂ

2.5.1.4 ansnadSunaniniuneanABanaves TPE
dyd a A a 3’ L% a d' 9 d'd A = 4
TupeulAnyIoNnTwaveslsuanhiustanly TPE Nliauian naasslaomsoumes
Aa a 4 4 a I
Tunanganoand lawes1nnuaua OENR/PE = 60/40 Tagudl51/5u1as white oil 111 10, 20,
[ 09)1 o o a A e’d‘ 9 9 1
30, 40 UAZ50 phr ¥a4IANUE NS Iunaraandaa Tawesn 14 lnageuanudumuse
= A A < Y
5999 ANuasalumsta anwawnsalumsaugyl uazanuuds lawanisnaaesns i
Y] o 4 @ [
ANUFURUTANUAUTUANWATEAVD TPE (OENR/HDPE) TPE (OENR/LLDPE) $ai4a@d
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Tugalin 15 waz 16 awdwy Falunsaindaldlsmaniniugegauda 40 phr 1iosanms 149
Y Y
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<3 2 valy ¥
Waedugl lumsnadouaniia

10
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5Un 15 nslanuduiusanuAUAIUANUATIATRUNOS Iunadgandaid lames eI

U
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7 Without oil
10 phr

20 phr

o1
!

30 phr
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Stress (MPa)
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J a a o o . .
NNMIIWaUALULULUNAYY OENR/LLDPE = 60/40 TagmsudsdTunaniiniy white oil
d' 1 d‘ ] cy o o a Aa J 9
1Al 15 wag 16 wunAms ldeaminiuadlumes luwaradndaralawosoz 14
1 3 = . £ Y @ A o A ' A
AAULTIAY (stiffness) F99 1ADINAINFUVRINT T Tugaa UA1gand1 TPE NEMswan
Y Y
o w o w a o 1 [ v
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A (a S o ~ 0 9 Iz a a S
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1 S R A Y 9 = a 9y 9 v a Y]
MANULAIANLU T Naatoeal LAz zingAnssudUNTIINANINUNANTTHYDIL1IAn
4 4 { o a A d a o 1
Tuguniu yagaiioimes luwaiadnoad lawesnanisua  @150RIUIURIAIAY
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Y v 1 v Y
TPE Waoswila lanadwaaslugili 17 uaz 18 awdau wuiulemnlsunaninivez diwa
Y 9 1 = 4 a Aa 0’09/} a A Y
TRAIAMUAUMUADLTIVOIAIUDUN DT TuNaIdANDad o nadossialuul Tuuanas
£ & g} o = A 1A 1 =2 o Jq ¥ Y
gudunamnnminiuligmlumanuanuvasauszninTuanadei i ldusaiosaslu
= Y v 1 A = =} Y 9 1 = 1 a
MIAINA20819019 BT eLNEVTLAVYDIANUATUNIUABITIANTZHIN TPE 2 ¥ila
WU TPE  M@381910 OENR/HDPE T 1aud umiuasusadegand1 TPE Mn3eua1n

k4 E2 ] 1
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100000
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o 4 Aa A S A 4 a Ao 1
Wunes lunaadnsand lawesnwisunnauauuulnaves NR/HDPE  N10a5187u
4 i |a 1 wAa @ a
mstwaua 60/40 Iaald white oil NUFMIMANY TFnmauianedugiuinelaomsnion
drednaTaeinliinand vl lululasmumamdrasalanaradneendleleay  udnill
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11az TPE(OENR/LLDPE) fauaaalugii 23 uag 24 awdwy wuiudemiui/Sunaveainiy
4 a a 4 1 Y = ld? £ dyd
Tumes luwanadnoaialames  swawwaldavessalivinalvgiy  Fawamsnaaoeiiil
v o J 9 [ vAa A A T Y [ < Aa Y
ANNFUNUT FoARRDINUANIIAIFING AAIANNA UM UABLTIAIN UL T NARaIAY
a g’ & 1 A = ld? ) 9 1 =
YFunavesihgiu nanfemstmavinalngaugiin1a interfacial force 5zHMNUNATIAAID
o Y va 9 < 9 = = 1 [
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T § < o a
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TPE(OENR/LLDPE) 92 f11at8nn1
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(A) without oil (B) white oil 10 phr

(C) white oil 20 phr D) white oil 30 phr

(E) white oil 40 phr
d' . o Aa a S A 4
5‘1]7] 24 SEM mlcrographs ‘U'E]\3WlﬂiIiJWﬁ’lﬁ@ﬂf]ﬁ'lﬁIﬁﬂJﬂﬁﬂlﬂiﬂlli]’lﬂﬂ’lﬂ'ﬂauﬂ

U

OENR/LLDPE 1199831834 60/40 Tagualsal511a1 white oil

2.5.1.5 oNswaasA uANAeaNIMBINaved TPE

Tumsnaaesilimawsey TPE 910M31Waud OENR/HDPE ey OENR/LLDPE 7
o ' s ] & A Y o Y ] . .
93198 UMIVAUA NR/PE = 60/40 19 HRI-10518 fuamsiuanudnnu'ld uazld white oil

US1191 20 phr HENAVAITAAY 2 ¥HA AD WA LaLFaN

2.5.1.5.1 1936
~ o Aa a o J a o
M3 IUNDT IUNAAAND A T3 1agMSIUaNaLUUlNAYDINTIUANA OENR/HDPE
az OENR/LLDPE fidasidiumstuaue 6040  JesudsdSuanvinhdr i N-220
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< Y J Y 1 = A @ 9 I o A [a 1 @
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d‘ 1 Q' a 1 o o a Aa o 1 Y
paadlugin 25 wunmsiivlsnaind lumes Tuwaadnoaid Tawesvzaanalia
Y 1 =R A Y A d? o’/’ dy A 1o Aa
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v a a 5 1 o & v A 1 1o S v 1A
nszaeandn 1 lumlasesssumnauaznaradnld Fuvihduiluensduauniingilanduogn
A & a = ~ o ' Y= . o 3
A FednsomnanssgamiieanuaisTe Tuanavese19 a8 (Yamauchi er al., 2005) Ad1iuMs

A a 1 o &2 o Y =\ 9 1 =< A A 1 o & v A

MINuUTIUNIA199911 1% TPE TaNudumuaausaauny 1oaaniig il uasaiay

a a . . 5 1 o { 3 : ! I 1
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o Aa ] 9 < A = ~ o 1 o A SR A
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