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Thermoplastic Vulcanizates Based on Nitrile Rubber/ Epoxidized

Natural Rubber/Polypropylene blends

Abstract

TPVs based on NBR/PP and ENR/PP blends were prepared using various types
and quatities of compatibilizers (i.e., phenolic resin (SP-1045), phenolic modified
polypropylene (Ph-PP) and maleic modified polypropylene (PP-g-MA)). Various
loading levels of compatibilizer were studied at 0, 1, 3, 5, 10 and 15 wt% of PP. It was
found that the Ph-PP at 5 wt% provided the best mechanical properties in terms of tensile
strength, elongation at break and tension set. TPVs based on NBR/ENR/PP were later
prepared using various blend ratios of NBR/ENR/PP at 60/0/40, 50/10/40, 40/20/40,
30/30/40, 20/40/40, 10/50/40 and 0/60/40. It was found that the TPVs prepared from the
blend ratios of 20/40/40 and 10/50/40 exbited better mechanical, morphological
properties and solvent resistance than those of other blend ratios. Consequently, the blend
ratios of NBR/ENR/PP = 20/40/40 and 10/50/40 were chosen for preparation of TPVs
using ENRs with various epoxide levels. We found that the ENR-20 gave the best
mechanical properties. Various vulcanization systems: sulphur system, peroxide system,
mixed system (i.e., a mixture of sulphur and peroxide systems) and phenolic system were
studied. We found that the sulphur system provided the best mechanical properties such
as tensile strength, elongation at break and tension set. However, peroxide and phenolic
systems gave the best thermal resistance and solvent resistance, respectively. The mixed
vulcanization system provided the TPVs with the highest shear stress and shear viscosity

at as given shear rate.
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Hanwaztumnaadun Wuezlsmnanlesoenlad 1ddluamsiaalug  waalae
USHN Wuzhou International Co., Ltd. szimaan
15. lasoasa "!mmudﬁﬂ (Triallyl cyanurate, TAC)
[ I [ I~ 1
Hanvaziluvewnarla Lilid figaslwanade c H,N,0, Mduasnszquianlu
@ CALl % L4 Jd A % = :I @
mstam lugswnulesoonlea Tyarasuda 26-28 seruwadod wiinluana 249.27

a a o a J J
Wan 1agUTHN Fluka Chemika Uszmaaddigasiaua



16. uoan 1534 (Phenolic resin, SP-1045)
=) I <= A I a o a a . .
Nanvaziuvewdedimaos Wulawiaasa Wuednsdu (dimethylol-phenolic
= [ a 1 [ = ' o Y 0911 9 )
compound) Hviyjtuiaaoangluwsie 8-11 % lanwodesuwie 1.4 Ihiuasasdulumseion
arsnuanudiuld naalasusEn Schenectady International, Inc. UYseinAansgomwsn il

gaslnssadnfio

HOCH, HOCH,

17. nasnueulalasa (Maleic anhydride, C,H,0,)

= Y A
Uges Insedsnane

Q O 0
\T/ \C| J

CH=—CH
I a 4 =1 Aa = o I < A ]
NI nsIer (AR-grade) IANWVTENT 98.0 % anvazlundaaduyy 99
v ] ) a a o . a J J
NaoNmalI9g 1uy4 52-54°C WAA 1A8UTEN Fluka chemika 13zmaaiamosiaua
18. 94 )AU (Acetone, C,H,O)
I a 4 ~ Aa = ~ A (Y
Hunsaaser (AR-grade) UANNUTENT 99.5 % LyaA0AINY 56.1 03
= a a o . o J Jd q Y =
warFea Wam laeuSHN Lab Scan Asia Co., Ltd. Uszmaasisusy losuaud ldlumsaion
A Y o 14
asuaNuniula
19. Tngdu (Toluene, C.H,)
[ o [ 1 [ o o
T¥waunuloTypommud mSunaaauANUNUNIUABAIMIaza 18U UNDS 13
waraAnoaa lawes yaieaniIny 111.0 serusaFod Wan IaguSEN Lab Scan Asia Co.,
[ 4 4
Ltd. Uszmsaasisusy losuaua
20. Tolwoonimy (Isooctane)
1$lumsnaasuaNuAILMUABAMIaza1s Han IAsDTEN Lab Scan Asia Co., Ltd.
[ 4 4
Uszmaas1sasy losiaua
21. MNUVHFU (Gasoline)
I r?} o a [ (Y o @ 1 o o
Wi wuugy YA1eenmuny 91 dIMSUNAFIUANNNUNIUABA I IazaY

o a a Jd a a v a = 1 o w
VouNes lunaraanaand lawes wan laguTEn ‘]JT@]SLE’IEJ?JLLWQ‘]J?%WI?(UHIEJ 10A (WHIFU)
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v ]
o A

22. MUUATD4Y (Engine oil)

furhsfuniesdmiunsowuamudy 4 591z 1nsa AP iesoudn 19dmiunageu
AmuIIReR Az eveanes Tunaadnama Tawes waalasussn  hwueneala
sz lne) 9190
23. ldu (Xylene, C ,H,(CH,) ,)
Iiludiazanglumsanamlavoanaiadn wanlaguSEN Lab Scan Asia Co., Lid.

@ J J
Usemaas1sasy losiaua

1.2 gilnsal

daq ¥ aa d
1. yagUnsainlfndanenssssuvinonon laa
JHq Y A aa s o = £
G]gﬂq‘]Jﬂimﬂclﬁh'mﬁEliJEIN‘ﬁiiiJG]ﬂG]fJWE]ﬂhlclfﬂ Llﬁﬂﬂﬂﬂzﬂ‘ﬂ 1 ﬂigﬂﬂﬂﬂﬂﬂﬂﬂfug
a ] 4 a a o o 1 g’ g
azgmﬁﬂmmmﬁ'umug{uﬂﬂaw 51.30 t¥UALUNT ’L:IN 28.50 (HUANNT 1“]95}ﬁ1ﬂiﬂélﬁu'llﬁﬂ
a Y A a 9 a2 ) o 1 o
AIUANYUNHN ﬂ'l“])’l!%t!ﬂ’)llﬂ’)'liﬁ!ﬂigll'lm 10 a1 ‘WiﬂllPJ11J@Lﬁ]1$§j@]5\1ﬂﬁ1\1ﬁ1ﬂiﬂ1ﬁ1ﬂ‘lﬁlﬂ
14 Y o o 1 =~ a o aaa A
NIY LLﬁZL%W%‘gﬂWuﬂﬂﬂﬁTﬁ‘iUiﬁﬁWﬁ!ﬂiJ Qﬂ!‘l’iQN“IIfNfﬂi“ﬂﬁJJ;]ﬂiﬂW%gﬂUUﬂﬂJIﬂﬂlﬂiﬂx‘l

a =

Immersion circulator Ngavndl 50 esruwaFed HluwadmSuniuvesnanlaeldya

U

< @ [
Mechanical stirrer 1210152 Tumsnyuluwaniuilszuna 150 seudoun

Mechanical stirrer j i)

Reactor

Y ]
a

aelain iveaunugmigil

G

51 1 gUnsaln ¥ lumsnSouenssssumaonen lad

. ¢

2. in3e9oususaalalasiindinos (Fourier Transform Infrared
Spectrophotometer, FT-IR)

< A ' . . Y] Aa %

1714130931 Omnic ESP Magna-IR 560 Spectrometer, Nicolet 1%114M135 3A512% 154

@ ] [~} [ o a 4 3 1

afnluwanaTaessdwiman Wi Tugesed@dudsusannuennaudua 0.8-200 lunsou
Fatmynauedlugie 12500-50 cm' WaalaeLTHN Nicolet Instrument Corporation Uszinel

ANSFOITN ANYUZVOUATOILTAIAIFUN 2
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1 2 inFesdursusaminTas TWTadinos (Fourier Transform Infrared Spectrophotometer,
FT-IR)

3. 15090 DeN9T09gnNAY

| d‘ Aa A Q’J v Y 4 EY = a
L]J‘L!Lﬂi'ﬂﬂ%uﬂﬂ')gﬂﬂﬁﬂﬂua’]ﬂﬁ'lﬂ VUNIGUDINDT 1%11!ﬂ'l§‘]ﬂ.lﬂ'l\1‘ﬁiﬁ~l"]ﬂ@]
a 79 Y I ] Y v W g‘ Y

awaﬂ"lcmclmﬂmmumq UAIINIUVAIUIINAWUNIUDD

4. m%’mwauamgnnﬁa (Two Roll Mill)

ay Il Ay ay @ < ay 1
Qﬂﬂmﬁmmm%’umug{uﬁﬂma 6 U AN 15 U ’f)@]i'lﬂ’l'llllﬁ’)"ﬂﬂ\i@,ﬂﬂaﬂ‘l’iﬁ'lﬁ@

Y
QNNAIMAY (Friction ratio) 110U 1:1.35 amnsallSugangii ldgega 399 esruwsaiFod wan
T HauaIuiing Fowignsse anuazveunIodanegy 3

el b
v

DINTUADIGNNAL (Two Roll Mill)

sUn3n

5. 195093 107AD I NLLNHUYIYY (Oscillating Disk Rheometer)

9

| A 1 9) o . . . 9 1 4
(JuA3993U ODR 2000 1515101031101 Biconical Disk YUIAKTURNTUAUINAN 1.3993
w7 viyunav i sy 1° dren0@ 100 seusewd aunsalSuguugimsnagenldga
q

A 200 ovruraFed WanlaguTEN Monsanto Co., Ltd. Uszmsansgowsnm lddmsy
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a L4 wa @ J J 4 (%
'JLﬂiTZﬂﬁiJU@]ﬂ']i'JaﬂTuluclf (Cure properties) Y99819ANY 1A aﬂymmmm%mammgﬂ

N4

=

d‘ A a 4 1 . . .
31]7]4 msmﬂeumamummuwuu (Oscillating Disk Rheometer)

6. 1n5039miNlonsean (Compression moulding machine)
I~ 4 o a Y Y o ¥ @ A ! Yo o o 2
WwneuuuaeItu WaﬁiﬂﬂﬂWﬂﬂUﬁﬂu%Wﬂﬂ BRIYNIIVN l¥dmsuoneasu

NATOY ANHUZVOUATOIAAINIZUTN 5

peoath laasedn (Compression moulding machine)

)
=
=)
n
)]
b
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7. 10509US UVUINDS WaNaAnD31AdS (Brabender Plasticorder)
I A a < T Y 4 v A (A
Hwnsowaunuuilavina@niu PLE 331 dsenaudielswes 2 @1 1d5uainug

T W < 4 a
mmﬁ’mwammﬂu 80 cm3 mm‘iaﬂ’mﬂuﬂ’nmiamaﬂimamazqmwnmmzwaﬂﬁ'

U

v '
o w 9 =)

Usznoudieginisivianie ATodneaw (Plasti-Corder PLE 331) in5eanaainiufouriioniy

ANYUNYUR D INAUTINIVANANNSDURIBAINIVANGUNYN  (Thermostat) AUATOIIZIFHOU

a Ll a

v v v o 9y

Aenudsudug udoya (Data acquisition system ) 1o IAfIMoIALAY QUM TIUDINTHAL

J A A Aqu ~ s A a s =& A s A

Wunsealenlslumswseumes lunaraanoand Iawes FUAToIUTUUUADS NaA1dAnD
s 4 d’ v =K d' [

o3 iauglniall)szian Torque Rheometer Iaain3odaziiunnnsmnuaaIanyazaINms
d‘ dlo [ a A [y 1y 4 1 J W

ndeuntlasvesmswaniidiay 2 s As naanuduiusiziienesanuna uay

FEHINYUNYUAUNIAT HAATABDTEN Brabender Ohg Duisburg 13maensiiu dnymz e

& o =
Lﬂ‘iﬂ\illﬁﬂ\iﬂﬂz‘ﬂﬂ 6

a A % A ¢ .
TIJTI 6 1ATDIUTUVUIADT WANTNADTIADT (Brabender Plasticorder)

_Y

A a
8. IAFdIUANAITAN
< A a P < a a o . .
Lﬂums'e)qmwmamwaﬂwmmmanm waﬂ%muw Bosco engineering Uszing

o A o a
Vl‘VIEJ aﬂymzmaqmsamﬁmmgﬂﬂ 7
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9. 1n39NAM3 luNaafn (Plastic Injection Moulding Machine)
iWlwaiesgu TI-90F vuta 90 fu wan Iasu3Ein Weltec Machinery LTD 1/321n#g04

Yo v A ay & o o a o Jd @ A [ A
N Gl"]fﬁ'l‘l’ﬁﬂﬂﬂ"lﬂ!‘ﬂﬂﬁ'ﬂll%QLﬂulﬂﬂiIﬂJWﬁ’lﬁﬁﬂ?ﬁﬂ’ll’lu‘ﬂf aﬂymwmmimuﬁmmgﬂﬂ 8

A

517 8 1nFesiames luwaradn (Plastic Injection Moulding Machine)

d‘ Y \ =

10. INDINATOUANNAIUNIUFDNIIAI (Tensometer)
I A Ay 1 Aa x> .
11unT038W0 Hounsfield qu H 10KS Wan 1AgUTEN Hounsfield Test Equipment Useme
o [ 4 ! @ [ o {
oangu 1waiesnldiausanansonsads annsasunseldgage 10 kN i load cell #inrin

o 1 A Y ad a I 1 = A ] A o

nilasdygraanaws i ladiuaeesodnnsedniunssdaniensinaluniie g

o < A = = a A 1 A o A @
aunsanannui lumsmasui 0.01 83 1000 Tadwasaouil anbauzveunIoaaInizl

n9

d' A 9 J =
g‘]JTI 9 IATDINATDUANUAIUNTUADLTIAY (Tensometer)
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4 a dJ
11. 1n30931afitmasuuumlam3 (Capillary Rheometer)
I A o A a 4 A Y A @ A
Wumsoiaauiams Imaveanedwosvasy o¥o 1y Uaulsznoundn Ao
4 1 9y Y o gy 3 M YA a
nizvenlany sueRudlea lnanuion 3 ya aunsoasldsunsuld Musnuasinaves
=\ d'd 9 ] 4 Aa A o Yy
N3ZVONILNM I FAVIAUFIUFUINAI 16 Haduas 1Y 1 § IHNANNEIAADAILIVDY
1 = =\ d' a qg.z} @ 9 1 d' =]
nszuen diulaignszuenziisounasinansonaaerianeld adruuuveunIealidiu
[ o 4 a 4 [ < 'o ]
Uszneuwdan fAe szuvduAdeUgNgUNANDADS HaouRedas TN Mual] Tuniiae
. dal < &Y [T A ~ 9 o Y a
em/min - WonINHANUTIIUMInaaeszulsAuTagasanusasuneun s lunsniilvinea
s A0 ¥ Aa Y o A a ~
wosviaenlva Tumsnaassiildamentiduriugunars 2 Hadwas uaziinnwenn 32
a A o T W (] [] - 9 a (Y
Hadwas Tastmuamioasimsmousglugie 5-1780 s Idguugilumsnagouminy 200

= v dl v d'
BN GIS TG aﬂymzmmmiﬁ)mammgﬂw 10

4 4 a 4 = 4 .
517 10 1n5045 Tolimesuuuailaats 0¥ 159U (Rosand Capillary Rheometer)

4 ¢ Y ¢
12. m%ﬁmswﬁmsaawmmmweamm (Thermogravimetric analyzer, TGA)
3 4 1 a a o . {1 9 9
WuaTeagu TGA-50 Wan lasuTEN Shizadzu Usemagiju awnsalianuiounas
o 2 ™ A o 9 o ' Ao w A A A A
sarhmiinveanedwes llwdows fu drulszneuididyveuniodons mumniin
= @ a <3| 1 Aq ¥ Y @ a A
az108n 1UN30399IAQUNYY (Furnace system) 1uaiunlnanuion uazinguigil Tagh

4 [ Qy 1 ) [ 1 1 4 o [l
Mo3 luAMNA (Thermocouple) 9z0g IuAMIHUINATUAINUDIAIUNUYIUAIDE1S (sample

a 7

o Y Ao ' 4 o A o '
holder) Mriningurgiveidi0619 ag i%ﬂﬂlﬂ?@\‘l%\‘lﬁﬁﬂ?ﬂ]ﬁ&%ﬂﬂ 6 ALNUN

L] U

& 1 Ao YAu o o A (4 P
(Microbalance system) Lﬂuﬁauﬂwmmmﬂumuﬂmﬂaﬂuuﬂammqmﬂgn LDUINUN

[

nasunlasezildniy (beam)  NidquandiasdazgnasieduTagszoulylndanasn

(photoelectric element) tahimsvensdaanunszud Wi lUdsuaaia (feedback coil) $iW
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a 1 < ) a 1 <] o 1
waaudman lld ldinaaugamsvyuuesauumiman dunisvesnuazgnaialinag
) I [ ! [ 1 :' o [ 1
A A torque HudaainTasasanunszua lnlih msnldsuasveniminainsadaldedis

aotliosTasmsguanszua luih dnyuzinies TGA uaas aelugili 11

-— -

4 4 a o . Y a 4 - -
gﬂ‘ﬁ 11 19399UATILHMTAIAIVDINDALNDS (Thermogravimetric analyzer, TGA)

éa

13. né’eaqi:misﬁumﬁnmawmndmnsm (Scanning Electron Microscopy, SEM)

3| A d'al ] 1 A Y 1 o A

1Wun509810 Leo qu 1450 VP ddsenovveuniesseneunls uraInula
adg J v v v o
21anATOU (Electron Gun) JeUUAUA (Electromegnetic Lens) WIANIUANYNIN (Signal
Detectors) Haga@IUIAAININIBABNIIADS IFANEANTAMUTUFIUINGUNOgN1TNTZIY
] a L a 4 4 a a o [ Y o o =
AIVOINDALNDT IUNDANBTIVAUA HWaA IATLTHEN Leo ﬂigl‘ﬂﬁﬂﬂﬂiﬂl l¥dmsumsane

anpaZNMUdUgINING AnYUZYBUATOEAINIFUN 12

4 Ja 1
319 12 NAvIaNIIAMIDIANATOUUUVADING 1A (Scanning electron microscopy, SEM)
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1.3 35mMsnaasa

= aa d
1.3.1 ﬂﬁ!ﬂ’itlllﬂﬁﬁiiﬂJ‘U]ﬂi’)‘Wi’)ﬂul“liﬂ

o g' 9 a ~ = Yy d 3 4 dy Y
HTUT&TQ%H%H@LL@NIMH&Q’Q BvevN e suallae 1 (Dry rubber content,
Y a ] 4 o3|

DRC) 1111 20% 1and1] Terric N30 tivo THoymavesenuadios nauvesnamiiuna 30 w1

a =

d‘ [ 3 a A ] 9 9 a 4
NYUYNN 50 oA UFaLFY ‘Via\ﬁ]"IﬂUUL@]lJﬂﬁﬂW’E]ﬁJﬂﬂEJN"BV] ummu”laiﬂmmﬂm

U

o v 9

< I ~ 9 ~ ana 4 o ~ 1
pon lyailudwuganie gasildlumsniouessssunadnon lsaudainenisni 1 ldos
Aaaa ) a 1 < [ ] ) o M {
Irgaseduiiuaeli mudediann 15 wii ludaTussn goaser TualudaTueh 2 uaz
M M 1 A A 4 a 1a 4 o w v A g v v
nn 1 9109 Tud Tusae i) ioTinszvmilSinamawen o Tamihwiodsinuuniug,
Y @ qaj ) G 1< ' 9 A ~ Y o Y g} Y
aowmuea e ldSadurdueg Aamsesdvens wdnihlddrailiazes
A @ PR A o aan o Y A a = )
ovdamaniinmasninmsiilgnsereenly hldeuudsngumngil 40 esraados 1h
o A 9 9 o o & 2 g @ o d o
fegaiudadiszainm 1 a5y ndadusuang ldazarelunaelsvesy wasnminih
{ o g 1" a1 d o 4 o {
asazaree1an 1a lduilunduiduuieg vumad IwanadenTuslua udnildeun
a v o o ) a 4 a A
guHgi 50 esrmaled unszNeAiazaeszionua 30 I ImszdEnlsunamygo
4 4 o a [ o
won'lad Tasldiaios FT-IR udrdwravimlsmamnonenleq laoldnsmluinigiu (Davey

and Loadman, 1984)

d' dd‘ 9 = an 4
13197 1 ﬁ'ﬁlﬂﬂﬂi%’iuﬂﬁmjfJﬂJEJN‘ﬁi'ﬁJﬂfW]@W’t’)ﬂll"]iﬂ

Chemicals Quantities
Latex dry weight (g/1) 115.6
Hydrogen peroxide (g/1) 88.4
Formic acid (g/1) 41.4
10 % Terric N 30 (g/1) 13.0

= d aa d o
1.3.2 fn5ﬂﬂH1qmiﬂNﬂf’)?»l1J1’Jﬂsll?)QEI1\‘lﬁ5ilﬂﬂﬂf‘)Wﬂﬂ"lcﬁﬂ!lagﬂ1ﬂnlﬂnlﬂ§ﬁﬂ!ﬁu1$

d' =) & a o d
aunozlFlumsnSaumas lunaradndan luas

o J aa J J o a 1 @
mimsneutaeesssumnaanen lednazens lulasanumsmisiaaig q das
~ aa A Iy (A A 4 < I d o
1 2 Tageusssumaowen laanlsulsmnarydwenled 20 Tuanlosidud simswanes
] Y v Y
uazensadl lneldinTowwauuuudesgnnas 1A 6 U1 AQuUuQlluMIKEN 50 PR

Y v
wrased 1gnawazdunou UM IHaUIAAIRIANTIN 3



H { 7 aa 7 @
319N 2 aselnlFlumsneuihndenssssunaonen lad tazenalu'lasa
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Chemicals Quantities (phr)

A B C D E F
Rubber* 100 100 100 100 100 100
Zinc oxide 5 3 6 5 6 5
Stearic acid 2 1.5 0.5 2.5 0.5 2.5
CBS 2 - - - - -
MBTS - 1 - - - -
TMTD 2.5 0.33 - - - -
MBT - - 0.5 - - -
TBBS - - - 0.5 0.7 0.5
Wingstay L - - - 1 0.6 1
Sulphur 0.2 1 3.5 2 3.5 2

a A J @ 1
*ﬁﬂﬂ‘iilWﬂ!EJN ENR-20 Ti?’é) NBR ‘ﬂﬂ’é]lJ‘]JTJﬂ!LEIﬂﬂuiu!mﬁ%%ﬂﬂﬁﬂﬂﬁ@ﬁ

d‘ 091’ zﬂ' U % =1
Ma19n 3 Nawazdunoun Iy lumsnanesnuasai

Chemicals Mixing time (min) Overall time (min)
Rubber 5 5
Zinc oxide 2 7
Stearic acid 1 8
Wingstay L 1 9
Accelerators 1 10
Sulphur 2 12
Compound finishing 3 15

Y 1 v
naanniuiiienonnanla lnaaeuaniiaasas li

QU (Y] ¢
1.3.2.1 ﬂﬂﬁﬂﬂﬁuﬂﬁﬂ]i)ﬁﬂﬂu"ﬂ

RIMsnAdoUAILATOI ODR 2000 NYmn

a

u

DU 160 DALY

=

o3| A A
g 11U 30 U e

1 c; a 4 1 a U [ o [
mmmqﬂmmmmw?@mm (torque) ‘ﬁlﬂﬂﬁ]”lﬂﬂ"li!,ﬁﬂiﬁzﬂil"lﬂEJNﬂ‘]JIim’f)i (ML), LI

a J J J ' a o a o
mw?amiﬂqqqﬂ (M), MANUUANANTEHINUTIUATIFANVUTIVAAGA (M,-M, ), 111
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. . (Y < [V 4
fN®Y¥ (Scorch time, t_,), 1IA1GN (Cure time, tc,,) uazdrtinuslunsyaa lud (Cure rate

index, CRI)

1.3.2.2 naaavaniimmInavesensnaniig

° s Y ~ Y v Y ] A o Y A

1heenounan lduuessusunaaou Tasmisai dremissdaiuuy laasoan
~ A ~ o e & 2 A a 9 M 9
Ngungll 160 eeruvaFod awszoznallumsian lusg asnsensiwsond 24 42 Tuad?

va o

Y
MMInaaovauanatl

Y \ =
1. ANNMUMUABNIIA

Y
HIMINAAOUANUAIUMUABITIAININNIATFIU ASTM D 412 (2000) Tasdadu
[ @ a A a A 1
naaewilugiduiua (dump-bell) ¥AnNUe1 115 Taamwas n319 6 + 0.4 Haawas vu
fn 1.5 Tadwas 1 azliinu 3 Jadwas TasdamuuuimsGesdived lumanasns ()

. A At 2 D] a A . Hq Yo
grain) ¥30MUUUIGNNTABONNININGANAY TFMesiian 1 (die type 1) 5z8zN1FIA (guage
length) §52821119 230 Tadwas Jannunu 3 98 11 lUnaaeUR181AT09 Tensometer NOATT

= a A ~ <3| 2 A
M3AL 500 + 50 Vaamas/uN 51890URay N/mm” 150 MPa

Tensile strength = F/A (1)
Taoh
A Y= a o
LLNVIGL%N%HEJNGUM (HIRU)
Y

F:
A d‘ 9 ta' 9 a a
A = NUNUUINALTUAUUDIY (@151\13&]@&“5]5)
A
2. ﬂ'ﬂllﬁnﬂ‘iﬁﬂuﬂTiﬂﬂ
) A @ 9 1 = v 9 A 9
AZNININAFADUIVINUDOUNUNITNATDUAITUATUNIUABDLUIIAININYIIUD 3.2.2.1 ﬂTﬂUl@
o ' 42 A o yy & sl o
ﬂ$'JﬂIﬂfJﬂ']i@11!53EJ$°VIGﬁuﬂﬂﬁﬂﬂﬁ']u']ﬁﬂﬂﬂﬂﬁhlﬂﬂu‘lﬂﬂ 318@1“Nﬁ!ﬂﬂlﬂﬂil°ﬁuﬂﬂ31u
A [
ﬁnﬂiﬂﬁll‘!ﬂ'ﬁﬂﬂﬁ?
Elongation at break (%) = 100 x (L-L,)/L, 2)
Tagn
1 ' Y Aa A A a
L = 522U NWITHNUTUNVAVUIIUNDIAIUVIA (IFUNUANT)

L,= szozvinsznuduiiauuenaousuduneuiiminadoy (sudmas)
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v
U A

3. Tugdafiszazia 300 %
TaomsianuAIon (strain) V0I019NBADON 300 % NTLELIAN MINATOLIZH
1 o <
MINATOUHMIBUMINATDOUANUAIUMUADLT RNV 3.2.2.1 Tenupaiy N/mm®
=1
%50 MPa
300 % Modulus (MPa) = f/A 3)
Tagh
A ~ A A o
f = USITAVDIYNNTZOZTA 300 % (HIAU)

tﬂy d‘ Y o Q' 9 a A
A = WUNHIAATUAUUDIY N (AT NUAANAT)

) Q' Y v d
133 m5zmtmmsmummwmu"lﬁ‘lumsmauﬂ

1.3.3.1 maessunsadlanedmesveanadlnslwaunuinadnueulalasa
(PP-g-MA)

= aa 4 1 a A 4 4
m3en PP-g-MA lasazateuaonueula’lasa 9 aau waslafaiueseenlesa 0.8

Y] [ =

] = ] Z’ d' Y ) a = (9
dawluezdlau 40 drulasimin asmsniiluasied 4 udniwed Ins Indumnagnnu

a =

Y Y A < @ A A
ANTASANINTUUNNAU uma‘qumwm 40 DA ALY L”]J‘L!L’mi 3 "lf’ﬂll\? Lwallaamiﬁu

U

9) a A 4 4 A d'a a = [ 09./’ o [ J
o0n 2214 lantnlesoon lednaounAIveanod Ing IWay vasmiviivesnauaanain

a =

4 s A P 3 s
UaluAToIUs UUWADS WAIdANDIADI NQMUAN 180 oerwaiFed AT 1503 60 501
1 = . Y S ~ gJa = (= @ .
@oUM uag Fill factor M10U 0.8 1Wuna1 5w TasldsmseSeurufeddy Garcia-

[ 09.1‘ o s 4 a 4 o
Martinez et al. (1999) naaniuihnonlan 1d uaalanseosuanaraamioii 114w
as =~ 4 a 4 a d 1 an Y] 1 o a 4
Taoda lataz (2548) 1dnsizruazigniinismsasnanilfinanisnsindves
aa 4 a A A
naonueu la'lasauuluanavosned Ins lnaud

maan 4 aslnlFlumseseunwedIns Indunsmdunasnueulslase

Chemicals Quantities (%)
Polypropylene 100
Maleic anhydride 9
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Thermoplastic Elastomer based on ENR/NBR/PP Ternary Blends

C. Nakason*, A.Kaesaman, and K. Polthong
Department of Rubber Technology & Polymer Science, Faculty of Science & Technology, Prince of Songkla
University, Pattani Campus, 94000 THAILAND, ncharoen@bunga.pn.psu.ac.th

Abstract - - Epoxidized natural rubber was prepared in-house by in-situ performic epoxidation method. The ENRs were
later blended with NBR and PP via dynamic vulcanization technique at various blend ratios of NBR/ENR/PP =
50/10/40, 40/20/40, 30/30/40, 20/40/40 and 10/50/40, respectively. Two types of blend compatibilizers were studied:
phenolic modified polypropylene (Ph-PP) and maleic modified (PP-g-MA). The vulcanizates were later called as
thermoplastic vulcanizates (TPVs). We found slight increased of the ultimate tensile strength with increasing amount of
the ENRs. Furthermore, increasing ENR contents also caused the increasing trend of the ultimate elongation. However,
slight decreasing trend of the tension set was observed upon increasing levels of the ENRs. This indicates increasing
trend of elastomeric properties of the TPVs. Rheological properties of the TPVs were also characterized using a
capillary rheometer. We observed an increasing trend of apparent shear stress and viscosity at a given shear rate. This
indicates flow resistance with an increasing levels of epoxidized natural rubber.

Introduction

Thermoplastic elastomers (TPEs) are a rubbery
material with properties and functional performance
similar to those of conventional vulcanized rubber.
Furthermore, they can be processed in a molten state as
a thermoplastic polymer. The field of TPEs based on
polyolefin  rubber/thermoplastic compositions has
grown along two distinctly different classes. One class
consists of a simple blend and classically meets the
definition of a thermoplastic elastomeric olefin (TPO).
In the other class, the rubber phase is dynamically
vulcanized giving rise to a thermoplastic vulcanizate
(TPV) or dynamic vulcanizate (DV). The TPVs are
characterized by finely dispersed micron-sized
crosslinked rubber particles distributed in a
thermoplastic matrix.' Interest in natural rubber (NR)
and thermoplastic blends has also increased recently.
These materials are known as thermoplastic natural
rubbers (TPNRs). Thermoplastics blended with NR
include PP,”*> LDPE,* HDPE,” LLDPE.® PS,” Nylon-
6, PMMA® and EVA.""  Epoxidized natural rubber
(ENR) is one of the modified forms currently used to
prepare TPNRs. In this work, an attempt was made to
prepare TPNR based on ternary blends of
NBR/ENR/PP by dynamic vulcanization. Mechanical,
thermal, morphological properties and swelling
behavior of the TPVs were later investigated.

Experimental
Ternary blend of NBR/ENR/PP were prepared using
various blend ratios of NBR/ENR/PP = 50/10/40,

40/20/40, 30/30/40, 20/40/40 and 10/50/40. The
mixing was performed using an internal mixer
(Brabender Plasticorder) at 180 °C and a rotor speed of
60 rpm. Prior to the melt mixing, the rubbers (i.e., ENR
and NBR) were compound with various chemicals
using a two-roll mill. Two types of blend
compatibilizers were used in the blends: phenolic
modified polypropylene (Ph-PP) and maleic modified
(PP-g-MA). Various properties (i.e., mechanical,
rheological and morphological properties) of the blend
products (i.e., TPV) were then characterized.

Results and Discussion

Figure 1 shows tensile strength of the TPVs using
various blend ratios of NBR/ENR/PP. It can be seen
that the levels of tensile strength of the TPVs with
ENR at 0-40% wt. were similar. However, increasing
of the tensile strength was observed for the blend with
ENR > 50 % wt. However, increasing levels of ENR
caused an increasing trend of ultimate elongation, as
shown in Figure 2. This is attributed to increasing
elastomeric properties of the blend upon increasing the
ENR. The eclastomeric properties, that is a capable of
recover from the permanent set of TPVs was
illustrated in terms of tension set in Figure 3. It can be
seen that increasing ENR contents caused the lower
level of tension set. That is, the TPVs exhibited better
elastomeric properties.

PPS 2005 Americas Regional Meeting Proceedings
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Figure 1 Tensile strength of NBR/ENR/PP blends.

Rheological properties in terms of  relationship
between shear viscosity and shear rate was obtained
from a Rosand capillary rheometer is shown in Figure
4. It is seen that the shear viscosity decreased with an
increase in shear rate. At a given shear rate, we found
that the shear viscosity increased with an increasing
levels of ENR wused in the blends. This might be
attributed to higher crosslinked structures formed on
increasing levels of ENR because of its unsaturation.
More difficult to flow of the polymer melts was a

consequence.
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Figure 2 Elongation at break of NBR/ENR/PP
blends using various blend ratios.
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Figure 3 Tension set of NBR/ENR/PP blends.
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Figure 4 Relationship between shear viscosity and
levels of ENR in the blends at constant shear rates.
The TPVs samples were later took to perform a
cryogenic crack. The plastic phase was then removed
by extracting with xylene. SEM micrographs of various
types of TPVs were shown in Figure 5.

’ \.‘. _."i.-\.n o -
(¢) NBR/ENR/PP = 10/50/40) (f) NBR/ENR/PP = 60/0/40
Figure 5 SEM micrographs of TPVs based on
various blend ratios of NBR/ENR/PP

From Figure 5, we observed the particles sizes of
dispersed vulcanized rubber phase dispersed in the PP
matrix decreased with an increasing contents of the
ENR. This corresponds to the trend of mechanical
properties (i.e., tensile strength and elongation at
break) and rheological properties of the TPVs.

Conclusion

The TPVs based on NRR/ENR/PP blends were
successfully prepared via dynamic vulcanization
techniques. We found that the tensile strength and
elongation at break of the TPVs increased with the
increase of ENR contents in the blends. Good
permanent set properties was also observed. The shear
viscosity at a given shear rate of the TPVs also
increased with the levels of the ENR used in the
blends. This is because higher tendency of rubber to
crosslink between the molecules. The SEM
micrographs show decreasing trend of rubber particles
dispersed in the PP matrix upon increasing the ENR
contents. This corresponds to the incresing trends of
mechanical and rheological properties of the TPVs.
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